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1.

INTRODUCTION

This report has been prepared as part of the SWIM-H2020 Expert Facility Activity EFS-EG-1:
Improved Watershed Management (decentralized level), local governance and capacity building, with
reference to Task 2.1 “Analysis of water uses and water resources availability and calculation of the
water balance”
The overall goal of the report is to provide a generic methodology and guidelines on how to analyze
the water balance components and perform water balances calculations. Water balance includes both
physical components (e.g. parameters of the hydrological cycle, natural inflows and outflows, etc.) and
anthropogenic components (e.g. water abstractions, water returns), while the non-conventional
resources also come into interplay. It is thus important to established a common understanding on the
components (primary and secondary) to be accounted for when estimating water balances so that a
harmonization is achieved, which will in turn allow robust scientific and policy assessments based on
comparable base calculations.
These guidelines can be followed by the Governorates when developing the Governorate Water
Resources Management Plans. The proper assessment on the water balances clearly contributes to
better water allocation and management at the decentralized level, and better governance as it
initiates transparency between stakeholders at the local level involved in the monitoring of water use,
the definition of water saving targets, and the design of mitigation measures and demand
management interventions. Having a systematic analysis of water balances at the local level can
inform the decision makers on the prevailing water use patterns and main users, can help prioritize
water demand management efforts on the basis of water stress identification, and can help design
appropriate interventions and awareness campaigns that will target consumers with significantly high
water use or located in areas of limited water availability.

1.1 PURPOSE AND SCOPE
The purpose of this Report is to provide guidelines for preparing water balance estimates in Egypt,
following a national harmonized methodology. Data elements and standard estimation methods and
techniques are defined allowing the compilation of water balances at different scales. These
guidelines are useful both to those responsible for preparing and reporting the estimates and to those
who use and analyse the data.
More specifically, the Report elaborates on:
▪ Basic definitions of water use, water demand, water abstraction/withdrawal, water supply
It is often observed that stakeholders do not necessarily have a common understanding of the
basic definitions of water balance related components (e.g. water abstraction, water availability
etc.) and use different terms interchangeably. The current definitions provided here will help
establishing a common language among stakeholders so that the context of any national-level
assessments of water balances in Egypt is well understood and clear, and confusion is avoided.
▪ A typology of the key components of water balances
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Water balances are the interplay between the physical parameters of the hydrological cycle
which reflect the water resources availability, and the man-induced (anthropogenic) parameters
(such as water abstraction, water return, etc.). It is often observed that confusion prevails during
the estimation of water balances as to which parameters should be included or excluded, and in
which side of the mass balance equations (inflows vs. outflow). The current typology,
differentiating between the hydrological physical parameters and the man-induced parameters
will form a solid basis for common understanding among the Governorates when it comes to
defining and analyzing water balanes and their associated pressures in their Governorate Water
Resources Management Plans. Furthermore, as the current suggested typology is in close
relation with internationally accepted typologies, various National reporting requirements
towards third parties (e.g. to FAO, OECD, etc.) can be facilitated.
▪ Guidelines for the estimation of the water balances at the decentralized level
It is often a problem that many water balance components cannot be directly measured for all
sectors, and thus different proxies and estimates need to be developed. To this extent it is
important to have common proxy methodologies which are also based on primary data which
are feasible for the Egyptian Governorates and relatively easy to retrieve.
▪ Key issues and challenges in developing water balances
Different challenges and issues are encountered when developing water balances, related to
the harmonization of the temporal and spatial scales, the difference in the boundaries of the
hydrological and administrative units, the lack of data and/or data access and availability, etc.
These are highlighted in the current report.
▪ Policy-relevance of water balances assessment
Different indicators are proposed in order to conduct policy-relevant assessments and observe
meaningful trends. Water balances can support water management decision-making, guide the
development of Programme of measures (PoM) and water allocation schemes.

Box 1. Why do we need to know the water balances?
▪

Quantifying the components of water balance is the foundation of effective water management
and environmental planning and of any Water Resources Management Plan

▪

Indispensable input for the drafting of the Governorates Water Resources Management Plans

▪

Water balance evaluations are important in assessing the effects of climate variability, the level
of pressure that human activity exerts on the natural water resources of a particular territory,
water stress conditions, and the sustainability of the various economic activities

▪

Supports proper water allocation, the design of adequate Programmes of Measures, and helps
prioritize water demand management efforts

▪

Contributes to better governance at the decentralized level, initiating a better coordination
between stakeholders at the local level when it comes to the monitoring of water balance
components, the definition of water management targets, and the design of mitigation
measures
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You can’t manage what you don’t measure!!

2.

DEFINITION OF BASIC CONCEPTS RELATED TO
WATER BALANCE

This section provides the basic definitions of different elements which relate to water balance, namely
water availability, water demand, water supply, water abstraction, water consumption and returned
water. A schematic representation of the exchanges between the environment (i.e the physical
component of the water balance) and the economy (i.e. the anthropogenic driven component of the
water balance) is provided in Figure 2.1 below to allow for a better understanding of the definitions.
These definitions will help establishing a common language among stakeholders and a harmonized
approach across the Governorate Water Resources Management Plans and in relation to the
monitoring, evaluation and reporting of the water balances in Egypt.

Figure 2-1: Flowchart of the exchanges between the environment and the economy in relation to the water
balance (Source: adapted by Kossida et al., 2012a)

Hydrological (water) Balance is the analysis and quantification of the components of the water cycle,
accounting for flow (inflows and outflow) and storage changes in natural systems that contain water.
Systems/ units of interest can be features such as rivers, lakes, river basins, the land surface, or
aquifers.
Water Balance (or Water Budget) is the analysis and quantification of the components of the
hydrological (natural) water balance together with the human-induced changes (abstractions, returns,
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etc.). It is an accounting of all the water that flows into and out of a reference area. This area can be a
wetland, a lake, a river basin, a river basin district or any other point of interest.
Freshwater Availability is the sum of available and exploitable natural freshwater resources,
originating from all potential sources (surface water, groundwater, precipitation, snow).
Exploitable water resources is the part of the water resources (i.e. part of the freshwater availability)
which is considered to be available for development under specific technical, economic and
environmental

conditions

(FAO

Aquastat

Glossary

online,

available

from

http://www.fao.org/nr/water/aquastat/data/glossary/search.html?lang=en).
Water abstraction (or water withdrawal) is the process of taking water from a natural hydrological
regime (ground or surface water body) either temporarily (e.g. for cooling purpose) or permanently
(e.g. for drinking water) and conveyed to a place of use. The abstracted water is used in a wide range
of sectors such as agriculture, manufacturing industry, mining, electricity generation, hydropower,
cooling, etc. Water abstraction from precipitation (i.e. rainwater harvesting) is included and must be
identified if applicable. Water used for hydropower generation is included (although it is an in-situ
water use it is considered to have a very low consumption of water due to the associated evaporation
from the reservoirs) and must be identified if applicable
Water requirements is the volume of water which must be retained in the catchment (thus not
actually available for abstraction) in order to meet different legal obligations (e.g. downstream
navigation, environmental thresholds, transboundary treaties, etc. ).
Water demand is the amount of water that is required to fully and completely satisfy a water use
according to cultural, sociological, technological, meteorological conditions on a certain place in the
world. For example, domestic water demand in an area is dependent on the meteorology (cold or
warm climate), on the culture (frequency of bathing, etc.), on the sociology (urban areas vs. non-urban
areas), on the technological means (washing machines, etc.) that define the water demand in terms of
liters per capita per day. Another example is the irrigation water demand, which is a function of the
specific crop water requirements in the specific region, climate and time which cannot be met by the
effective rainfall.
Water scarcity or water stress occurs when availability at a certain time step is not enough to meet
the demand. If this is a short term condition, then we refer to water stress, but if the problem further
develops in time (longer term condition) or if re-occurs often for a certain time period we then refer to
water scarcity.
Water supply is the delivery of water from various sources to the final users in order to satisfy the
water demand. The sources of water can be withdrawals from the freshwater bodies (i.e. surface and
groundwater abstraction), rainwater harvesting, water imports from other river basins and nonconventional production of water. Non-conventional sources of water include: (i) freshwater produced
by desalination of brackish water or seawater; (ii) reclaimed urban or industrial wastewater (with or
without treatment); (iii) collected irrigation drainage water. The non-conventional water resources are
accounted for separately from the natural renewable water resources. The water can be delivered to
the final users through a public water supply system (PWSS) or via self-supply (direct abstraction or
non-conventional production for own final use).
Water Transfer refers to water imports or exports. Water that enters or exits the territory of reference
through mains or other forms of infrastructure.
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Water use is the utilization of water for a specific purpose, e.g. by agriculture, industry, energy
production and households. It includes the in—stream uses such as fishing, recreation, transportation,
identifying nevertheless that these are non-consumptive types of water use.
Water consumption can be defined as water abstracted which is no longer available for use
because it has evaporated, transpired, been incorporated into products and crops, consumed by man
or livestock, ejected directly into sea, or otherwise removed from freshwater resources and not
returned to back. It represents the portion of water use that is not returned to the original water source
after being withdrawn and is no longer available for reuse. Water losses during transport of water
between the points of abstractions and points of use, or the point of use and reuse are excluded
because they may return to the system (e.g. leakage losses).
Returned water is the part of the water which has been abstracted from a fresh water source and
discharged/ returned into its source or into another fresh water body (surface or groundwater) either
before use or after use. Discharges to the sea are not included here.
-

Returned water before use (leakage losses): water abstracted from any freshwater source and
returned into a freshwater recipient before being uses. It basically refers to the volume of water lost
during transport through leakage between a point of abstraction and a point of use, and/or in the
water supply/ distribution network. Evapotranspiration losses or water losses which occurs during
mining or construction activities are not included here. Artificial aquifer recharge is included here if
the water is abstracted from a freshwater body and directly injected into the groundwater, and must
be specified if it occurs.

-

Returned water after use: total volume of water discharged into freshwater bodies after use as
treated effluent or as non-treated (e.g. cooling water, treated wastewater, etc.). Discharges to the
sea are not included here. It is important to identify the hydrological unit-recipient of this discharge
since it can be different than the one where the water was originally abstracted from. Artificial
aquifer recharge with treated wastewater is included here and must be specified if it occurs.

-

Leakage losses between use and reuse: it refers to the volume of water lost through leakage
during the transport between points of use and reuse, after the treated effluent leaves the
wastewater treatment plant and is transported to the reclaimed water recipients.

Reclaimed wastewater is wastewater-treatment plant effluent that has been diverted for beneficial
use before it reaches a natural hydrological system.
Reused water is water that has undergone wastewater treatment and is delivered to a user as
reclaimed wastewater. This means the direct supply of treated effluent to the user. Wastewater
discharged into a watercourse and used again downstream is excluded (i.e. this is considered
returned water). Recycling is also excluded. If the reclaimed water is made available (totally or
partially) for reuse to recipients who are located in a different hydrological unit (than the one where the
water was originally abstracted) -in other words the water is exported for reuse elsewhere- this should
be mentioned to avoid miscalculations, and the hydrological unit receiving this water should be defined
if possible.
Recycled water is water that is used multiple times by the same user (either treated or non-treated)
after withdrawal and before it returns to the natural hydrologic system.
Recycled drainage water: multiple reuse of drainage water in the Nile Delta has been adopted as an
official policy in Egypt since the late seventies.The policy calls for recycling agriculture drainage water
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by pumping it from main and branch drains and mixing it with fresh water in main and branch canals
(CEDARE, 2014). There has been a decreasing trend in the amounts of water discharged into the sea
with a significant increase in the amounts of drainage water reused recently. The reuse of agricultural
drainage water (and of treated sewage water) cannot be considered as independent resources;
however, they help augment the fresh water supply in certain regions. This recycling process of the
previously used Nile freshwater improves the overall efficiency of the water distribution system
(CEDARE, 2014).

Figure 2-2: Conceptual flowchart of the “returned water” components

3.

HYDROLOGICAL (WATER) BALANCE
PARAMETERS: TYPOLOGY AND ESTIMATION

In order to develop water balances, the natural hydrological (water) balance and the freshwater
resources need first to be assessed, through the quantification of the components of the hydrological
cycle. The (natural) hydrological balance equation is based on the principles of mass conservation in a
closed system: any change in the water content of a given soil volume during a specified period must
equal the difference between the amount of water added to the soil volume and the amount of water
withdrawn from it. In its simplest form, the hydrological balance of a catchment is described by the
equation:
IN =OUT± ∆S

[Eq. 1]
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Where IN = inflow of water to the hydrological unit; OUT = outflow from the hydrological unit (Figure
3-1) and ΔS = change in storage within the selected hydrological unit (e.g. catchment). The
components of [Eq. 1] are expressed in units of volume per time unit, i.e. hm3/month, hm3/year, etc..

Figure 3-1: Representation of the hydrological cycle inflows (blue arrows) and outflow (red arrows) foe
Eq. 1 (Source: USGS)

In a system with no external inflows from neighbouring catchment and territories, the water is entering
the system via precipitation (P), converted into evaporation (E) and/or runoff (R) (surface, subsurface
or groundwater) and associated storage (S) or change in storage ΔS during the time period
investigated, as expressed in the following general equation:
P = R + E ± ΔS

[Eq. 2]

Where:
P: Precipitation [hm3/ time unit]
R: Runoff (s: surface, sub: subsurface, gw: groundwater) [hm3/ time unit]
E: Evaporation (s: surface, i: interception, t: transpiration)[hm3/ time unit]
ΔS: Change in storage over time[hm3/ time unit]
* Note: 1hm3 = 1 million m3
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Figure 3-2: The key components of the hydrological cycle (Source: EC, 2015)

In more details, looking at the functioning of the hydrological cycle and the dynamics of its different
components during a given time period, (P) reaches the soil surface and the vegetation where water
can be intercepted and evaporate directly (Ei) or stored (ΔS). Water can also infiltrate in the soil or
directly run off (Rs) if the amount of rainfall exceeds the infiltration rate capacity (rainfall excess). The
water infiltrated in the soil goes to the unsaturated zone (ΔSu) and recharges the ground water
(ΔSgw). Groundwater (Rgw) and unsaturated zone water (Rsub) can also contribute to river flows as
subsurface runoff. The vegetation roots absorb water that is transported to the stomata of the
vegetation leaves, where it goes back to the atmosphere as transpiration (Et). Water can also
evaporate directly from the soil or from the river (Es). The capillary rise brings water on the soil and
then water evaporates. These elements and their inter-relations are illustrated in Figures 3-3 and 3-4
and lead to the following formulation of equation 3:
P = Rs + Rsub +Rgw + Es + Ei + Et ± ΔS

[Eq. 3]

The runoff process contains three components (Kossida et al., 2012b): (a) the overland flow, (b) the
interflow, and (c) the baseflow. The overland flow (also known as surface runoff Rs or Hortonian
overland flow) occurs when the rate of precipitation (or snow melt) exceeds the interception
requirements and the infiltration rate / capacity. The excess water starts then to accumulate into small
surface depressions, and gradually forms an overland downslope flow, influenced along its course by
tension and friction. Eventually, as rainfall continues, this overland flow culminates downstream in the
river (or a topographic depression) through the main and secondary drainage network of the
catchment, eventually contributing to the streamflow. The interflow (or subsurface runoffRsub) is the
portion of infiltrated rainfall that moves laterally through the upper soil layers until it reaches the stream
channel. It depends on the physical characteristics of the catchments and the spatiotemporal
characteristics of the rainfall (e.g. in thin soils overlaying impermeable layers interflow is prominent,
whereas in permeable soils the downward infiltration dominates) (De Roo et al., 2012).The baseflow
(or groundwater runoff Rgw) is the portion of infiltrated rainfall that reaches the groundwater table and
then discharges into streams. It responds much more slowly to rainfall and does not fluctuate rapidly.
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In areas with seasonal rainfall baseflow gradually builds-up, peaking towards the end of the wet
season. In areas of limited outflow, the baseflow may be intermittent or seasonal (De Roo et al.,
2012). The overland flow together with the interflow are the two components of the Direct Runoff (De
Roo et al., 2012). The Direct Runoff, combined with the Baseflow Runoff (resulting from groundwater
runoff and/or delayed subsurface runoff) contributes to the Total Discharge (or streamflow) as
illustrated in Figure 3-2.

Figure 3-3: Schematic representation of the hydrological cycle (Kossida et al., 2012; adopted from
Raudkivi, 1979)

Figure 3-4: The runoff process components and their contribution to total discharges (Kossida et al.,
2012; adopted from Raudkivi, 1979)

Estimating the different storage capacities of a water system or catchment is key to the understanding
and analysis of the overall hydrological process. Water storage can occur in soil, groundwater, lakes,
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rivers, snow and glaciers or vegetation. Storage in vegetation is relatively limited as compared to the
total volume stored, although it can have a significant impact in the short-term on vegetation water
use. But other forms of water storage, such as in soils, lakes, glaciers, groundwater or snow (in
particular in Nordic and mountainous conditions) are important to study, especially in a context of land
use change. Climate change can impact any of the components of the water balance, in particular
precipitation and storage. For long-term averages under assumptions of stationary conditions, it is
often assume that the change in storage for an annual time step is marginal and equal to zero, yet this
is not applicable at the monthly scale.
The quantification of the components of Eq. 3 at a given hydrological unit in a given time period
requires the information from monitoring stations. Hydrometeorological networks provide information
on water flows into and losses from rivers, soils, lakes and aquifers, as well as on precipitation and
evaporation, in selected sites, depending on the design and density of the network. However, some
kind of inference is always needed since it is impossible to control every component at every place, so
the water resources assessment of Eq. 3 usually requires the use of rainfall-runoff models which are
properly calibrated at the control monitoring sites.
In a natural system with external inflows from neighbouring catchment and territories, the previous Eq.
3 can be further formulated as follows:
P + ExIn= Rs + Rsub +Rgw + Es + Ei + Et ± ΔS

[Eq. 4]

Where:
P: Precipitation [hm3/ time unit]
R: Runoff (s: surface, sub: subsurface, gw: groundwater) [hm3/ time unit]
E: Evaporation (s: surface, i: interception, t: transpiration) [hm3/ time unit]
ΔS: Change in storage over time[hm3/ time unit]
ExIn: External Inflow is the total volume of actual flow of rivers and groundwater entering the
hydrological unit of analysis from neighbouring territories/other units [hm3/ time unit]
*Note: 1hm3 = 1 million m3

In some cases, there might be some amount of water that is lost from the hydrological unit due to
naturally occurring groundwater outflow to neighbouring systems or to the sea (i.e. outflows from the
groundwater bodies which do not contribute to the baseflow but feed neighbouring systems or
discharge directly to the sea). This is common in karstic systems, coastal areas, islands, etc. This
amount should be then incorporated in Eq. 4 as a sink (External Outflow) and part of the right side of
the hydrological balance equation, but it is usually difficult to estimate.
The hydrological balance comprises of the physical parameters that are necessary to fully describe
the physical water volume of surface, soil, and groundwater resources. They span from parameters
which are products of direct measurements (e.g. precipitation, streamflow, groundwater level) and are
essential in identifying status and trends of actual available resources and linking them the Good
Ecological Status (GES), to parameters which are products of hydrological rainfall-runoff models (e.g.
actual evapotranspiration or change in water storage) essential in evaluating the availability side of the
balance equation or the dependency of a given territorial scale on external water inflows (European
Commission, 2015)
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4.

WATER BALANCE (WATER BUDGET)
PARAMETERS: TYPOLOGY AND ESTIMATION

4.1 WATER BALANCE ESTIMATION
The human (anthropogenic) activities, such as the water abstraction, the water transfers, etc.)
Influence the physical components of the hydrological balance equation, since water is either removed
from or added to the system, and thus the flows and storage capacity are changed. The changes in
the various land uses, such as urbanization influence as well the hydrological cycle, since the
infiltration and runoff processes are affected. The water balances (also known as water budgets)
capture the equilibrium in the physical system between inputs and outputs as modified by the human
intervention (Figure 4-1). In general, the water balance is described by the following equation, building
on the basic input-output components of the natural hydrological balance of the previous Equations 1
and 2:
INPUTS = OUTPUTS ± ΔS
Where:

[Eq. 5]

INPUTS = P + ExIn + RET
OUTPUTS = Eta + Outflow + ABS
P = Precipitation [hm3/ time unit]

-

P = Precipitation [hm3/ time unit]

-

ExIn = External Inflows is the total volume of actual flow of rivers and groundwater entering the
hydrological unit of analysis from neighboring territories/ other units [hm3/ time unit]. External
Inflow must not be confused with the inputs received from economic units (e.g. desalination, water
reuse) or the imported water since those are directed for consumption and only a part of them is
finally discharged to the rivers and groundwater via returns.

-

RET = Returned water is the volume of abstracted water, and/or water produced by economic
units, and/or imported, that is discharged to the fresh water resources of the hydrological unit
either before use (as losses) or after use (as treated or non-treated effluent). It includes water that
was directly discharged from a user (e.g. domestic, industrial etc. including cooling water, mining),
and water lost from the waste water collection system (as overflow or leakage). Internal transfers
in the hydrological unit such as artificial groundwater recharge with source-water generated within
(abstracted from) the hydrological unit, and/or recharges into rivers with source-water generated
within (abstracted from) the hydrological unit can be considered under the returned water
component for the current calculation purposes. Discharges to the sea are excluded [hm3/ time
unit]. Returned can be further broken dwon water into 2 components: R1 is the amount that is
released in-situ and returned in the system within the time unit and is practically a reduction in the
abstraction part, while R2 is the volume that is returned in the system at a next time step or ex-situ
(e.g. urban wastewater) and is practically an addition on the resources part. Cooling water can fall
under R1 or R2 depending on the type of industry and case).
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-

ETa = Actual Evapotranspiration[hm3/ time unit]

-

Outflow = The total volume of actual outflow of rivers and groundwater into the sea plus actual
outflow into neighbouring territories (outside the hydrological unit of analysis) [hm3/ time unit]
Note: Environmental Flow (EF) and other Water Requirements (WR) as defined e.g. by treaties
are a part of the Outflow)

-

ABS = The total volume abstracted from the system, from surface and groundwater resources,
intended for any use (consumptive, non-consumptive, transfer etc.). Water abstracted for
hydropower generation (in-situ use) should be excluded from the formulation of the water balance
equation, while water abstracted for cooling should be included.

-

ΔS = Change in Storage (both in surface water and groundwater as a lumped sum)

The Water transfers (i.e. the volume of exported or imported water) are included in Eq. 5 as part of
returns and abstractions respectively. Water generated from desalination is a “non-natural feature”
and thus the full volume of the available desalinated water is not considered as an input to the
freshwater resources. What is in fact considered an input in this case is the volume of water coming
from desalination and discharged to the freshwater resources after use. This is incorporated in the
Returned water. If all of the available desalinated water was considered an input, this would result in a
biased water balance equation since part of this volume is in reality consumed and thus not available
to the natural/physical system.

Figure 4-1: Schematic illustration of the simplified water balance (water budget) at river basin scale
including the hydrological balance parameters(Source: Kossida, 2009)
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Figure 4-2: Typology of the water balance parameters

As with Equation 3 and Equation 4 above, the Eq. 5 can be further refined reflecting the various
components of the hydrological cycle for both the physical parameters (e.g. inflow can be surface or
subsurface, evapotranspiration could be from surface or interception or transpiration, storage can be
surface or subsurface, etc.) and the anthropogenic induced activities (abstraction can be separated to
surface and groundwater, returned water before use or after use, etc.) (Figure 4-1, Figure 4-3) The
customization of Eq. 5 depends on the objectives and on the scale of the analysis. It is unlike that all
the refined parameters are needed or are of equal importance in all analyses (i.e. some are of low
importance or even negligible), and this relates of course to the selected boundaries of the unit of
analysis. Data availability is also a relevant issue here (i.e. monitoring networks are not designed to
measures all sub-parameters of the hydrological balance but are usually designed according to
specific situations taking into account the hydrological and geological background). For example, in a
small well-defined catchment (where its boundaries also correspond to groundwater divides), where
surface outflow occurs via a main river outlet and groundwater feeds the river system, then outflow
can simply be represented by the streamflow and baseflow (such ideal cases can of course be very
rare). In other cases, groundwater discharge can be estimated as the groundwater recharge
depending on the time step and the characteristics of the aquifer.
The water balances can be applied at various temporal and spatial scales. To capture the seasonal
variability and meet water management objectives, a monthly temporal scale is sussgested for
developing water balances. With regards to the spatial scale of implementation three different spatial
scales (from small to large) are relevant to reporting and/or monitoring: site-specific point data which
are linked to a specific water body), main aquifers, catchment/ River Basins (or national part of the RB
in transboundary rivers) of a size relevant to the desired analysis requirements A fourth scale,
administrative or statistical unit (such as the Governorate scale) is suggested as a scale for
aggregation and visualization (or reporting) purposes, as opposed to the primary calculation scale
which should ideally be the catchment scale.
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The water balances can be expanded and complemented with additional water quantity parameters
which are relevant to water accounting, water management and water policy, such as water use per
economic sector, alternative water supplies (desalination, reuse), water demands, conveyance
efficiency and losses, or economic information on the main water users (e.g. yields, income
generated, etc.). The relevance of including or excluding specific water components will depend on the
key water management questions that need to be addressed, on the importance of quantitative water
management issues for a given country/

area, and on the specificities of the river basin being

assessed.

Figure 4-3: Schematic illustration of the water flows and transfers in a river basin (Source: adopted from
Australian Government, Bureau of Meteorology, Supporting information for water accounting statements,
Perth Region)

4.2 WATER BALANCE PARAMETERS
When analyzing the water balance, we need to properly assess the water availability side and the
water demand-related side of the balance. The water availability parameters of the water balance are
summarized in the following chart (Figure 4-4).They are grouped under 3 main categories, namely
hydrological parameters (which include e.g. precipitation, evapotranspiration, inflow, etc.), water
storage parameters (e.g. snowpack, changes in groundwater and surface water storage), and the
additional water resources parameters (which include e.g. return flow, reused water, water imports,
etc.) as explained in the previous section. While the analysis of this parameters is done at a relevant
areal unit/ scale of analysis (e.g. river basin scale), many of the data feeding these calculations are
point data. For example, when analyzing the water balance of a river basin, precipitation data come
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from rain gauges located within the unit of analysis (or in very close proximity) and need to be preprocessed in order to be converted to areal precipitation. Streamflow data are measures at selected
gauges located within the river basin, so the existence of very upstream and downstream stations are
very important in order to define the respective external surface water inflows to and outflows from the
basin. The same applies to groundwater. The changes in groundwater storage need also to be
assessed on the basis of groundwater levels data from boreholes located within the river basin. Thus,
caution is necessary when aggregating and disaggregating the data since the scales do not
necessarily match.

Figure 4-4: Overview of the water availability parameters of the water balance (Source: Kossida and
Mimikou, 2009)

The water demand side of the water balance equation relates to the water abstraction (Figure 4-5).
The main parameter to be evaluated in the volume of freshwater abstraction from the surface and from
the groundwater sources separately. Additional important parameters to know are the losses which
occur during the transport and use stages, since those may actually represent a return flow to the
groundwater, as well as the non-freshwater resources in case they exist (e.g. brackish water) since
part of this water may also end up in the system through returns. Groundwater available for annual
abstraction is also relevant to define. Illegal abstractions are important in the water balance equation
since, if not incorporated under the total volume of abstracted water, the equation can result in a
misleading equilibrium. How to calculate them in practice is challenging (e.g. through past data on
illegal water use, via satellite data on soil moisture, via proxies comparing existing registered
abstractions to water demand, etc.), and this adds, of course, uncertainty to thewater balance
accuracy.

Figure 4-5: Overview of the water demand-related parameters of the water balance balance (Source:
Kossida and Mimikou, 2009)
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5.

GUIDELINES WHEN PREPARING WATER
BALANCE ESTIMATES

5.1 GENERAL PRINCIPLES
▪

When selecting an accounting unit for developing a balance (water budget), a careful selection
of boundaries is necessary and can greatly facilitate the accounting process

▪

There is often a mismatch of scales, hydrological vs. administrative boundaries

▪

Accurate measurements and/or estimates are important, yet often difficult (e.g. illegal
abstractions)

▪

Water quality poses additional constraints to water availability since its limits some uses,
needs to be considered

▪

All water-budget calculations contain some uncertainty. There are two general sources of this
uncertainty: natural variability of the hydrologic cycle and errors associated with measurement
techniques

5.2 SELECTION OF SPATIAL AND TEMPORAL SCALES
Defining the correct spatial and time scales for developing water water balances are is a
methodological challenge that needs to consider various elements, such as the data availability, and
resources, and the policy and management needs.
Spatial scale: If the selected spatial scale is too coarse (e.g. group of river basins, Governorate level),
it will hinder the identification of the local issues, since the prevailing water stress in one area can be
leveraged by the others. At the opposite, developing water balances for very small water units (e.g. a
group of fields or a municipality area) will not help identifying water management challenges that could
be addressed by changes in water management rules and strategies developed and applied at the
water catchment, river basin or sometimes regional/national scales.
Temporal scale: While an annual temporal resolution may be suitable for policy-level assessments, it
may be problematic for management purposes since it hides the seasonal variability which is
embedded in the rainfall patterns as well as in the water abstraction trends. Yet, the monthly scale can
in some cases fail to capture the intra-annual variability (especially since water flows and stocks
considered in water balances do not have the same time response) thus water balances building on
inter-annual or multi-annual averages values are also recommended as complimentary.

5.3 DATA AVAILABILITY AND RELIABILITY ISSUES
Uncertainty in estimates of the main water balance output indicators is inherent to the water balance
development and calculations. Uncertainty is explained by a combination of factors such as the
accuracy of input data and measurements used to estimate key parameters of the water balance, or
the application of specific estimation techniques, building for example on model simulation, that cause
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uncertainty in the values of parameters estimated. Some of the water balance components, such as
precipitation, streamflow, groundwater levels, which are directly or indirectly needed to establish the
water n\balances, are easily measurable, and measured routinely. Yet, other components, such as the
evapotranspiration, water returns etc. are note routinely monitored and measured. Even for the easily
retrievable data, availability of time-series of an adequate length, and without gaps is not always
guaranteed, and thus quality ontrol and gap filling processes may need to be mobilized, on top of the
aggregation techniques to convert the point measurements to areal coverage data. All these
estimation and ,odeling techniques (in the case of the non-measured data) can introduce further errors
due to non-harmonised definitions, poor methodology or interpretation, or bias occurring in the
aggregation of primary datasets from different sources and scales. Error can further propagate in
simulation models used to represent the salient features of the water cycle or mimic the anthropogenic
activities (i.e. water abstraction, land use change, etc.), due to the inherent difficulty in reproducing the
behavior of a dynamic physical system. In any case, reliable and frequent measurements, and the
existence of larger time-series are the base of a sounder (less uncertain) water balance. Building thus
a relevant knowledge/ data base and turning it into an effective tool requires an important work, and
presupposes working relations and data exchange between the relevant stakeholders and institutions
who either monitor, collect or assess and use the data. Thus, it is important that data collection staff
work in a co-ordinated way with those working on water resource assessment, so that data continues
to be relevant to current problems, adequate for the assessments and so that data users can rely on
the quality of the data (European Commission, 2015). The reliability of water balance estimates will
depend on the conceptual model development and is conditional to the amount of data available

5.4 ACCURATE ACCOUNTING OF ALL INFLOWS AND
OUTFLOWS
Water resources availability as a term is used in very different ways, addressing separate or combined
water volumes that are part of the water system. Notions and indicators such as ‘natural resources’,
‘renewable water

resources’, ‘exploitable water resources’ are often confused with no clear

understanding of differences between these concepts (European Commission, 2015). The existence
of non-conventional water resources adds further complexity in the accounting process, as to if and
where these resources should be added. The actual availability of water resources can be restricted if
part of the water resources are practically unrecoverable due to specific geological and morphological
conditions (i.e. deep aquifers, direct discharges to the sea in coastal aquifers, water sinks in karstik
systems). Environmental and other requirements such as transboundary treaties and international
conventions need to be considered as when developing a water balance, as these can limit the water
available for exploitation and use for consumptive purposes. It is recognized that the percentage of the
mean annual river flow or baseflow that needs to be allocated to freshwater-dependent ecosystems to
maintain them in good ecological status should consider the temporal variability of the environmental
demand and the seasonal natural variations to account for the functioning of river ecosystems. It
should also consider aquifer sustainability, i.e. the impact on groundwater level and groundwater
quality of related groundwater bodies. Water quality issues may finally further constrain the availability
of water resources for specific uses.
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As previously mentioned, external inflow must not be confused with the inputs received from economic
units (e.g. desalination, water reuse) or the imported water since those are directed for consumption
and only a part of them is finally discharged to the rivers and groundwater via returns. The water
balance aims to represent the balance of the natural system (focusing on the freshwater environment)
and not that of the water supply system. Thus, water imports or alternative desalinated water, which
are stored in the water supply system are not explicitly incorporated as sources/inputs, since a part of
them is consumed. Only the volume (of imports and desalination) that is discharged to the fresh water
resources is of interest here, and this is incorporated in the water balance through “returned water”.
The full volumes of imported or desalination generated water are of course relevant in water
accounting and water supply management since they represent inputs received from economic units
to the water supply and management system. Regarding water reuse, it has a beneficial impact since
it reduces the volume of abstraction needed, at the same time it reduces also the potential available
volume of returned flow. It is seen here as an intermediate step in the process and hence not explicitly
relevant to the water balance, yet relevant to water accounting and water management. Returned
water is an important component of the water balance, and includes the volume of water discharged to
the fresh water resources of the hydrological unit either before use (as losses) or after use (as treated
or non-treated effluent). This water might have originated from abstraction, imports, desalination or
other economic units’ production. It includes water that was directly discharged from a user (e.g.
domestic, industrial etc. including cooling water, mining), and water lost from the waste water
collection system (as overflow or leakage). In some cases there may be some “internal water
transfers” from one water body to another, within the hydrological unit of analysis. Although in terms of
overall equilibrium of the hydrological units these transfers may be evened out, they need however to
be correctly represented since they might be significant for the specific water bodies, and/or temporal
and spatial scale of analysis. Such internal transfers include artificial groundwater recharge with
source-water generated within (abstracted from) the hydrological unit, and/or recharges into rivers with
source-water generated within (abstracted from) the hydrological unit. These cases, for the purposes
of the water balance equation [Eq. 5] can be included under “abstraction” (for the loosing water body)
and “returned water” for the receiving water body. Caution is again needed here how to correctly
represent these special cases in the water balance (in order to avoid double-calculations) and also
how to make it transparent to water agents not to infer anything about the water use characteristics of
those water users from the water balance equation. The calculation of returned water is challenging,
and data on conveyance efficiency and losses (although not components of the water balance as
such) are necessary for estimating the returns.

6.

POLICY RELEVANCE OF WATER BALANCE
ASSESSMENTS

6.1 BENEFITS OF APPLYING WATER BALANCES
Water balances are key to the identification and quantification of the overall pressures, understanding
over-exploitation or capturing the relative importance of illegal groundwater water abstraction, but can
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also provide the information base for the identification of significant beneficial activities which could be
affected if the water resource allocation policies were to be changed. Thus, they can help both the
high-level policy-makers as well as the water managers.With regards to policy, they help address
fundamental policy-relevant questions:
▪

How much water do humans use?

▪

How much water do ecosystems need to flourish?

▪

How much water is available for humans and ecosystems? Are our practices “tapping” into the
renewable resources and thus our sustainability (water stress, over-abstraction, etc.)?

▪

Where is this water?

▪

How does the hydrologic cycle naturally change over time?

▪

In what ways do human activities affect the hydrologic cycle?

▪

How will changes in the hydrologic cycle affect water availability and use, and in-turn socioeconomic development?

▪

What effects do uncertainties in estimates of the water budget parameters have on our
understanding of water budgets in general and of the availability and sustainability of water
resources in particular? How can we minimize these uncertainties?

By applying water balances, water managers can also get multiples benefits: (European Commission,
2015):
▪

Better understand whether the water resources are “at quantitative risk” or not, and the gap
towards achieving a good quantitative status

▪

Identify drought and water scarcity conditions which affect both the environmental and the
socio-economic welfare

▪

Obtain a good overview of the spatial and temporal variability of water resources, under
current and future (scenario building) conditions in order to design, identify or bridge the gaps
of appropriate allocation schemas.

▪

Develop a common understanding of the relevant assessments when applying water balances
within the general proposed framework of this guidance document.

▪

Identify “where best to target efforts” (be it identifying areas where action is needed due to
existing or future water stress, reducing abstraction from a given use, focusing on runoff,
increase storage, develop reuse, etc.) when selecting measures for improving the quantitative
state of water resources.

▪

Have a solid base for additional water resources assessment and management at various
scales: runoff estimation, groundwater recharge potential, nitrates mass balance, waterenergy nexus, e-flows and good ecological status determination, input to real-time analysis,
operation and forecasting.

▪

Have a coherent framework for combining and structuring hydrological and socioeconomic
information on climate, water resources in different compartments, water uses (abstraction,
discharge…), etc.

▪

Facilitate the identification water quantity priority data flows and identify possible data gaps.
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▪

Have a common platform for building a “shared understanding” of issues between
stakeholders and different water users, as all are represented by one or more components of
the water balance.

▪

Contribute to the development of a nation-wide and region-wide knowledge with coherent and
comparable data, harmonized definitions and common understanding of the relevant
assessments when applying water balances within the general proposed framework of this
guidance document.

▪

Facilitate reporting to international conventions and obligations (e.g. OECD, FAOSTAT)
including a better structuring of the water-quantity related information

▪

Provide sounder arguments as part of communication and awareness raising.\

6.2 PROPOSED INDICATORS TO COMPLEMENT WATER
MANAGEMENT ISSUES
The different components of the “hydrological balance” and “water balance” convey information of the
state of the inputs and outputs at a reference times, and their changes

between two different

reference periods (generally at the start and at the end of an annual hydrological cycle). These
components are dynamic (even within the hydrological year), subject to trends and influenced by
natural and anthropogenic drivers, such as climate changes, water demand, land use change, flow
regulations.
Water balances can be expanded and complemented with additional water quantity parameters which
are relevant to water accounting, water management and policy, such as water use per economic
sector, alternative water supplies (desalination, reuse), water demands, conveyance efficiency and
losses, or economic information on the main water users (e.g. yields, income generated, etc.) as
indicated in the following Figure 6-1 below. The relevance of including or excluding specific water
components will depend on the key water management questions that need to be addressed, on the
importance of quantitative water management issues for a given country/area, and on the specificities
of the river basin being assessed.
The different water quantity indicators presented here are classified under four main categories (linked
also to different applicable spatial scales) related to the: hydrological cycle, water balance, water
accounts, water management and policy. There is a clear rationale behind this escalating
classification.
The “hydrological cycle” group comprises of the indicators that are necessary to fully describe the
physical water volume of surface, soil, and groundwater resources. The “hydrological cycle”
indicatorscan be expanded into “water balances” by including anthropogenic components which alter
the physical balance (abstractions and returns, as shown in Eq. 5). These are key to the identification
and quantification of the overall pressures, but can also provide the information base for the
identification of significant beneficial activities which could be affected if the water resource allocation
policies were to be changed. Further on, the “water accounts” framework introduces a human
dimension (e.g. making water use per sector explicit, specifying water reuse or accounting for
seawater desalination) that help identifying pressures on water resources as well as on the water
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supply, and possible mismatches between water availability and actual, potential or desired water use.
This provides further grounds to supporting policy reforms. The “water accounts” category also
includes purely economic indicators on the main users (e.g. agricultural yields, income generated,
etc.) linking production values to availability and water use. This could help linking the protection of
water resources to economic development, or identifying possible barriers imposed by existing water
imbalances. Finally, the “water management and policy” category provides a wide and comprehensive
view by complementing knowledge of the previous categories (hydrological cycle, water balance,
water accounts) with additional indicators on conveyance efficiency, losses and water demand for the
main users. It is thus further supporting the identification of water conservation potential and
improvements in water efficiency, the identification of potential (and future) water stress (as a
mismatch between availability and demand), the evaluation of water supply sustainability, or the
evaluation of trends in water balance resulting from future (baseline) trends in water demand. It has to
be noted that the list of indicators relevant for water management and policy are not exhaustive here,
i.e. the most relevant to the water quantity/ water balance aspects are presented. Many more
parameters are relevant in view of an integrated water planning and management (including drought,
climate change adaptation, etc.) but are beyond the focus of the current report.

LDK Consultants Engineers & Planners SA

Page 25

Sustainable Water Integrated Management and Horizon 2020 Support Mechanism
This Project is funded by the European Union

Figure 6-1: Relevance of the water quantity related indicators to different spatial scales and key policy questions (Source: Kossida and Mimikou, 2013)
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