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Chapter 3 THE DATA COLLECTION AND COMPILATION PROC ESSES

This chapter is based on the list of data itemhefiIRWS. The different sources of data are dsetisis well
as the particularities of the data correspondinditierent aspects of the natural and economic meyeles.
The importance of prioritizing the data items adaog to each country’s water policies are highleght

The methodologies to collect data are discussatiiding the use of water monitoring networks, sysye
censuses and administrative records. How and whtmates should be used is another topic of thpter.

The chapter also addresses the issues of datageditiputation and validation. The chapter alsdudes a
description of any relevant adjustments that aexdad for the water accounts. The explanationsllastrated

with several examples and exercises.

I.  Physical data items of stocks and flows within thenvironment

. Surface water stocks (data items A)

. Groundwater stocks (data items A)

. Precipitation and Evapotranspiration (data itenang C.2)

. Inflows and outflows to/from other territories atie sea (data items B.2 and C.2)
. Other flows within the environment (data items D)

Il. Physical data items of flows to/from and within theeconomy

. Abstractions of water (data items E)

. Water supplied and received by economic units (tiewas F and G)

. Returns of water (data items H)

. Losses (data items 1)

lll. Physical data items related with polluting releases

. Wastewater supplied and received (data items F=nd

. Wastewater returns (data items H)

. Waterborne releases to the economy and emissiates ifdms J and K)
IV. Monetary data items

. Value and costs of water and sewerage services ifdats L)

. Taxes, subsidies and investment grants (data it¢easd N)

. Assets, investments and depreciation (data itertts@

. Tariffs and charges for water supply and seweragdces (data items R)
V. Social demographic data items

. Main source of drinking water used by populatiod®G, data items S)

. Main type of toilet and sewage disposal used byfaijpns (MDG, data items T)
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1. Physical data items of stocks and flows withithe environment, subheadings A
to D in the IRWS

Physical data items of stocks and flows withine¢hgironment include the following:
A. Inland water stocks
A.l. Surface water stocks
A.2. Groundwater stocks
B. Inflow of water to a territory’s inland watersources
B.1. Precipitation
B.2. Inflow of water from neighboring ternites
C. Outflow of water from a territory’s inland watesources
C.1. Evapotranspiration from inland wateiorgses
C.2. Outflow of water to neighboring terrigs and the sea
D. Natural transfers between other resourcesdndiritory
D.1. From surface water to groundwater
D.2. From groundwater to surface water
D.3. Between surface water resources
D.4. Between groundwater resources

The natural cycle of water, the hydrological cyatolves connections between the atmosphere, the
oceans, and land surface and sub-surface, as shata following figure.

Figure 3.1.1 The water cycle
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Source: UNSD.- SEEA-CF 2012. Figure5.11.1.

The SEEA-Water focuses on the inland water ressuwta country or territory and the flows of water

to and from the economy of that country or tergitoinland water resources include surface water,
groundwater and soil water within the boundaries aountry or territory. The data items that are
collected for water accounts are described below:
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Stocks of water resourcegdata itemA) includesurface water stockgdata itemA.1), groundwater
stocks(data itemA.2), andsoil water stocks(data itemA.3).

Surface water stocksinclude, among others, the water storedaitificial reservoirs (data item
A.l.1) andlakes(data itemA.1.2). Usually the different water management agencaeep track of the
volume of water stored in artificial reservoirs dalles. The depth of water in artificial reservarsl
lakes is measured using measuring sticks (limnimgetpermanently installed in some specific
locations of the reservoir or lake. The depth aftew is transformed into volume using storage
capacity curves. Usually daily, or sometimes eVemrly, measurements are available. The
availability of the measurements depends on thevasice of the reservoir or lake for water
management. The volume of water in reservoirslakes used for flood protection has to be closely
monitored especially during a storm. Also, ari#icreservoirs and lakes used for water supply or
hydroelectricity are constantly monitored.

Measuring the volume of water nivers and streams(data itemA.1.3) is usually considered not
relevant for water resources management and malffipilt to properly use when compiling water
accounts, so for most cases it is recommendedonage them in the accounts. The volume of water
in wetlands (A.1.4)may also be difficult to obtain. In some casdesaare classified as wetlands.
The volume of water isnow, ice and glacierg¢data itemA.1.5 may be difficult to estimate, but may
be relevant for some countries.

Groundwater stocks (data itemA.2) are not as readily available as the informatiarsorface water
stocks. Groundwater stocks may be estimated flenwiater tables in aquifers based on records from
piezometric measurements in different points.s Nery important to first understand the delimaati

of the different aquifer systems of the countryesritory.

Soil water stocks(data itemA.3), which is the amount of water in the unsaturddgers of soil, may
be harder to measure or even to estimate.

Stocks of inland water resources are_increasely precipitation and inflows of water from other
countries or territories. Also economic activitimsd households may increase the stocks of inland
water resources by returning some or all the wéiey abstracted, as will be described in the
following section of this chapter.

Precipitation (data itemB.1) within countries or territories is usually one tbe main sources of
renewable water resources. Data about precipitaioollected daily or even hourly through
meteorological or climatologic stations, usuallyemded by national meteorological agencies. The
national meteorological agencies may work in cawation with other agencies, which due to the
nature of their activities, collect meteorologieald climatic data (e.g. agencies in charge of &gt
production, airport authorities, etc).

For water accounts the data collected in the diffestations (points) has to be aggregated to robtai
the total volume of precipitation falling in therfiéory. In order to aggregate data from eachictat
which is expressed in height units (e.g. millimster inches), it is necessary to determine a wedght
average of the precipitation based on the areaflfeince of each rainfall gauge as will be desctibe
bellow.
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Inflows of water from upstream countries or territories (data itr8) is another important source of
renewable water for many countries that share slagels or river basins (transboundary watersheds).
They include surface and groundwater naturally iihgyvfrom the neighboring territories.  Inflows
include the flows of rivers or streams crossinglibeders of two countries, and the flows of therss

or streams that are used as borders. For the ifattenecessary to estimate the share of thedvongl
river or stream that corresponds to each of thddyorg countries. The flow of groundwater from one
country to another may be more difficult to traaad few agreements or treaties between countries
consider it.

Data about the amount of water flowing through steoundary rivers may be collected regularly using
stream gauges. If there is a treaty among théaees sharing the watersheds, the amount of water
crossing the borders may be clearly specified (damB.2.1), and it may be regularly monitored by
the transboundary agency set in place for the camge of the treaty.

Groundwater flowing across borders is difficult toeasure and only estimates, based on the
characteristics of the soil and precipitation patemay be available.

Stocks of inland water resources are decreasdyy evapotranspiration, outflows to other countoes
territories, and the sea. Also, economic activiaesl households may decrease the stocks of inland
water resources by abstracting water, as will lseileed in the following section of this chapter.

Evapotranspiration (data itemC.1) is the total quantity of water transferred frohe tEarth to the
atmosphere. A large portion of the precipitatiomlimost immediately returned to the atmosphere as
evaporation and transpiration. The rest of theipr@ation, often called effective precipitatioralls

on the ground and flows through the territory (détan D) as surface runoff or as infiltration ireth
soil.

The evapotranspiration is not regularly measurethasprecipitation is. The evapotranspiration is
estimated through several methods. Often the é¢ragpiration is estimated as a residual of
precipitation less the amount of water that flowssarface runoff and the amount that percolates or
infiltrates underground recharging the aquifersun®&f and infiltration are estimated using empikica
coefficients specific for each territory. Measussts from stream gages also provide data useful for
the estimation of the runoff. Estimates of thepmteanspiration can be provided by the agency in
charge of calculating the water balances (or watielgets), typically the Ministry or Agency in charg

of water resources management. Evapotranspirédiata item C.1) should not be confused with the
potential evaporatioomeasured with pans (pan evaporation) in climaiolagations, nor with the
reference evaporation (E)Tused for calculating crop evapotranspirationifiegation plans.

Outflows of water to downstreamterritories(data itemC.2.1)is the same as inflows of water (data
item B.2) described above, but viewed from the sildie upstream territory.

Outflows of water to the seadata itemC.2.2 include surface and groundwater “naturally” flowyi

to the sea. They include the amount of water frivers and streams that flow to the sea. They also
include the amount of groundwater flowing to the.sdf there are stream gauges at the mouth of
rivers then these measurements can be used toasstihe total amount of surface water flowing to
the sea. The flow of groundwater to the sea isendlifficult to estimate. Estimates can be made by
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the specialists based on the soil characteristick measurements of the piezometric levels of the
water flowing to the sea.

Natural transfers between other resourcesn the territory occur between surface, groundwatel
soil water resources. It is common to simplify ti&ter cycle as precipitation falling on the sdihia
item B.1), then becoming surface water (data ite®) Dr groundwater by infiltrating to the aquifers
(data item D.6), or simply returning to the atmacesghby evapotranspiration (data item C.1). Water
eventually leaves the country or territory by flogito the sea (data item C.2.2) or flowing to aapth
country or territory downstream (data item C.2.%g figure 3.1.2 below.

Figure 3.1.2 Simplified diagram of flows of the natral water cycle
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Natural flows are affected by abstractions and rrstuwf water done by the different economic
activities and households, as will be describetthénnext section of the chapter.

Integrating data into the accounts

The data available from different sources has toptmeessed in order to be incorporated in the
accounts. The data items corresponding to theohygic cycle need to be combined with data about
flows to the economy and from the economy (abstast[E], returns [H], and losses [l]), which will
be described in the following section of this clespt

It is unlikely that a country has information abalit the data items, therefore it is important & s
priorities in the process of data collection anchpdation.

The table below shows the standardized asset actahla with the data items needed to complete it.
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Table 3.1.1 Physical asset account for water resares showing relevant IRWS data items

Artificial Rivers and Glaciers,
X Lakes Wetlands | snow and | Aquifers | Soil water TOTAL
reservoirs streams .
ice
i Opening | Opening Opening Opening Opening Opening A.1 +
Opening stock of water ALl Al.2 Al4 A.15 A2 Opening A.2
Additions to stock
Precipitation| B.1(1) B.1(2) B.1(3) B.1(4) B.1(5) B.1(6) B.1(1to6)
Inflows from other countries B.2 (1) B.2 (2) B.2
Inflows from other inland water| D.2+D.3+D.5 D.1+D.4+ D.1+D.2+D.3+DJ4
resources D.6 +D.5+D.6
Returns| H.1.1.1 H.1.1.2 H.1.1.3 H.1.1.4 H.1.2+1.1 H1+I.1
Reductions in stock
Evaporation and/or transpiration| C.1.1(1) | C.1.1(2) C.1.1(3) C.1.1(4)* Cl-C11 C.1
(evapotranspiration) (1to 4)
Outflows to other countries C.2.1(1) C.2.1(2) C.2.1
D.1+D.3 D.2+D4 D.5+D.6 [D.1+D.2+D3+D4
Outflows to other inland water resources +D.5+D.6
Outflows to the sea C.2.2(1) C.2.2(2) C.2.2
Abstractions| E.1.1.1 E.1.1.2 E.1.1.3 E.1.1.4 E.1.2 E.1

. Closing Closing Closing Closing |Closing A.2 Closing A.1 +

Closing stock of water ALl Al.2 Ala4 ALS5 Closing A.2

Source: adapted from table 5.11.2 of the SysteEnefronmental-Economic Accounts (SEEA)

The information shown may be too much to be cadléain a first stage. Therefore the table can be
constructed with a first set of data items as shbelow. The following table shows the most relevant

data items, which could be used in a first stagereliminary accounts.

Table 3.1.2 Physical asset account showing IRWS datems to be collected on a first stage

Artificial Rivers and . .
. Lakes Aquifers | Soil water TOTAL
reservoirs streams
. Opening Opening Opening Opening A.1 +
Opening stock of water A.1.1 A12 A2 Opening A.2
Additions to stock
Precipitation B.1 B.1
Inflows from other countries B.2 B.2
Inflows from other inland water,| D.5 D.6 D.5+D.6
resources
Returns H.1.1 1.1 H1+1.1
Reductions in stock
Evaporation and/or transpiration C1 C1
(evapotranspiration)
Outflows to other countries C2.1 C.2.1
Outflows to other inland water D.5+D.6 D.5+D.6
resources
Outflows to the sea | C2.2 C2.2
Abstractions E.1.1 E.1.2 E.1
. Closing Closing Closing A.2 Closing A.1 +
Closing stock of water A.1.1 A12 Closing A.2
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In the table above it is assumed that simply @lghecipitation (data item B.1) falls on the whialed
area of the country, without identifying the pratapion that falls on the reflecting pools of adiél
reservoirs, lakes, and wetlands, which typicallyresent less than 10% of the area of a country.

All the evapotranspiration (C.1) is lumped into sl water column. It is assumed that the water
falling on the soil either runs off as surface wdi2.5) or infiltrates to aquifers (data item D.8)ater
entering the country or territory is in rivers astteams (B.2). This simplification provides the
following equation:

B1-C1-D5-D.6=0

Therefore, the evapotranspiration can be estimadeidllows: C.1 = B.1 — D.5 — D.6. This equation
and more detailed ones are used for water balashwes by water agencies and ministries. Water
balances are a very important source of informdtonhe water accounts.

A brief description of the raw data and processiegded to incorporate the data in the accounts is
described below.

Data item Raw data that can be used Processed datafor the accounts

A.1.1 Water stocks in .
artificial reservoirs

Water levels measured in
limnimeters at different
points in time.

Storage capacity curves.

Integrated inventory of
artificial reservoirs.
Volume of water at the

beginning or end of each yea,

or even of each month.

Also useful to have volume o
water at the beginning or end
of each month.

f

A.1.2 Water stocks in .
lakes

Water levels measured in
limnimeters at different
points in time.

Storage capacity curves

Integrated inventory of lakes.
This inventory could be
integrated to the inventory of
artificial reservoirs.

Volume of water at the

beginning or end of each yea,

or even of each month.

Also useful to have volume o
water at the beginning or end
of each month.

f

A.1.3 Water stock in .

Flow of water measured in

Not recommended to conside

b

rivers and streams stream gages. To be used for as a stock or water.
estimating flows and not
stocks.

A.1.4. Water stock in » For some wetlands, possibly e« If the wetland can be

wetlands

water levels measured in
limnimeters at different
points in time.

Estimate of the volume of
water in wetlands.

considered a lake, integrate i
inventory of lakes and proces
as a lake.

Other wetlands can be
incorporated in a specific
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Data item

Raw data that can be used

Processed datafor the accounts

inventory of wetlands.

A.1.5. Water stock in
snow, ice and glacier

1°2)

» Estimates of the volume of
snow, ice and glaciers.

« Water content in volume of
snow, ice and glaciers.

A.2 Groundwater
stocks

* Piezometric levels at some
points.

* Inventory of aquifers (specify
delimitations).

» Estimates of the volume of
water at the beginning or end
of each year.

A.3 Soil water stocks

e Estimate of humidity in the
soil at different points in
time.

» Estimate of the volume of
water in soil. Need to separate
from wetlands (configuration
defined) and aquifers (areas
with 100% saturation).

B.1 Precipitation

» Dalily precipitation data by
climatologic station.

* Average annual precipitation
volume for the whole country
or territory, or by hydrologic
units. Precipitation can be
added is available as volume|
or converted if height and arga
are provided.

* Also, as a reference, long term
average annual and monthly
precipitation (“normal”
precipitation) expressed as
height and as volume.

C.1 Evapo-
transpiration

» Daily evaporation measure
in climatologic stations
using evaporation pans.

* It can be estimated as the
difference between total
precipitation less surface
runoff and infiltration (see
explanation above).

B.2 Inflows from
countries upstream.

» Data from stream gages.

» Data from reservoirs share
with the country upstream.

e Information of international
treaties for transboundary
watersheds and aquifers.

* Annual volume of surfac
water flowing from oneg
country to the other.

* Also, estimates of the annual
volume of groundwater
flowing from one country to
the other.

D

D.5 Surface runoff

« Data from stream gages

* Annual volume of surfac
water that would flow in 3
watershed if no abstractior
and returns existeq
Information from watel
balances by hydrologic units.

D

=
(72}

D.6 Infiltration to

e Piezometric levels, aquife

r

 Annual volume of water that

aquifers configurations, types of soil. infiltrates to the aquifers.
C.2.1 Outflows to » Data from stream gages. + Same as B.2, but in relation to
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Data item Raw data that can be used Processed datafor the accounts

countries downstreamp  « Data from reservoirs shared downstream countries.

with the country

downstream.
C.2.2 Outflows to the » Data from stream gages  Annual volume of water
sea discharged to the sea by rivers

and streams.
e Also, estimates of the volume
of water discharged by
aquifers to the sea.

Processing water stock data

Surface water

Data on surface water stocks may be easier torotitan that of other water stocks. It is therefore
advisable to start the data compilation proceshk sutface water stocks.

An inventory of artificial reservoirs and lakesusually the starting point. For each artificeservoir

or lake it is important to collect data about tharage capacity, as well as the volume of wateresto

at regular intervals of time (once a year or evececa month). The level of water is usually meagur
as depth of water in the reservoir or lake. Thatldef water is transformed into volume using sgera
capacity curves, which may change with time dusilttng of the reservoirs. Bathymetric studies
have to be performed in order to redefine the gumétion of the reservoirs and lakes, and determine
the storage capacity curves when they change beegrdars (usually through long periods of time).

Long time series of water stocks in specific lakad reservoirs, as well as the aggregated datk of a
the lakes and reservoirs of a country or territary useful for understanding the cyclic variatiofs
precipitation and runoff in a country or territorythe graph below shows the volume of water stored
in a lake from 1942 to 2009 (for the' bf January of each year). The graph is helpful fo
understanding the cycles of droughts. Most likety,the area of the example, severe droughts
occurred around the years 1954, 1990, and 2002.
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Figure 3.1.3 Water stock in a lake 1942 to 2009
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Groundwater

For groundwater stocks it is useful to create aembory of aquifers and identify the volume of wate
recharged to each aquifer, as well as the amouwhtdr abstracted through specialized studiess It
necessary to first define the configuration of thguifer systems (recharge area, storage zone,
discharge area, etc.) Piezometric levels at diffepoints of the aquifer can be useful for identify
changes in stock of water of each aquifer. Al tinformation is collected and process by the aigsnc

in charge of water resources management. waterume&s® ministry, water agency, or water
commission.

Processing water flow data

The following figure depicts the main natural floeswater in a country or territory. The red casl
show the points in which the flows are traditiopatieasured: B.1(precipitation) is measured with rai
gages in climatologic stations, B.2(1) (surfaceendtom neighboring territories), D.3.c (flows from
rivers to other surface waters) and C.2.2.a (sarfeater to the sea) are measured using stream gages
located at selected points of rivers and streagmpirical coefficients and models are used to esm

the other flows, which may be calibrated usingrtteasured flows.
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Figure 3.1.4. Typical points of measurement of thBows of the natural water cycle
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In order to obtain the precipitation of a countnfterritory it is necessary to convert the preapan

data collected in different stations located thioug the territory into a total volume of watem |
order to do this, an “area of influence” has toassigned to each data point, to compensate for the
irregular distribution of the stations.

There are different methods to obtain the predipitaof a country or territory based on the datarfr
rainfall stations. A widely used method is the&4sen polygons method, which consists on dividing
the territory into regions surrounding each raingshtion. The resulting regions are such tharyeve
point inside of them is closer to the station taakiht belongs than to any other station. Thishodt

in mathematics is known as the method of Voronagchms.

Also, the isohyets can be drawn by interpolatirg different data points in order to obtain curvés o
equal precipitation. From the contours formed ipossible to determine the volume of precipitation
that fell on a territory.

The methods mentioned above can be applied usingr@ghic Information Systems (GIS) software.

Sometimes it is necessary to average precipitéiodifferent regions. For this, it is importaot tise
the area of each region to obtain the volumes @fipitation, which can then be added.
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PRECIPITATION EXAMPLE (Akvokolekta country):

According to the Meteorological Bureau of the coyrdf Akvokolekta, the average precipitation|i
the territory in 2010 was 601 mm. Since the afeth@ country is 2 395 kfithen the total volume g
precipitation in the country in 2010 was:
2 395 knf x 601 mm x 1000 000 fikm? x 0.001 mm/m = 1 439 395°m
Which is equivalent to 1.44 million cubic meterslo44 hni.

—_— —
>

The Water Resources Unit of Akvokolekta estimated the evapotranspiration in the country in 2010
was of about 58% of the precipitation:
Evapotranspiration = 1.44 K 0.58 = 0.835 hrh

The following data is necessary for water accounts:

* Annual accumulated precipitation: precipitatiorife during the year in a country or territory.
It is useful to have long time series in orderdenitify variations through the years.

* Annual normal precipitation: normal is a long teawerage used for climatologic variables. It
corresponds to the annual average for a periodaofears or more (e.g. 1961-1990, or 1971-
2000).

« Monthly normal precipitation: the average monthhegpitation for a period of 30 years or
more. This information is useful to identify thenaial pattern of rain, in many cases with a
clearly identified rainy season and a dry season.

The data should be expressed as volume of watee tesed in water accounts, and also in height or
depth units (e.g. millimeters or inches) for cong@m purposes, and also because the raw data is
collected in height or depth units.

The figure below shows the precipitation in theamsl of Mauritius from 1996 to 2012. In the year
1999, a strong “La Nifia” year the precipitation wid@8o below the 1971-1990 normal.

Figure 3.1.5. Average annual precipitation in Mauitius
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Evapotranspiration

Evapotranspiration can be estimated as the diféereaf precipitation less surface runoff and less
infiltration to the aquifer, as explained abovel €B.1 - D.5-D.6

In dry countries, where evaporation is limited bg ivailable water, evapotranspiration increasés wi
the amount of water entering the territory (B.2Zhat is, if more water enters the territory mordeva

is available for evaporation. This amount may lo@tvery significant when compared with the total
amount of precipitation and evapotranspiration goantry. In wet countries evapotranspiration does
not change with additional water entering the teryi since without B.2 there is already enoughemwat
for reaching the full evaporation potential.

Evapotranspiration may be in the range of 30% & T® countries with abundant precipitation (more
than 1000 mm/year), and is usually more than 90%euntries with low precipitation (precipitation of
less than 600 mm). Values between 70% and 90%oamed in all the other countries. Some
examples are shown below:

LONG TERM AVERAGE ANNUAL PRECIPITATION IN DIFFERENT COUNTRIES
Algeria: 89 mm/year (211 975 fityear). Evapotranspiration = 95% of precipitation.
Australia: 472 mmlyear (3 617 000 Hyear). Evapotranspiration = 88% of precipitation.
Mauritius: 2 011 mm/year (3 751 Kiyear). Evapotranspiration = 30% of precipitation.
Mexico: 760 mm/year (1 489 000 figrear). Evapotranspiration = 73% of precipitation.
Brazil: 1 782 mml/year (15 173 516 figear). Evapotranspiration = 64% of precipitation.

Also the evaporation (data item C.1.1) can be t¢aled for the different artificial reservoirs arakes,
even though it usually represents a small portibthe total evapotranspiration (data item C.1)sit
useful for estimating the water available for usarf artificial reservoirs and lakes.

Surface runoff and infiltration to the aquifers

Usually data is collected from stream gages locatatifferent points of rivers and streams. Th&da
has to be interpreted in order to calculate thal toinoff (data item D.5) in a watershed or catchtne
and then aggregated for a country or territory. pEital coefficients are used to estimate surface
runoff in watersheds that do not have stream gadése aquifer recharge or infiltration to aquifers
(data item D.6) is also estimated based on theactenstics of each aquifer recharge zone. Rain
runoff models can be used for developing bettemedés of D.5 and D.6 in specific watersheds.

The amount of water flowing to the sea (data iter.Z) can be directly measured in rivers and
streams that have stream gages located at theithmand estimated for the cases in which
measurement is not available. The same for thevisffrom countries upstream (data item B.2) and
outflows to countries downstream (data item C.2.1).
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Examples

The following table shows the asset accounts fokibtewith average approximate figures. For the
average approximate figures it is assumed thatenldng term the changes in stocks are negligible.
The numbers in red are residuals for balancingahke.

Table 3.1.3 Physical asset account for Mexico wittverage approximate figures
(units in billion cubic meters of water, Rjn

Anlﬁcu?l Lakes Rivers and Aquifers | Soil water TOTAL
reservoirs streams
Opening stock of water Opening | Opening Opening Opening A.1 +
A.l1 A.1.2 A2 Opening A.2
Additions to stock 540.87 81.7 1489 2111.57
Precipitation 1489 1489
Inflows from other countries 49.57 49.57
Inflows from other inland water| 329 70 399
resources|
Returns 162.3 11.7 174
Reductions in stock 540.87 81.7 1489 2111.57
Evaporation and/or transpiration 1090 1090
(evapotranspiration)
Outflows to other countries 44.94 44.94
Outflows to other inland water 399 399
resources|
Outflows to the sea 321.03 51.6 372.63
Abstractions 174.9 30.1 205
) Closing Closing Closing Closing A.1 +
Closing stock of water A1l Al2 A2 Closing A.2

Source: based on CONAGUA.- Statistics for Watewigxico 2011.

The information in the table can be presenteddiagram, as shown below.
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Figure 3.1.5 Simplified diagram showing flows of tk natural water cycle in Mexico
(units in billion cubic meters of water, Rjn

B.1 C1l COUNTRIES
1489 1090 UPSTREAM

v \ B.2 (1) 49.57
SOIL \ SURFACE WATER
D.5 32¢

BODIES

COUNTRIES | D67 C2.1 (1) 44.9 c22(1)
UPSTREAM 321.0¢

C21(2
—— | COUNTRIES
B.2 (2) AQUIFERS DOWNSTREAN

C.2.2(2) 51. SEA

Source: based on CONAGUA.- Statistics for Watdvigxico 2011.

Some basic indicators that can be derived fromahke above are the following:
* Internal renewable water resources = B.1 — C.1489— 1 090 = 399
» Total renewable water resources = B.1 — C.1 + B39%+ 49.6 = 448.6
* Dependency ratio = B.2/(B.1 — C.1 + B.2) = 0.11184l

Table 3.1.4 Physical asset account for the Netherds with data of 2010
(units in billion cubic meters of water, Rjn
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Artificial Rivers and ) .
X Lakes Aquifers | Soil water TOTAL
reservoirs streams
i Opening | Opening Opening Opening A.1 +
Opening stock of water Al.1 A.12 A2 Opening A.2
Additions to stock 90.66 2.9 32.45 126.01
Precipitation 32.45 32.45
Inflows from other countries 83.34 83.34
Inflows from other inland water| 7.32 2.90 10.22
resources
Returns 0
Reductions in stock 90.66 2.9 32.45 126.01
Evaporation and/or transpiration 22.23 22.23
(evapotranspiration)
Outflows to other countries 0
Outflows to other inland water 10.22 10.22
resources
Outflows to the sea 90.66 2.9 93.56
Abstractions 0
X Closing Closing Closing Closing A.1 +
Closing stock of water A11 A1.2 A2 Closing A.2

Source: based on information provided by CBS Nédhes.

The information in the table can be presenteddiagram, as shown below.

Figure 3.1.6 Simplified diagram showing flows of tk natural water cycle in the Netherlands

(units in billion cubic meters of water, Rjn

A
B.1 c.1 COUNTRIES
32.45 22.23 UPSTREAM
v \ B.2 (1) 83.34
SOIL \ SURFACE WATER
D.5 7.3: BODIES
COUNTRIES | D6 2.9( C21 (1) ( C.2.2 (1)
UPSTREAM 90.6¢
C2.1(2)(
—— | COUNTRIES
B.2(2) AQUIFERS DOWNSTREAN
C.2.2(2) SEA
Source: based on information provided by CBS Nédhes.
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Some basic indicators that can be derived fromahke above are the following:
* Internal renewable water resources = B.1 — C.1.432 22.23 = 10.22
» Total renewable water resources = B.1 — C.1 + B1P.22 + 83.34 = 93.56
* Dependency ratio = B.2/(B.1 — C.1 + B.2) = 0.899%8

Scale issues

Aggregating data through space and time (natiomal annual) may hide important contrasts.
Therefore, while it is important to have some aggtes at the national and annual level, in many
cases it is also very important to have the infaiomafor smaller territorial areas (e.g. hydrograph
regions, river basins, or watersheds) and for seasw months of the year, as illustrated by the
examples below.

In Peru the average precipitation of the countryaisund 1600 mm/year. However, 80% of the
population lives on the Pacific side, where therage precipitation is only 274 mm/year.

Figure 3.1.7 Geographical contrast of renewable wat in Peru
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In Thailand the annual average precipitation (nérpracipitation 1971-2000) is 1 573 mm/year.
However, 80% of it falls in the wetter half of tiiear, between May and October. On the other hand,
the Netherlands receives an average precipitatid@d4® mm/year (normal precipitation 1981-2010),
but has a more uniform pattern of precipitatiomereing 52% of the precipitation in the wetter hailf

the year.
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Figure 3.1.8 Precipitation patterns in different caintries.

Normal Precipitation in Thailand 1971-2000 (mm) Normal Precipitation in the Netherlands 1981-2010 (mm)
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Initial national aggregated assessments are utefulide the process of water accounts and statisti
compilation. However, disaggregation of the détausd be considered for the mid-term and long-
term plans of implementation of water accounts statistics.

Water data is usually organized by hydrologic ragioomprising one or several watersheds or
catchment areas. The hydrologic regions may heetkin a nested way, in order to have different
levels of detail. The boundaries of the hydrolagigions rarely match the administrative and/or
political boundaries, which makes it difficult torabine hydrologic information with economic and
social information. Regions combining hydrologndadministrative or political boundaries
(possibly at municipal level) may be created ineorith be able to combine the different types of
information.

Water balances, as well as data about water abetiacare usually available in an annual basid, an
therefore additional efforts need be made in otddrave seasonal or monthly accounts, in case they
are considered necessary.

BIBLIOGRAPHY:

World Meteorological Organization.- Guide to Hydrgical Practices.- Volume I. Hydrology — From
Measurement to Hydrological Information.- 2008. (\WNWo. 168)

World Meteorological Organization.- Guide to Hydrgical Practices.- Volume Il. Management of
Water Resources and Application of Hydrologicalddces.- 2009. (WMO No. 168)
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Al. Physical data items of flows to/from and within the economy

Physical data items of flows to/from and within #@nomy include the following:
E. Abstraction of water
E.1. From inland water resources
E.1.1. From surface water
E.1.2. From groundwater
E.1.3. From soil water
E.2. Collection of precipitation
E.3. Abstraction from the sea
E.a. For own use
E.b. For distribution
F. Water supplied to economic units
F.1. Water supplied by resident economicautatresident economic units
F.2. Water exported to other territories @vatxports)
G. Water received by economic units
G.1. Water received by resident economicsuindm resident economic units
G.2. Water imported by resident economicaufiiim the rest of the world (water imports)
H. Returns of water to the environment by econamics
H.1. To inland water resources
H.2. To the sea
H.3. Toland
H.a. Returns of water to the environmentrafisatment by economic units
H.b. Returns of water to the environment aithtreatment
I. Losses of water
I.1. Losses of water (CPC Ver.2 1800) inrdisttion

The different economic units of a country or temytabstract water (data item E.1) from inland wate
resources for performing the activities of prodoicti consumption and accumulation. Water also
flows from the economy to inland water resourcesherrest of the environment due to returns after
use (data item H.1) and also due to losses (datalitl). A portion of the water abstracted is netar

to the environment as evaporation and anothergoftisually smaller) is incorporated in products.
Additionally, some water is abstracted from thessaad oceans, usually for desalination (data item
E.3), and some water is discharged in the sea®egahs (data item H.2). These flows are shown in
the following figure.
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Figure 3.2.1 Diagram of flows of water between theconomy and the environment
(not all flows shown)
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Flows of water in the economy and to/from the envanment

Data about abstractions of water from inland wagésources (data item E.1) by economic activities,
especially from surface water (data item E.1.1) f@ooh groundwater (data item E.1.2) are considered
essential for fact based water management. Onter gaabstracted from inland water resources, or
even from the oceans and seas, it is importanhdenstand how it is used by the different economic
activities and households, and then returns tetivironment. It is assumed that the amount of wate
that is accumulated in the economy is negligibled #herefore, all the water abstracted by the
economy has to leave the economy as returns (thataHhl.1), as losses (data item 1.1) or as water
consumption (mainly evapotranspiration and a sptlion is incorporated in products).

Once water is abstracted, it enters the economyflamg from one activity to another until it is
returned to the environment. Water abstracted beagupplied to other economic units (data item
F.1), mainly by the water supply industry. Watepglied is received (data item G.1) by other
economic units and households.

Water is also reused in the economy and therefastewater can be delivered for further use (data
item F.3.2), as shown in the diagram below.

Figure 3.2.2 Diagram of flows of water within the eonomy and to/from the environment
(not all flows shown)
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For the organization of the information it is imfaott to classify the different economic activities
according to the International Standard Industdissification of All Economic Activities (ISIC)r
other equivalent classification system, so thatdae is comparable with the one collected for othe
accounts and statistics, as well as with data fagher countries. See chapter 2 for a detailed
description of this.

Integrating data into the accounts

Diagrams, such as the ones shown above, are easyévstand, but when more elements are added
they become too crowded and difficult to read. cAldiagrams cannot be easily entered in a computer.
For the reasons mentioned above, tables are ustshihof diagrams. The tables used are coherent
with the supply and use tables used for the SystérNational Accounts, which allows for the
calculation of indicators that combine physical amohetary information.

The supply and use tables are recorded considdratgdata is collected from each economic unit or
household (the boxes in the diagrams above) artdthieaconnections between them are unknown.
The basic structure of the supply and use tabléseoSEEA is shown below. A complete explanation
can be found in chapter 2.

Table 3.2.1. Simplified physical supply table

SUPPLY l:/:?:::i::j;(;zt Water supply ISIC| Sewerage ISIC Households Environment to

sewerage) ¢ 3600 ¢ 3700 ¢ ¢ Economy ¢
Product Natural water (CPC 18000) F.1
Natural inputs Inland water resources E.1(1+2)
Residuals Losses of water 1.1
Residuals Sewage F.3.1(1) F.3.2 F.3.1(2)
Residuals Treated wastewater
Residuals Water returns H.1+H.2
Residuals Water consumption

Table 3.2.2. Simplified physical use table
Industries (except Water supply ISIC| Sewerage ISIC Economy to
USE water supply and Households ]
3600 3700 Environment

sewerage) T T T T T
Product Natural water (CPC 18000) G.1(1) G.1(2)
Natural inputs Inland water resources E.1(1) E.1(2)
Residuals Losses of water 1.1
Residuals Sewage G.3.2 G.3.1
Residuals Treated wastewater H.1+H.2 H.1+H.2
Residuals Water returns H.1
Residuals Water consumption

Only some flows are shown in the tables above Ifostration purposes. More details are usually
added by breaking down the column of industries sgveral columns showing the different groups of
industries.
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The rows in the supply table show the water thdioising out of each of the industries indicated in

the columns. The arrows pointing down illustratie.tin a similar way, the rows in the use tablevgh
the water that is flowing into each of the indwesdrindicated in the columns.

A brief description of the raw data and processiegded to incorporate the data in the accounts is

described below.

Data item

Raw data commonly available

Processed dafor the accounts

E.1 Abstraction of
water from inland
water resources (for
drinking water
supply).

ISIC 3600-1

Inventory of drinking water
utilities or companies.
Water “produced” by
drinking water utilities or
drinking water companies.
Volume of the water rights
held by water utilities.
Volume declared by water
utilities for the payment of
water fees or royalties.

Integrated inventory of water
utilities.

Total amount of water
abstracted by water utilities.
Important to disaggregate in
surface water (E.1.1) and
groundwater (E.1.2)
abstracted.

E.1 Abstraction of
water from inland
water resources (for
agriculture).

ISIC 01 to 03.

Inventory of irrigation
associations or agriculture
water suppliers.

Area irrigated and types of
crops from agricultural
censuses and surveys.
Volume of the water rights
held by agricultural users or
irrigator associations.
Volume declared by
agricultural users for the
payment of water fees or
royalties.

Total amount of water
abstracted by agriculture.
Useful to separate the water
abstracted by the irrigation
associations or water suppliers
to agriculture, from farmers
directly abstracting water.
Important to disaggregate in
surface water (E.1.1) and
groundwater (E.1.2)
abstracted.

E.1 Abstraction of
water from inland
water resources (for
non agriculture
industries. Off-
stream)

Volume of the water rights
held by industries.
Volume of the water rights
held by industries.
Volume declared by
industries for the payment of
water fees or royalties.

Total amount of water
abstracted by non agriculture
industries (excluding power
plants).

Important to disaggregate in
surface water (E.1.1) and
groundwater (E.1.2)
abstracted.

E.1 Abstraction of
water from inland
water resources (for
cooling in
thermoelectric
plants)

ISIC 3510-1

Inventory of thermoelectric
plants.

Electricity generated, type of
cooling system and volume
water used in each plant.

Df

Total amount of water
abstracted for power plants
that use water for cooling.
Important to disaggregate in
surface water (E.1.1) and
groundwater (E.1.2)
abstracted.

E.1 Abstraction of

Inventory of hydroelectric

Total amount of water
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Data item

Raw data commonly available

Processed dafor the accounts

water from inland
water resources (for
hydroelectricity)
ISIC 3510-2

plants.

Electricity generated and
volume of water turbinated i
each hydroelectric plant.

abstracted for hydroelectricity.

The abstractions include watsé
that is turbinated more than
once through plants in
cascade.

E.1 Abstraction of
water from inland
water resources (for
the operation of
waterway locks)
ISIC 5222

Inventory of waterway locks.
Volume of water required in
each operation of the lock.
Number of times the locks
are operated in a year.

Total amount of water
abstracted for the operation ¢
waterway locks.

E.2 Collection of
precipitation

Estimate of the number of
buildings with rainwater
tanks for the collection of
precipitation.

Amount of water collected in
rainwater tanks or other
means.

Volume of water stored in thg
rainwater tanks.

E.3 Abstraction from Inventory of desalination Amount of water abstracted K

the sea plants. desalination plants.

Volume of water “produced”
in the desalination plants.

F.1 Water supplied Water billed to the different Amount of water billed to

(drinking water) users. households.

ISIC 3600-1 Amount of water billed to the
different industries connecteg
to the water supply network.

F.1 Water supplied Inventory of non-drinking Water supplied (non drinking

(non drinking water) water suppliers, e.g. suppliefs Includes bulk water or water

ISIC 3600-2 of water for irrigation. supplied to irrigation.

F.3.1 Wastewater for Same as G.3.1, but may be Wastewater entering the sew

treatment or disposal collected from the side of the network.

economic activities
discharging to the sewers.
F.3.2 Wastewater fof Wastewater to be reused from Wastewater to be reused.

further use

inventories of WWTPs.
Surveys to different
industries to know the
amount of wastewater they

are reusing.
G.1 Water received Same as F.1. Same as F.1.
G.3.1 Wastewater Inventory of WWTPs with Wastewater entering the sew

received for
treatment or dispos3g

flows of operation.
Flows at different points of
the sewer network.

network.

G.3.2 Wastewater

Same as F.3.2, but may be

Wastewater received by the
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Data item Raw data commonly available Processed dafor the accounts

received for further collected from the side of the economic units for further use.

use users of reused water.

H. Returns of water » Water consumption » Estimates of the returns

by economic units coefficients for the different generated by the different
economic units and economic activities and
households not connected to discharged directly to inland
the sewerage network. water resources (H.1) or to the

* Abstractions of water (E) and sea (H.2).

water received (G) by the
different economic activities
and households to be able to
estimate the returns.

I.1 Losses of water » Water utilities measure the * Unaccounted for Water

in distribution amount of water “produced” (UFW) or Non revenue water,
(injected to the water supply (NRW) to be used as proxies
network) and water billed by of losses of water in
water utilities. distribution.

WWTPs = Wastewater Treatment Plants

One of the most relevant pieces of information &ew abstraction by the different industries. With
the data of abstractions the other data can bexa®d if it is not available. The following paraghs
will focus on the data collection process for watkstractions.

The strategy to collect data depends on the typsabér management system that is in place in the
country. In some countries the water managemestesy requires the declaration of volumes
abstracted by the users, or the collection of datathe water supply industry, among other
mechanisms that generate administrative data ukeftie accounts. In other cases different cessus
and surveys, such as agricultural censuses orysitgevater supply industries, may provide the data
needed to compile the accounts.

Water management administrative records

Some countries, such as Australia and Chile, hasyssegem of water rights and keep a registry of the
amount of water that each user is allowed to atistrdhe registry of water abstraction rights may
provide a first approximation of the abstractiofsvater, especially if the registry is kept up t@tel
and water rights are verified by the authorities.

Other countries, such as France and Spain, retjure@bstractors to pay a fee or royalty for each
volumetric unit of water abstracted. The abstnact@ve to report the amount of water abstracteld an
this information may be verified by the authorities

Other countries, such as Mexico, have a dual sysdeohthe information from both mechanisms can
be contrasted.
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The quality of the information from these recor@gpends on the efficacy of the water management
system. Water rights or permits have to be vetibg the authorities and the payment of fees has to
be enforced. Other problems are due to the faait Whater users tend to request water rights with
volumes higher than the actual volume abstrac@fien, the water rights are not classified accaydin
to ISIC categories and therefore it becomes dilfimuget detailed information by industry.

EXAMPLE: Registry of water rights in Mexico.

Major reforms to the water management system iniddegreated a Public Registry of Water
Rights. Further reforms in 1999 promoted the ragehtion of water rights and the
improvement of the registry. The following graplasvconstructed using the information|in
the registry.

Water abstractions in Mexico
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Source: CONAGUA .- National Water Information Systdmtips://sisgrh.imta.mx/sina

EXAMPLE: Declaration of volumes abstracted for thepayment of fees in France.

In the French water management system water ugsgestb declare the amount of water they
abstract and pay a fee for each cubic meter of matistracted. Besides funds for water
management, this system provides valuable infoonabout the amount of water abstracted.
The following graph was constructed using thesa.dat
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Water abstractions in France
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Source:Commissariat Général au Developpement Durablefilamcement de la gestion des ressources en ektaane.-
Etudes & Documents.- January 2012.

If there is no registry of water rights and/or femsroyalties collected for the water abstracted,
estimates will have to be made based on differatd,dsuch as population, irrigated area, type of
industries, industrial production, electricity gested, etc. In any case, it is important to stath
rough estimates to have an idea of orders of madmitof the different abstractions. Then,
conventional statistical data collection mechanishsuld be performed.

Water abstractions receive different names in treeww management literature, such as water
“withdrawals,” even more misleading, the word “useften means abstraction in the water
management literature. In order to avoid confusionthe SEEA-Water and IRWS, the term
“abstraction” was selected to specifically designidie water that flows from the environment to the
economy. It is considered a natural input, as opghds a produced input from another economic unit.

Typically, in water resources management, watetratted for hydroelectricity and for the operation
of locks is not considered an abstraction. For meteness, in the SEEA-Water and IRWS water
turbinated in hydroelectricity and water for theedgion of waterway locks are considered
abstractions of water.

It is therefore useful to distinguish two typesatistractions: fooff-stream usesand forin-stream
uses Off-stream uses take the water out of the wsterce to use it somewhere else (also known as
consumptive use). In-stream uses do not removerwetm its source, or water is immediately
returned with little or no alteration. The tableldwv shows the typical way in which water
abstractions are grouped by water managers. Fufétail is recommended once an initial assessment
is performed.

Off-stream uses include the following:
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Water Management Abstractor of water Main Users of water | Main purpose of abstraction

Group abstraction
Water supply for human | Water utilities or Households and Produce drinking water to
settlements companies (ISIC 3600) | industries connected tpdistribute it to households and

water supply networkq industries through water
supply networks.

Households Households Use in households
Agriculture Agricultural industries | Agricultural industries| Irrigation of crops, raising
(ISIC 01-03) (ISIC 01-03) livestock, raising fish
(aquaculture)
Water suppliers for Agricultural industries | Convey water to farmers for
irrigators (ISIC 3600), | (ISIC 01-03) irrigation
e.g. irrigator
associations.
Industrial water (mainly Water utilities or All other industries not Use in manufacturing
manufacturing, cooling companies (ISIC 3600) | included in other processes, mining, beverage
sometimes included here) | Industries using the sections of the table. | production, etc.
water they abstract (self
abstraction)
Cooling water (for Thermoelectric power | Thermoelectric power| Cooling of hot steam used to
thermoelectricity) establishments (ISIC establishments (ISIC | move turbines.
3510) 3510)
In-stream uses
Water Management Abstractor User Purpose of abstraction
Group
Water for hydroelectricity Hydroelectric power Hydroelectric power | Use of the mechanical energy
plants (ISIC 3510) plants (ISIC 3510) of water to move turbines.
Water for operation of Waterway lock operators Waterway lock Lifting and lowering of ships.
navigation locks (ISIC 5222) operators (ISIC 5222)

There are other activities, such as navigatiohjrig, and recreational activities, which do not oem
the water from the source, but merely make useas it is. These are called-site usesand they are
not addressed in these guidelines.

Below is a description of the main issues regaréiach different type of use.

Water supply to human settlements

a). Water utilities or water companies

Water utilities or companies can be public or pieva They are directly responsible for delivering
water to households and industries. Water uslifiedustry class 3600of the International Standard
Industrial Classification of All Economic Activitge [ISIC]) abstract water from various sources.
Depending on the quality of the water at the sgunader utilities may treat the water abstracted to
make it appropriate for human consumption. Then whater is distributed to the final consumers
through a water supply network.
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Water utilitie belong to the same ISIC class as other suppliérsvaier (such as irrigation

associations in charge of supplying water to fagydaut they should be kept separate for the pegpos
of water accounts and statistics, since the natitikeir activities is different to that of watetilities,
which usually do not provide water to farmers, sititze water they produce has drinking quality and
would usually be too expensive to use for agricaltpurposes.

To perform their activities water utilities colleitte following data:

Data item

Brief description

Main issues

Abstractions of surface
water (data item E.1.1)

The amount of water abstracts
from artificial reservoirs, lakeg
rivers or streams.

, which is measured at the point where it is injedte

Abstractions of groundwate
(data item E.1.2)

r The amount of water pumped
from aquifers or collected from
springs.

of abstraction and the entrance of the water su
network may be neglected (in the order of 2
Sometimes water is measured at the water treat

lieu of the actual abstraction.

cdhe data available may refer to “water produce

the water supply network. Losses between the p

plants. Any of these measurements can be ust

d”
)|
oint
bply
0).

ment
ed in

Abstractions of sea water
(data item E.3)

Water treated in desali-nation
plants, if they exist, before bein
injected to the water supply
network.

Data should be collected regularly for the opera
gof the desalination plant.

io

Amount of water supplied
(data item F.1)

Amount of water billed to the
users.

> The amount of water billed to the users may
measured with meters at the point of connectio
the water supply network. When meters are
available the amount of water delivered

estimated.

The water billed is separated into water billed
households (representing between 70% and 9
and water billed to the different types of induestri
a detailed breakdown may not be available.

be
N to
not
s

to
N%),

Losses of water in
distribution (data item 1.1)

Difference between the amou
of water injected in the watg
supply network and the amou
of water delivered to the use
(water billed).

nwWater utilities typically use the difference of “tea

niThis proxy is known as Unaccounted For W3
rUFW) or the Non Revenue Water

rproduced” and “water billed” as a proxy for loss

(NRW
Estimates of the proportion of UFW or NRW th
corresponds to leaks, theft or errors
measurements may be available. UFW or NI
may be more than 20%. In many cases it may

eS.,
ter
).
a

in
RW
be

close to 50%.

The responsibility of drinking water supply may tenicipal, provincial or national. Depending on
the institutional arrangement the data collectivategy should be designed. In some cases there is
national regulator or association that collectsdbta from the individual utilities. In other cashe

data needs to be collected directly from the mpaildies.

needs to be performed.

EXAMPLE OF DATA COLLECTION MECHANISMS IN COUNTRIES

In Great Britain the Office for Water (Ofwat) regteés the 10 private companies that prov
the water supply service. The companies have awige all the detailed operation data

! The term water utility will be used to refer tovgonment or privately owned companies that provigeservice of

drinking water supply.
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Ofwat.
« In the Netherlands the Dutch Drinking Water Assbora (Vewin) collects data from the 10
companies that deliver the service and producéstigtgcal report every year.
* In Mexico the responsibility of drinking water supfpelongs to each of the more than 2400
municipalities. INEGI, the National Statistics ©@#, with the collaboration of the National
Water Commission performs an economic census foha@hater utilities in the country every
five years.
* In Brazil the responsibility of drinking water supelongs to each of the more than 5000
municipalities. IBGE, the National Statistics @#iperforms a census to collect data from all
the water utilities (“Pesquisa Nacional de SaneatiBasico”).
* In Mauritius there is only one utility (Central VéatAuthority) which supplies drinking wats
and produces an annual report with all the datdedlto the activity.

1%
-

Sample forms and reports are provided in the armexe

In order to better control the quality of data tethto water utilities, it is useful to have thddwing:
* An inventory of water utilities or water companieSome water utilities are also wastewater
utilities.
* An inventory of water treatment plants.
* An inventory of desalination plants.

Economic censuses or surveys to industries mayigeonore detailed data about the amount of water
that is supplied to each type of industry. Onrsat fstage the amount of water supplied by the water
utility to industries may be sufficient. On a sedcstage the censuses and surveys may provide the
details according to the types of industries cfeessby ISIC categories.

b). Bulk water companies

Often water has to be conveyed long distances &dtffas distributed through water supply networks.
There are some enterprises that deliver water K*luater”) to water utilities for distribution. The
companies are also classified as ISIC 3600. Irematcounts it may be necessary to include these
companies as a separate activity generating areliffeproduct in order to correctly quantify the
amount of water produced.

c). Households

Typically, households receive the water they neechfa water supply network operated by a water
utility. Usually between 70% to 90% of the watapplied by water utilities is for households, tlkstr
is supplied to the different industries connectethe water supply network.

In rural areas or low density population urban sifeauseholds may have their own well and abstract
the water they need with a pump. For completeness,important to estimate the amount of water
that is abstracted by households. Typically timoant is small compared to the water abstracted by
water utilities and may be neglected.

The amount of water used by households varies dipgrnon the socioeconomic level of the
household, the climate, and the accessibility aewa
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EXAMPLE: HOUSEHOLD WATER USE
In Great Britain the average is 136 L/person/dawatier received in households (data item G.1) from
the water utilities.

Source: 2005-2006 Ofwat report.

d) Industries connected to the water supply network

Water utilities supply water to most of the indiedrlocated within the reach of the drinking water
supply network. Usually between 10% to 30% of teger supplied through the drinking water
supply network is for all the different types otlurstries connected, such as, hotels, restauraatisl, r
stores, financial institutions, manufacturing indiies, and government service offices. See below a
more detailed description of water use in industrie

e) “Water consumption,” losses and returns

Practically all the water abstracted by economitivdies is returned to the environment (the
accumulation is negligible) and reincorporated e tvater cycle. The water abstracted is first
returned to the environment in the form of loss&ome of the losses go to the atmosphere and
become vapor, others return to inland water regsurd he water that reaches the economic activities
for which it was intended is then evaporated, fpées in the processes, and a portion is incorpdrat

in the products.

The remaining water is then discharged to the seygata item F.3.1) or returned to the environment
(data item H). A more details discussion aboud Wil be found in the next section of the chapter.

In most water-distribution systems, a large pemgatof the water is lost in transit from the
abstraction point to the point of final use. Thesles (data item 1.1) measured as unaccounted fer wa
(UFW) or non-revenue water (NRW) is typically 20-Bércent of the abstraction. Some systems,
especially older ones, may lose as much as 50 meM#&ater loss can be attributed to several causes,
including leakage, metering errors, public usagehsas fire-fighting and pipe flushing, and theft.
Leakage is usually the major cause. (Adapted fie@ Paper)

UFW or NRW can be estimated by calculating theeddhce between the amount of water abstracted
by the water utility (plus the water received frboilk water suppliers) and the amount of water 8ille
to the consumers.

Agriculture

Abstractions of water by agriculture, forestry disthing include the water abstracted for irrigatmi
crops (the largest portion), water abstracted d®img livestock, and water abstracted for aquacellt
Some countries may also estimate the amount ofrvlade is taken up by the roots of the plants and
trees that form forests. Irrigation of golf cowgse classified separately under the operatiorpofts
facilities (ISIC 9311).
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Determining the amount of water abstracted by agitice, forestry and fishing is usually very
difficult. Several methods can be used to estinfageamount of water abstracted, but none of them
may prove accurate enough. It is suggested tvatalemethods are used in order to provide differen
references that can increase the reliability ofetstemates.

When available, registries of water rights or watermits should be used. They provide a first
approximation and depending on the maturity of thater rights system, they may provide
comparable statistics. Data from agricultural cses and surveys should also be used to provide
additional elements for the calculation of the edagtons.

The following paragraphs provide guidelines fortea€ the four cases mentioned above (irrigation,
livestock, aquaculture, and forests):

a). Irrigation

Crops require water for the photosynthesis, a @®dteat allows plants to transform the solar energy
into the chemical energy (glucose) they need t éimd thrive. Water is taken up by the roots ef th
plants from the soil in the root zone and then dpamted to the leaves and transpired through the
leaves of the plants. If enough water is availabline soil then the crops will be able to growltiea

To ensure the healthy growth of the crops (moredyeton), soil water, which is fed by the
precipitation is often complemented with irrigatican technique in which water is abstracted from
surface or groundwater sources and is transponed the root zone, so that it can be used by the
crops.

The amount of water abstracted by the crops isuttkd by estimating therop evapotranspiration
(not to be confused with evapotranspiration in thavater cycle, which is data item C.1)which is
the amount of water that is evaporated from thégbere the crops grow plus the amount of water
that is transpired by the crops. If there is mmation (rainfed agriculture) then all the absti@t of
water by the crops is considered tosod water abstraction (E.1.3)and can be estimated as the crop
evapotranspiration, even though in some casesrtips enight not be getting the total amount of crop
evapotranspiration that they would need to growthga The amount of soil water abstraction (E.1.3)
is also known as the “green water” that is usethleycrops.

If irrigation is used to complement precipitationcarring in the fields, then it is assumed that the
amount of precipitation is not enough to coverttital amount needed by the crops. It means tkat th
crop evapotranspiration is larger than the rairctively being available to be used by the crops.
Therefore the amount aiurface water (E.1.1)andgroundwater (E.1.2) abstracted (also known as
“blue water”) for irrigation can be estimated ag ttomplement of the crop evapotranspiration not
covered by precipitation, plus the additional wabstracted due to losses in conveying water from
the sources to the fields.

To estimate crop evapotranspiration many factokse a be considered, such as solar radiation, air
temperature, relative humidity, and wind speede 3ail texture, structure, density, and chemistey a
also important factors. Also the plant type, rdepth and foliar density, height, and stage of giow
Crop evapotranspiration can be measured using &sis, but it is expensive and time consuming.
Instead empirical formulas are often used. Thentdas combine the different factors mentioned
above. For simplicity, it is common practice to useaeference crop evapotranspiration based on
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standard grass, for which biophysical charactesstre well studied, and a crop coefficient to evhv
the reference crop evapotranspiration to the achagl evapotranspiration for a specific crop.

EXAMPLE OF CROP EVAPOTRANSPIRATION OR CROP WATER RE QUIREMENT

The table below shows the reference evapotrangpirbdr the San Joaquin Valley in California. Hosvs the
number of cubic millimeters that evaporate eachttmper square millimeter of standard grass (mm/imont

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Reference evapotranspiration,
ETo (mm/month)

31 57| 94| 130| 173| 198 220 197| 145| 102 53| 31

For corn the crop coefficients are ke 0.19, kg = 1.06, and kg= 0.55, which convert the reference daily
evapotranspiration (ETo) into the specific evapmdparation (ETc) for corn. The graph below shows|th
specific daily evapotranspiration of corn for thH71days it takes from planting to the end of seasanm/day
(May to September).
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The total crop evapotranspiration (ETc) for theleyis 638 mm. If the precipitation effectively pided 250
mm of water during the season, then an additio88l ®m of water have to be provided from surface|and
groundwater sources. One hectare of corn requi@800 M x 0.388 m = 3 880 fof water to complement
natural precipitation. If there is double croppiftgvo planting and harvesting seasons) then theerwat
requirements for the second cycle have to be added.

For more information refer to modulg.B.4 Estimating abstractions for irrigation.

Crops that do not receive irrigation (known as fiedncrops or dryland agriculture) satisfy their arat
needs by using the moisture of the soil. Thisnevin as the “green water.” This might be enough in
some regions where precipitation provides enoudlena the right time of the crop growth.

Irrigation complements “green water” with water tthg abstracted from inland water resources and
then transported to the roots of the plants (“blater”) to complement the naturally available water

Depending on the proportion of green and blue watggation might be called full or supplementary
irrigation.

b). Livestock
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The water requirements for livestock can be estohatith the population of livestock and the water
requirements for each type of livestock in the eliemwhere the livestock is. It is then necessary t
estimate what proportion of the water requiremenarovided by naturally occurring water and what
proportion is provided by man-made works.

c) Water suppliers for irrigators

Water suppliers for irrigators belong to the sa®KIclass as water utilities@ustry class 36000f

the International Standard Industrial Classificatad All Economic Activities [ISIC]). They include
irrigation associations in charge of supplying watefarmers and other types of arrangements. Even
though they are in the same ISIC class as wathtiagtj they should be kept separated. Since this
usually involves large irrigation projects, goodireates of the amount of water abstracted should be
available from the supplier (e.g. irrigation distriuser association, etc.)

d). “Water consumption,” losses and returns aguical

In agriculture a large amount of water is usuadlst Ibetween the point of abstraction and the pafint
irrigation. Losses can be in the order of 40% loé tvater abstracted. The primary variables
associated with losses in conveyance of waterrtodare (from USGS guidelines):

(1) water source (groundwater or surface water),

(2) condition of irrigation canals/ditches/pipes,

(3) distance transported, and

(4) climatic conditions.

Water abstracted from sources near fields ofters aio¢ have as much loss when compared to water
that is transported over long distances. It is matommon for groundwater-irrigation wells to be
within a relatively close distance to the fieldttie being irrigated. Irrigation water can be dieer
adjacent to the field and can be transported umderessurized-pipe system or directly into the
irrigation system, which tends to have lower losdaes to the more efficient transport systems. In
areas where the irrigation water is diverted adjate the field, losses may be considered neghkgibl
and the majority of losses are considered to baraog because of the irrigation-system efficiency.

Losses can be estimated based on areas with snegi@nal characteristics that have known losses.

Industrial water (excluding agriculture and cooling or thermoelectric plants)

This group consolidates a wide range of economieviies ranging from financial institutions,
construction sites, retail stores, and manufaafuirmaustries. Some of the establishments thatigelo
to this group are located in urban areas and areemted to the water supply network, receivingrthei
water from water utilities.

a) Service industries

Retail stores, hotels, restaurants, financial tustins, government offices, and others are usually
connected to the drinking water supply network dodhot abstract their own water. The amount of
water they use is the amount of water they recéwm the water supply network (data item G.1).
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The data about the amount of water used can bé&neldt&rom water utilities, even though the level of
disaggregation may not be desirable, and the @ilgsson according to ISIC may be difficult.

Some hotels located outside of the cities and/osecko the coast, may have their own boreholes or
wells, or they may even have their own desalinagitamt and abstract water from the sea (data item
E.3).

b) Manufacturing industries

Manufacturing industries may be connected to thekarg water supply network or have their own
well or borehole to abstract water for their needgecially those industries located out of thiegit
Therefore, the water they use is the sum of thewaceived from the water supply network (data
item G.1) and the water they abstract themselvats jtem E.1)

c) Mining and quarrying

This includes the abstraction of water used inekieaction of minerals that might be in the form of
solids, such as coal, iron, sand, and gravel;disjusuch as crude petroleum; and gases, suchuaalnat
gas. It includes quarrying, milling, re-injectiafpstracted water for secondary oil recovery, aherot
operations associated with mining activities.

Cooling in thermoelectric plants (ISIC 3510-1)

More than 70% of the electricity in the world isoduced in thermal power plants (thermoelectric
plants), which include plants that use as fuel @arcteactions, natural gas, oil, and coal, amohgrst

In these plants heat is transformed into mechaeicatgy. Thermal power plants can be classified by
type of fuel they use or by the type of moving dluised (steam turbine, gas turbine, combined
cycle...). To estimate water abstractions the tffeel is more relevant than the type of movihgd
used.

Water is used in different cycles of the energydpimng process. The most relevant in terms of wate
use is the cycle to remove heat (cooling) fromsteam moving the turbines. Abstractions for caplin
of thermoelectric plants represents more than 50%@tional water off-stream abstractions in several
European countries (Eurostat 2010). In the USahgraction represented 49% of the total off-strea
abstractions in 2005, and about 28% of these albsing were saline surface water.

There are two general types of cooling technologies once-through (open-loop) cooling and the
closed loop (recirculation) cooling.

Open-loop coolingsystems (also known as once-through systems)reethe largest amount of water
abstraction because water is not recirculated.eWsatabstracted, circulated through the heat
exchangers, and then returned to a water bodys t€bhhnology is common in older facilities.

Closed-loop coolingsystems use cooling ponds and cooling towersciocidate water within the

system, thus reducing the overall water abstracegnirements. Abstractions of water to replace
cooling water lost to evaporation, blowdown, dréihd leakage are considered “makeup” water. A
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cooling pond is a shallow reservoir with a largeate area to remove heat from circulation water.
cooling tower is a structure designed to remové fiem water.

The FAO Aquastat, based on estimates by the Edetwer Research Institute, suggest the following
approximate coefficients:

Cooling System Type of fuel Abstraction of | Evaporation or Water
water consumption
(M3 MWh) (M3 MWh)
Open-loop (once-through)  Nuclear 95 — 230 1.5
Open-loop (once-through)  Fossil, biomass, waste — 780 1
Closed-loop Nuclear 3-4 3
Closed-loop Fossil, biomass, wastge 2-2.3 2

As it can be seen in the table shown above, the @yjgooling system is the most significant factor
that determines the amount of water abstractethBymoelectric plants. Open-loop systems abstract
an average amount of water that is in the rang®6fn?/MWh, while close-loop systems abstract an
average amount in the range of 2 or 3Mwh. On the other hand, water consumption is ivithe
same range for all types of cooling systems.

The water used for cooling may be freshwater, sakiater, or even reused water. The water could be
abstracted from surface water sources (E.1.1)oon the sea (E.3.). It is rarely abstracted from
groundwater sources due to the large volumes reduiSometimes the water is supplied by other
economic units, e.g. treated wastewater suppliea Wwgstewater utility.

Hydroelectricity (ISIC 3510-2)

Hydroelectric plants use the force of gravity mayivater to produce electricity. Water is passed
through a turbine that moves a generator that mesielectricity. The water used is immediately
returned to the water body from which it was aluté@d and therefore this use is considered an
instream use.

There are basically two types of hydropower plants:

» Conventional plants, with medium to large dropau(ddoe up to hundreds of meters of height
differential), usually requiring a dam for the stge of large quantities of water.

* Run-of-the-river power plants, which do not requine storage of water. They are small or
micro hydro power plants with a difference in teedl of water of less 10 meters. They only
use the amount of water naturally flowing througiivar or stream. They are located in rivers
large continuous flows of water throughout the year

Roughly about 19% of the electricity generatedhe world is hydroelectric. The amount of water
that passes through hydroelectric turbines to predelectricity in the world (sometimes the same
water is turbinated several times) is roughly foores larger than the amount of water abstracted fo
off-stream uses. However, this water is traditigneeported separate from the other uses, sinkce al
the water abstracted is immediately returned towhter course from which it was abstracted with
minimum changes in physical properties. Also, 3hee water may be used several times in a river
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and therefore the aggregated amount of water tatdihmay be much higher than the amount of water
flowing through the river.

In order to better control the quality of data tethto water utilities, it is useful to have thddwing:
* An inventory of hydroelectric plants.

» The electric production capacity of each plant #m& actual amount of electricity generated
each year.

According to simple physical principles, the enemyduced in a hydroelectric plant is directly
proportional to the volume (V) of water turbinataad the difference in elevation of the water before
and after passing through the turbine (H). Theprtonality is given by the density of water ahe t
efficiency of the plant. Therefore, if the amowft energy produced is known, as well as the
difference in elevation, the volume of water tudiegd may be estimated.

Operation of waterway locks (ISIC 5222)

Large amounts of water are used to raise and Itveelevel of the boats in waterways when passing
through dams or when there is a need to go thrawagbrways that are at different elevations. Water
is returned to the water body immediately afterindbe locks and therefore is considered an iastre
water use, which is recorded as an abstractionrdicepto the IRWS.

EXAMPLE: WATER USED FOR LOCKS IN THE PANAMA CANAL

In the Panama Canal ships are raised from theesettb lake Gatun located about 26 meters abhove
sea level using 3 locks. Then the ships are lodvasing other 3 locks to be returned to the seel lev
on the other side of the continent. Each lock afien requires 191 000 %of freshwater. In one year
about 2 600 million rof freshwater from lake Gatun are used for the@en of the Panama Canlal
locks to move about 12 500 ships.

Connecting the pieces of information

All the information described above can be integplah supply and use tables in order to show and
integrated picture and to be able to calculategnatied indicators. The supply and use tables are
useful for assuring the consistency of the datadémtify data gaps, and to set priorities for data
collection.

The following numeric example, “Shipland Examplé&bwis the different components of the Physical
Supply and Use Tables. The standardized way aeptang the tables is to first show the supplyeabl
and then the use table. However, for didactic psep it is easier to present them the other way
around.

Table 3.2.3. Simplified Physical Use Table for th8hipland Example (hm3/year)
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ISIC 05-33, 41
ISIC01-03 | 43,38,39,45-| ISIC3510-1 | ISIC3510-2 | ISIC3600-1 | ISIC3600-2 ISIC5222
99
" Cooling -] Wétér Sewerage Operation of Economy
Agriculture | Manufacture Hydroelectrici utilities (sewage House- to
USE . . (thermoelectr] L . waterway . TOTAL
I and livestock| and services - ty (drinking  |collection and holds Environme
icity) locks (ACP)
water) treatment) nt

Natural inputs  |Inland water resources-off steram uses 487 100 100 410 133| 1230
Natural inputs  |Inland water resources - instream uses 9861 2558 12419
CPC 18000-1 Drinking water 87 232 319
CPC 18000-2 Bulk or raw water 133 133
Residuals Losses of water 0|
Residuals Sewage to sewers 256 256
Residuals Untreated sewage to environment 210 210
Residuals Treated sewage to environment 46 46
Residuals Water returns 12796 12796
Residuals "Water consumption" 222 222

[ToTaL | 487] 187] 100] 9861] 543] 256] 2691 [ 232] [ 13,274] 27631

|pifference = Supply - Use | o] o o] o] of of o | o]

|% "water consumption" | 28%| 20%| 5%| | | | | | 20%|

The use table shows that the economic activitistradt (data item E.1) 1 230 million cubic metefrs o
water per year (hm3/year), excluding in-stream rabsbns (hydroelectricity and operation of
waterway locks). Hydroelectricity and the openatad locks use (data item E.1) 12 419 hm3/year of
water.

Manufacture and service industries abstract (d&t® iE.1) 100 hm3/year of water and they also
receive (data item G.1) 87 hm3/year of water. Watidities abstract (data item E.1) 410 hm3/yefar o
inland water resources and receive (data item &B33)hm3/year of water.

Table 3.2.4. Simplified Physical Supply Table fothe Shipland Example (hri/year)

ISIC 05-33, 41
ISIC01-03 | 43,38,39,45-| ISIC3510-1 | ISIC3510-2 | ISIC3600-1 | ISIC 3600-2 ISIC 5222
99
. Water Sewerage . )
. Cooling - . Operation of Environme
Agriculture | Manufacture Hydroelectrici utilities (sewage House-
SUPPLY . . (thermoelectr] i . waterway ntto TOTAL
and livestock | and services - ty (drinking  |collection and holds
icity) locks Economy
water) treatment)
Natural inputs  |Inland water resources-off steram uses 1230 1230
Natural inputs Inland water resources - instream uses 12419 12419
CPC 18000-1 Drinking water 319 319
CPC 18000-2 Bulk or raw water 133] 133]
Residuals Losses of water 151 224 375
Residuals Sewage to sewers 70| 186 256
Residuals Untreated sewage to environment 210| 210
Residuals Treated sewage to environment 46 46
Residuals Water returns 202 80 95 9861 2558| 12796
Residuals "Water consumption" 134 37| 5 0| 0| 0| 46 222
[ToTAL [ 487] 187] 100] 9861] 543] 256] 2691 [ 232] [ 13649] 28006

The table shows that water utilities supply (dé&ani F.1) 319 million cubic meters (Ryrof drinking
water per year. Water utilities lose (data itei) R24 hnilyear in the distribution network, which is
41% of the total amount of water abstracted orivece

Households discharge 186 hm3/year of sewage tsdwers and manufacture and service industries

discharge 70 hm3/year of sewage to the sewers. sé&werage utilities discharge 210 hm3/year of
untreated sewage to the environment and 46 hm3dfe¢erated sewage to the environment.
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The information in the PSUT can be combined withitiformation of the previous section in order to
have a complete picture and to derive some indisatdhe following asset table is presented.

Table 3.2.5. Simplified Asset Accounts for the Spiand Example (hnt/year)

Amflc‘?' Lakes Rivers and Aquifers | Soil water TOTAL
reservoirs streams
3 Opening Opening Opening Opening A.1 +
Opening stock of water Al.1 A1.2 A2 Opening A.2
Additions to stock 142 511 214 500 357 011
Precipitation 214 500 214 500
Inflows from other countries 0 0
Inflows from other inland water 129 340 129 340
resources
Returns 13171 13171
Reductions in stock 142 511 214 500 357 011
Evaporation and/or transpiration 500 85 160 85 660
(evapotranspiration)
Outflows to other countries 0
Outflows to other inland water| 129 340 129 340
resources
Outflows to the sea 128 362 128 362
Abstractions 13 649 13 649
i Closing Closing Closing A.2 Closing A.1 +
Closing stock of water A1.1 A12 Closing A.2

Assuming that Shipland has 3.45 million inhabitaamsl that its continental surface is 75.5 thousand
km?, the following information and indicators can heided from the tables.

* Precipitation 2 885 mml/year
* Evapotranspiration 40%
» Offstream abstractions 1 230 hm3/year

* Internal Renewable Water Resources (IRWR) = Prtipn less Evapotranspiration =
128 840 hm3/year

» Total Renewable Water Resources (TRWR) = IRWR towd from other countries = 128 840
hm3/year

« TRWR per capita = TRWR/population = 37 345 m3/pefgear

e Off-stream abstractions (E.loff) = 1230 hm3/year

* Proportion of renewable resources abstracted (MBBFE.10ff TRWR=1230/128 840 = 1%

* The pie below shows the proportion of water abstichby each sector.
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O Agriculture
40%
44% @ Manufacture and
services
O Thermoelectricity
/ ~ ‘ O Drinking water supply

8%
8%

» Distribution losses of water in drinking water slyppetworks are 224/543 = 41%
e Losses of water in agriculture = 151/487 = 31%

More indicators can be calculated by combining pajgjuantitative information with emissions and
monetary data, as will be shown in the next sestafrthe chapter.
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All. Physical data items related with polluting releases

The following data items in the IRWS are relatethveamissions to water:

F. Water supplied to economic units
F.3. Wastewater supplied by resident econamits to resident economic units
F.4. Wastewater exported to the rest of thddwastewater exports)

G. Water received by economic units
G.3. Wastewater received by resident economits from resident economic units
G.4. Wastewater received from the rest oftbdd (wastewater imports)

H. Returns of water to the environment by econamics
H.1. To inland water resources
H.2. To the sea
H.3. Toland
H.a. Returns of water to the environmentrafisatment by economic units
H.b. Returns of water to the environment aithtreatment

J. Waterborne polluting releases to other econaomits
J.1. Waterborne releases supplied by resemariomic units to resident economic units
J.2. Exports of waterborne polluting releases
J.3. Imports of waterborne polluting releases

K. Waterborne emissions to the environment
K.1. From point sources to the environment
K.2. From diffuse sources to the environment

In the previous section of this chapter the dam# related to the abstraction and delivery of imate
the different economic units and households weremsa. This section covers all the data items
related with water leaving the economic units aftee. It also covers the data items related to the
incorporation of pollutants to the returned water.

Economic units use water for their different ad¢tes and then discharge it directly to the envirentn

or to a sewer network. The activities that useewaften add pollutants to the water they retunn. |
some cases water is not returned to the environoredischarged to the sewer network but reused in
the economy.

Water policy makers require information to undardtahe impacts of the water returned to the

environment and the pollutants added. They algoire information about how water is reused in the
economy reducing the amount of water that neebe tbstracted directly from the environment.

Wastewater

Wastewater by type of water users discharging

The same economic units that were mentioned inptbgious section as users of water discharge
wastewater after using the water they abstractedeceived from other economic units. For the
purposes of accounts and statistics, wastewatdefised as all the water that is discarded thamois
longer required by the owner or user. A brief dsstan for each type of user follows:
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Householdsreturn about 80% of the water they abstract oeivecto the environment, to a sewer
network or to another sanitation facility (septank, latrine, etc.). Households located in densely
populated areas usually discharge all their wastaw@® the sewer network and it is possible to
estimate the volume of wastewater generated basdtieodata of the volume of water supplied to
households by water utilitié®nd the percentage of water that is consumed. s¢tmids located in
areas of low population densities (rural areas) miagharge their wastewater to the sewer network or
they may discharge it in septic tanks or draing diecharge the water to a river, to a lake or $jmp

a land area.

In order to estimate the amount of water dischatgedouseholds to sewers and to the environment it
Is important to collect information from populatiacensuses and household surveys about the
proportion of people that discharge wastewaterht different sanitation facilities: sewers, septic
tanks, latrines, or open defecation (see sectionairr-related social-demographic data items).

Industries connected to the sewer netwaidcharge the water that is not consumed in {heicesses

to the sewer network. Some economic units, espgciabse with polluting processes, may be
required to perform some type of treatment of thestewater before discharging it to the sewer
network. Other economic units, especially serunckistries and financial institutions, may disclearg
their wastewaters the same way as households.valbme of wastewater discharged is a percentage
(in the order of 80% to 90%) of the volume of waised.

Sewerage industriesllect wastewaters from households and indusémekstreat them in wastewater
treatment plants (WWTP) before returning the tr@éatestewater to water bodies or land. In many
cases a WWTP is not available and the wastewatengturned to the environment without treatment.
Sewerage industries also collect storm water (ratemthat runs off in urban areas and is colleated
the sewer networks or a separate drainage netwdnk¥ome areas there is a separate system for the
collection of storm water, so that sewage and rataware not mixed, otherwise, a mixture of sewage
and rainwater is sent to WWTPs or to the envirortmemhe problem with mixing sewage and
rainwater is that the volume of rainwater may beyvarge (often in short periods of time), exceedin
the capacity of the WWTPs.

Industries not connected to the sewer netwatkirn their wastewater to a water body or to land
Regulations may impose specific requirements fecltrging wastewaters and the industries may
have to operate their own wastewater treatment (N&VTP).

Agriculture returns a portion (roughly between 20% and 40%hefwater used to water bodies or to
land (then it infiltrates to the aquifers). Theura of water is not punctual, as in the cases ineed
above, but in a diffuse way. For this reason theewborne pollution in returns of water from
agriculture are considered non-point sources aupoh (see below non-point sources of pollution).
The SEEA-Water classifies the discharges of watemfagriculture as wastewater. However, for
water resources management, the returns of water dgriculture are not considered wastewaters.

Thermoelectric plantase water for cooling. A small portion (betweén and 5%) of the water used
is evaporated and the rest is returned to watelebo&ewerage industries typically do not colléet t
wastewater from thermoelectric plants. The SEEA@Nalassifies the returns of water from

2 In this document the term water utility is usedeter to drinking water supply companies..
DRAFT 41



thermoelectric plants as wastewater. However, fatewresources management, the returns of water
from thermoelectric plants are not typically comset wastewaters.

Hydroelectric plantseturn all the water used to water bodies. ThE/SEVater classifies the returns
of water from hydroelectric plants as wastewateowelver, for water resources management, the
returns of water from hydroelectric plants aretypically considered wastewaters.

Data collection

The data described below is useful for the comipitedf water accounts and statistics.

The experts in the National Statistics Office skowbrk in close collaboration with the expertstie t
Ministry of Environment, the Ministry of Water armd/the National Water Authority to compile or
estimate the data required. The following are comisources of data:
*Water and/or sewage utilities, companies, assodistor regulators.
* Departments in charge of controlling polluting diamges (they may issue permits and develop
inventories of polluting discharges).
*Research institutions which may have specific itgusndices or coefficients useful for
estimating water consumption.

Data collection of wastewater should be done inquwmtion with data collection of emissions, since
the two topics are closely related.

Households

* Number of households and number of inhabitantsheeisehold from population censuses,
household surveys and population projections. Watkties have the number of water supply
connections, which is useful to estimate the pdmnareceiving water from the water utility.
It is also necessary to have data on the numbkow$eholds connected to sanitation facilities
different to sewers (see section on water-relabethsdemographic data items).

» Data from water utilities on the amount of wateplied to households (IRWS data item F.1).
This should be based on the readings of metersusdholds.

» Estimate of the proportion of water used that iastmned by households. Typically about
20% of the water used is not returned or dischafgeder consumption), but if possible a
more specific number should be used. This propois not typically measured, but the result
of specific research or estimates.

« Data from the sewer industry about the wastewaibeated, usually measured at WWTPs is
useful to estimate the amount of wastewater diggthto the sewers by households.

Industries connected to the sewer network
« Data from water utilities on the amount of watepgied to industries (IRWS data item F.1).
This should be based in the readings of metersdnstries. If possible the data should be
disaggregated by type of industry. It should bauged according to ISIC or other equivalent
classification.
» Data from the sewer industry about the number gpédst of industries connected to the sewer
network.
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« Data from the sewer industry about the amount tevaater collected, usually measured at
WWTPs is useful to estimate the amount of wastewdischarged to the sewers by
households.

Sewer industries
e Inventory of WWTPs with flows of operation and typé treatment (primary, secondary,
tertiary) and technology (activated sludge, biosgljskc.)
» Data from the sewerage industry about the numbertgpes of establishments connected to
the sewer network, and estimates of the volumeasitewater collected.
« Data from the sewerage industry about the numbépo$eholds connected to sewer network,
and estimates of the volume of wastewater collected

Industries not connected to the sewer network
* Inventory of discharges from the ministry of enwineent or water authority. The inventory
can provide data about the location of the disa®wmrgnd the volume of water discharged
(IRWS data item H, and possibly H.1, H.2 and H.3).

Agriculture
* The data used to estimate the abstractions of wagggriculture and consumption coefficients

described in the previous section can be useditnae the returns of water.

Thermoelectric plants
* Inventory of thermoelectric plants from the minystsf energy or electric companies. The
inventory can provide data about the location afhethermoelectric plant, the amount of
energy generated, the type of plant, the type oficg system and the volume of water used.

Hydroelectric plants
« Inventory of hydroelectric plants from the ministof energy or electric companies. The
inventory can provide data about the location @hdaydroelectric plant, the amount of energy
generated, and the volume of water used.

Data in the accounts

The data collected is compiled in the supply ane wables as shown below. The column “Other
industries” should be subdivided according to thectic purpose of the accounts.

A complete example is included in the guidelines.

Physical Supply Table (in million cubic metres pear)

Water supply Sewerage Other Households | Flows from the
industry industry industries environment

Sources ol
abstracted
water

Abstracted
water

Wastewater F.3 F.3
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and reuseq
water

Return flows H H H
of water

Evaporation,
transpiration
and

incorporation
into products

Physical Use Table (in million cubic meters perryea

Water supply Sewerage Other Households Flows to the
industry industry industries environment

Sources ol
abstracted
water

Abstracted
water

Wastewater G.3
and reuseq
water

Return flows H
of water

Evaporation,
transpiration
and

incorporation
into products

The tables facilitate the verification of the catency of data. The sum of the rows in the supply
table has to be the same as the sum of the rotteinse table. The sum of columns should also be
the same in the supply and in the use tables; henvelata from the other sections is required to
complete the columns.

Waterborne polluting releases

Pollutants and measuring tests

Returns of water to the environment usually inclpdéutants added by the economic units as a result
of their production processes or consumption pagtewhich affect the receiving water bodies (or
land) in various ways. In order to compile watecaunts and statistics a list of pollutants habdo
defined according to the specific needs of eachntrgu including national and international
legislation.
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The variety of pollutants that can be found in wastters is as wide as the number of elements and
compounds existing in the planet. Different comstrand organizations may group the pollutants
differently according to their specific needs.

Emission statistics and accounts are based orethdts of tests or analyses (e.g. BOD, COD, TSS)
done to wastewater samples. Théssts are used to quantify the different typespafllutants or
substances that caupellution problems in water. It is important to clearly distinguishese three
elements. A brief description of each of the theksments is presented below.

1.

3.

Pollution problems. The discharge of pollutants to water may havenapact on public
health, on the aquatic life and also on some ecanaativities, which may incur in additional
costs for treating the polluted water before usinglany diseases in humans are transmitted
by the ingestion of water contaminated with patimsgeFish require oxygen in water to live
and thrive, but organic matter discharged in waterses the proliferation of micro-organisms
that consume the oxygen present in water. Aquageds and algae may increase in an
uncontrolled way due to an excess of nutrients rfiyanitrates and phosphates) present in
water. Even treated wastewater may contain sno@htigies of pollutants that are harmful for
aquatic life and humans, such as some metalscjpestiand pharmaceutical products.

Pollutants. Polluting discharges include pathogens, whichseadiseases in humans when
ingested. They also include organic matter, wheclood for microorganisms that reproduce

and deplete the oxygen needed by fish. Phosplaasitrogen contained in fertilizers are

nutrients that cause the proliferation of aquateeds and algae, which may affect other forms
of aquatic life and cause problems for navigation.

Tests There is a wide variety of chemical and biolobiests used to detect and quantify the
different types of waterborne pollutants in wastang and also in water bodies. Some tests
are fairly inexpensive and easy to perform and rotests are expensive and difficult to
perform correctly. The choice of the tests in eaolntry depends on the type of pollution
problems that affect the country, the pollutantespnt in water, the way in which the
information will be analyzed and presented, as a®lihe availability of data.

The following table summarizes the main pollutignlgems with the pollutants that cause them and
the tests to measure them.

Problem Pollutants Tests Main issues
Transmission | Pathogenic » Fecal coliforms * Relevant in countries with low
of diseases viruses, bacteria, | « E. coli access to improved sanitation
through water | protozoa, and « Enterococci and improved water sources.

parasitic worms * Important in water bodies
(helminthes) from where people swim.
excreta of people « Data refers to specific locations
with diseases. and is not suitable for
aggregation in accounts.
* This pollution is easily removed
by disinfection in WWTPs.
Reduction of Organic Matter » Biochemical oxygen| ¢ The most widespread type of
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Problem Pollutants Tests Main issues
dissolved demand (BOD) pollution. Commonly referred
oxygen in Chemical oxygen as conventional or classic
water. demand (COD) pollution.

Total organic carbor Most of it is removed by
(TOC) conventional WWTPs with
secondary treatment.
May be less relevant in
countries with high levels of
wastewater treatment.
Proliferation of | Nutrients Total Nitrogen (TN) Conventional WWTPs do not

aquatic weed
and algae
(eutrophication

Total Phosphorus
(TP)

Total Kjehldahl
Nitrogen (TKN)

remove most of the nutrients.
A tertiary treatment is
necessary.

Important if the water goes to

lakes or other water bodies with
slow moving water.

Fertilizers used in agriculture
are an important source of
nutrients and they are difficult

to control because they are ngn-
point sources of pollution.

Poisoning of | Toxic substances Tests to detect the These pollutants are not

aquatic life and| that often presence of metals removed in conventional

humans accumulate (e.g. Arsenic, WWTPs. Special tertiary

through the food Cadmium, treatment techniques are

chain (E.g. metals Chromium) needed.

persistent organic Tests to detect The tests are often expensive

pollutants, and persistent organic and there is no widespread use.

cyanides). Also pollutants (POPs), This category includes metals

known as micro- such as PCBs. persistent organic pollutants

pollutants. Tests to detect (e.g. pesticides and

cyanides. pharmaceutical substances)

Since they are usually present
in small quantities, may not beg
suitable for aggregation in
accounts.

Other Substances that Total Solids (TS) The determination of solids in
change the Total suspended wastewater is a simple and
physical solids (TSS) inexpensive way of quantifying
properties of Temperature the overall amount of pollution),
water. It includes Conductivity when information from more
a wide variety of Acidity (pH) specific tests is not available.
pollutants. Color Temperature is useful for

quantifying the amount of heal
discharged to water, especially

from cooling processes.
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Problem Pollutants Tests Main issues

» Conductivity reflects the
presence of salts.

» Acidity and color reveal the
presence of other pollutants,
mainly from manufacturing
processes.

The choice of the tests used to measure the pmlludr to refer the statistics will depend on the
pollution problems that are considered relevantlieraccounts and statistics to be performed, s we
as the potential availability of data. Economiegarly stages of development will usually put more
emphasis on “conventional” or “classic” pollutan®jch as organic matter. In more advanced
economies with ample wastewater treatment capauityients or poisonous substances may be more
policy relevant.

In any case, it is recommended to start the ddtaction and compilation of statistics and accounts
with guantities referring to classic tesssich as BOD, COD, TSS, TN and TP, which are madely
available and easier to incorporate in the accagrformat. Other variables can be incorporated-.late

A discussion of the main issues to consider fohegpe of pollutant and tests to measure them is
presented below. A more detailed list of testsdusemeasure pollutants in wastewaters and water
bodies is presented Module 3.C.1

a). Pathogens

Pathogenic viruses, bacteria, protozoa and helsio#dn be present in sewage and if not properly
managed can affect people. The following are exesngf pathogens that could be found in water:

» Viruses of hepatitis and polyomielitis.

» Bacteria vibrio cholera and salmonella.

* Protozoa Cryptosporidium parvum and the Giardigbléamn

* Helminths (parasitic worms) Taenia solium and Hstéharzia americanum.

Pathogens are difficult to monitor directly. Irede indicator micro-organisms have been used to
suggest their presence. Commonly used indicatoteba are fecal coliforms, Escherichia coli (E.

coli) and enterococci, which are not pathogenshdtmns are easily removed by disinfection in
WWTPs.

The data about pathogens can be reported in speaifints, such as in places used for swimming, but
it is not suitable for aggregation in emission asds. Also, depending on the characteristics ef th
water bodies, pathogens may die quickly or surlowger, therefore their effect is highly variableda
not suitable of aggregation throughout large areas.

b). Organic matter
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Organic matter is the most common type of pollutafnwater bodies, since it is discharged by
households and different industries. It is thempollutant present in sewage, which contains éacre

collected from households. Organic matter is fémdmany microorganisms that live in water. By

processing their food, these microorganisms congtmaelissolved oxygen in the water that contains
them. The reduction of dissolved oxygen in watadibs affects the health of fish and other aquatic
life. Organic matter is usually not a problem inadinguantities, since it can be eliminated by the
microorganisms naturally living in water bodies.

There are different tests used to estimate the atmmfuorganic matter in a wastewater sample. The
Biochemical Oxygen Demand (BOD) and the Chemicayg@x Demand (COD) are two of the most
commonly used tests:

* BOD provides an indication of the amount of watengobiodegradable organic matter present
in wastewater. It is expressed as the amount gfj@x (mg/lf needed for biochemical
conversion of the organic matter. It is only adicator of the biodegradable organic matter
that can be digested by aerobic micro-organisnse t€st is relatively easy to perform, but it
takes a minimum of five days to complete and if petformed correctly may provide
erroneous results. BQDs measured for a five-day period, while BOQI3 measured for a
seven-day period. BOfs most commonly used around the world.

» COD provides an indication of the total amount @ftevborne organic matter in wastewater,
biodegradable and non-biodegradable. Since itided non-biodegradable matter it is usually
larger than BOD. It is expressed as the amountxggen (mg/l) needed for full chemical
conversion of the organic matter. The test isefattat BOD, since it only takes about two
hours to perform, compared with several days foDBO'he COD test was developed as an
alternative to the lengthier BOD test.

BOD and COD are regularly measured by WWTP opesatsince they are instrumental for the
operation of the plants.

Other tests have been developed to measure orgeatier, such as the Total Organic Carbon (TOC),
which is usually more expensive and requires speetequipment.

The measurements are done for samples of wastewaterare expressed as concentrations (e.g.
mg/L). In order to be able to aggregate the datariecessary to convert the concentrations odds,
which are expressed in mass units (e.g. kg or toms)do this it is necessary to measure or estéimat
the corresponding amount of wastewater for whiah ¢bncentrations were measured, as it will be
explained and exemplified below.

WWTPs usually eliminate more than 80% of the orgamatter present in wastewaters.

c). Nutrients

Phosphorus and nitrogen are essential nutrientthéoplants and animals that make up the aquatic
food web. However, if they are present in excelsy tcause dramatic increases in aquatic plant

% Milligram per liter (mg/L) is equivalent to 0.0@Lof substance in one liter of water. Equivalent fpart per million
(ppm).
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growth and changes in the types of plants, causutgophication. Phosphorus is less abundant in
undisturbed water bodies, therefore even smaleasxs in phosphorus can have a significant impact.

Phosphorus and nitrogen are present in discharges WWTPs, runoff from fertilized lawns and
cropland, failing septic systems, runoff from aninmrenure storage areas. The amount of nutrients
present in wastewater is typically measured by:

» Total nitrogen (TN) provides a measure of the amaimitrogen present in wastewater in
different nitrogen compounds. TN includes orgamicogen, ammonia, nitrates and nitrites,
which are measured using different tests. Eackhe$e forms of nitrogen is biologically
convertible to one of the other forms. The meaverds are typically expressed as
concentration of nitrogen (mg/L).

» Total phosphorus (TP) provides a measure of theuatnaf phosphorus present in wastewater
including organic and inorganic (mineral) phosplsoru The measurements are typically
expresses as concentration of phosphorus (mg/L).

Nitrogen and phosphorus are often measured bypgéeators of WWTPs.

As in the case of organic matter, the measurentamts at different locations may be integrated e th
accounts by aggregation. In order to be able greate the data it is necessary to convert the
concentrations (e.g. mg/L) into loads in mass uetg. kg or tons). To do this it is necessary to
measure or estimate the corresponding amount ofewater for which the concentrations were
measured, as it will be explained and exemplifielbw.

A large proportion of nutrients are dischargedhte environment in the form of non-point sources,
making it difficult to measure. Indirect estimatjcsuch as through the sales of fertilizers shéeld
used in addition to the data collected from pomirses.

WWTPs with only secondary treatment do not remoutrients. Tertiary treatment processes are
necessary to remove residual nitrogen and phospladter secondary treatment.

d). Poisonous substances

The substances included in this category are ttiegecause harm to living beings in small quargitie
and usually accumulate in the food chain, whichmsdaat the concentration is larger in the predator
than in the prey. The main substances includeithisrcategory are metals and metalloids, organic
chemical pollutants (e.g. from pesticides) and @es These substances are detected with
chromatography and spectroscopy techniques.

* Many metals, especially some “heavy metals,” suchkead (Pb), mercury (Hg) and cadmium
(Cd) are highly toxic. They are called “heavy ni&€tdecause they have a high atomic mass.
Some “metalloids,” such as arsenic (As) are alsg taxic. Also some “light metals,” such as
beryllium (Be) are also toxic. Metals and metal®are often found in compounds, which are
also toxic.

« Persistent organic pollutants (POPs) are chemidadtances that persist in the environment,
bioaccumulate through the food web, and pose aais&ausing adverse effects to human
health and the environment. Many of them are com@swf chlorine (organohalogens), such
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as polychlorinated biphenyls (PCBs), and some segl as pesticides, such as DDT. They do
not decompose easily and can be transported |atgndies across international boundaries.

» Cyanides are compounds that have carbon and nitydoye are considered “inorganic” even
though they have carbon. They are toxic substahegsesult from mining and other industrial
processes.

Since relatively small quantities of these pollisahave a great effect, they are also called micro-
pollutants Their effect is usually more punctual and tregjgregation may not be as meaningful as

that of the other pollutants. Nevertheless agdesgean show general emission trends and possible
threats due to their widespread use.

WWTPs with only secondary treatment do not remov&arpollutants. Tertiary treatment processes
are necessary to remove these pollutants.

e). Other pollutants that change the physical pt@seof water

There are other tests and measurements that depsaifically measure any of the pollutants
mentioned above, but are useful for the compilatadnstatistics and accounts, such as Total
Suspended Solids (TSS) and temperature:

» Total Suspended Solids (TSS) provides an unspetiéasure of the amount of waterborne
pollutants in wastewater that can pass a filtere Measurements are typically expressed as
concentration of nitrogen (mg/L).

» Temperature is useful to estimate the amount df the& is discharged in the wastewater. The
temperature is typically measured in Celsius oré&iatheit degrees.

e Conductivity measures the ability of water to pass electrical current. It is used as an
indicator of the presence of salts in water. Saligl to concentrate in returns from irrigated
agricultural fields. It is commonly measured inrS8ens per meter.

TSS is regularly measured by WWTP operators, sinsaenstrumental for the operation of the plants
and can be aggregated for emission accounts.

Other characteristics such as pH, odor, color amdidity may also be measured, but may not be
easily used for emission accounts.

Module 3.C.1presents a list of tests used to measure polkitanwastewaters and water bodies.

Sources of pollution

.a). Point source pollution emissions

Point-source emissions have a clearly identifiadlglet: pipes, ditches, channels or tunnels that
directly discharge wastewater to a water body ¢olahd). Non-point source emissions (often from
diffuse emissions) do not have a clearly identiBabutlet, such as in agriculture, or the number of
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outlets is too large to be identified individualltich as in the case of households not connected to
sewers.

It is relatively easier to control data from poisburce emissions than from non-point source
emissions. Point source emissions can be assbdatenventories of discharges to water, which
should include WWTPs operated by sewerage utildiresompanies and by the different industries.

.b). Non-point source emissions

Data of emissions from non-point sources can henattd indirectly from the amount of pesticides
and fertilizers used in the case of agriculture.

.C). Sources of polluting wastewaters

The following table shows the main sources of sofrtee pollutants found in wastewaters

Group of Pollutants Main wastewater sources
Pollutants
Pathogens Pathogenic viruses, bacteria « Households
and helmiths. . Hospita|s
» Hotels.
Organic Matter | Biodegradable * Households.
» Agroindustries (food industries).
Nutrients Nitrogen e Fertilizers in returns and runoff from

agricultural fields.
» Discharges from WWTPs.
Phosphorus * Fertilizers in returns and runoff from
agricultural fields.
» Discharges from WWTPs.
» Detergents in sewage.

Poisonous Metals * Urban runoff.

substances  Steel industry.

* Industries using electroplating.

» Pesticides, herbicides, defoliants (specially
arsenic).

* Industries that use coal (specially lead).

* Refrigeration and air conditioning industries
(cadmium).
» Leather tanning industry (chromium).
Persistent Organic » Pesticides (e.g. DDT), herbicides.
Pollutants (POPs): PCBs, « PCBs are used as coolants and in electric
PBTSs, etc. components.

* Pharmaceuticals (from pharmaceutical
industries and from household sewage after
consumption).

14

Other Heat » Water used for cooling (E.g. thermoelectrig

DRAFT 51



plants).
Color » Leather tanning industry.

Data collection

Data collection will depend on the list of pollutarthat are considered relevant for the accourds an
statistics to be performed. As mentioned abovie tecommended to start the compilation of the
accounts with measures of pollutants that are madely available, such as BOD, COD, TSS, TN
and TP.

The experts in the National Statistics Office skowbrk in close collaboration with the expertshe t
Ministry of Environment, the Ministry of Water amd/the National Water Authority to compile or
estimate the data required. The following are cemisources of data:
* Water and/or sewage utilities, companies, associgatbr regulators.
* Departments in charge of controlling polluting diamges (they may issue permits, and develop
inventories of polluting discharges).
*Research institutions which may have specific itgusdices or coefficients useful for
estimating emissions.

a). Point source emissions

It is important to first estimate the waterborndlygemn in wastewater collected by sewerage from
household¢IRWS data item J.1). To estimate it the followntaga is useful:

* number of households connected to sewers,

« number of people per household, and

* average amount of polluting emissions per person.

e population connected to sewers and to other samitécilities.

The average amount of polluting emissions per persan be based on measurements from the sewer
industry. A_population equivaletbad is used in many countries to express theupoil in terms of
people.

EXAMPLES:

The Dutch association of drinking water companiéswin) estimates that the pollution load per
inhabitant, measured according to BOD, COD, TKN,ahd SST is as follows:

Measurement test Discharge
or indicator (Grams/inhabitant/day)
BOD5 50-65
COD 90-150
TKN 14-18
TP 2-4
TSS 45-68

Source: Vewin statistics 2008
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In France the population equivalent load is defiasdollows:
Measurement test Discharge
or indicator (Grams/inhabitant/day)
BOD5 60
COD 135
TN 9.8
TP 3.5

The amount of TSS, BOD5, COD, TN and TP, amongrajhantities, collected by the sewer network
can be estimated based on the number of peopleectathto the sewer network and the population
equivalent.

EXAMPLE:
In a country of 50 million inhabitants 85% of thepulation is connected to the sewer network. [The
population equivalent daily load is 70 g of TSSg®® BOD5 and 130 g of COD.
The load expressed as:

BOD5 is 50 million x 60 g/day x 3days = 1.1 tons/year

COD 50 million x 130 g/da®5 days = 2.4 tons/year

TSS 50 million x 70 g/day&5 days = 1.3 tons/year
The load collected by sewerage is 85%

BOD5 0.9 tons/year

COD 2.0 tons/year

TSS 1.1 tons/year

Data from the WWTPs is very useful to estimatediseharges collected by the sewer system and the
emissions discharged to water bodies (data item iK.l1the IRWS). Operators of WWTPs
systematically collect data about the wastewatiwent (flow entering the WWTP) and the effluent
(flow leaving the WWTP). An inventory of WWTPs Wwithe amounts of polluting emissions entering
and leaving (influent and effluent) the plants,ayd plants and method of treatment is very ugeiul

the development emission statistics and accounts.

The operators of WWTPs usually perform frequentistasad may have long records of daily (or even
hourly) concentrations of the different indicatorsAnnual load (mass) values (concentrations
multiplied by the corresponding flow) should be di$er emission accounts. The operation data from
the WWTPs can be compared with the calculationbafsehold emissions to determine industrial
pollution collected by the sewer system (IRWS data item JThe sewerage utility may also have

data about the industries discharging to the ndt\aad the amount of pollution discharged.

For industries not connected to the sewer netvasrknventory of discharges from the ministry of
environment or water authority may be availablée Thventory can provide data about the location of
the discharges and the pollutants discharged (IRIM3 item K.1). In some countries a chart to
estimate the polluting emissions is published (@.dzrance the government publishes a “Tableau des
coefficients specifiques de pollution pour l'estima forfaitaire (TEF),” which is used for the
payment of pollution fees).
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EXAMPLE OF CHARTS TO ESTIMATE POLLUTION

In France, the Water Agencies (“Agences de I'Eadl)ect a fee for the mass of emissions discharged
to water by industries and households. The folhgndischarges pay a fee:

- Biochemical Oxygen Demand for five days (B§)D

- Chemical Oxygen Demand (COD)

- Total suspended solids (TSS)

- Acute toxicity measured with Daphnia

- Dissolved salts, measured with conductivity tests

- Reduced nitrogen (Kjendahl nitrogen) (“azote r€ddR)

- Nitrogen oxide (“azote oxydé” NO, nitrates anttites)

- Total phosphorous (TP)

- Absorbable Organohalogens

- Toxic metals and metalloids. Calculated 10As+56Cd+ 5Cu+50Hg + 5 Ni + 10 Pb + Zn
- Heat

The fees have to be paid for each kilogram (orratinés of measurement) of emissions discharged to
water bodies. The physical and monetary amount® lHa be declared to the authorities. | If
measurement devices are not installed, there Bssimation chart with coefficients for each type| of
industry (the “Tableau d’Estimation Forfaitaire”WVith this information accounts and statistics gre
integrated. SeMlodule 3_K_2for more details about the pollution coefficients.

Agricultureis a special case of industry that returns largeumts of water. However, the waterborne
emissions of these returns are considered non-pourtef pollution (IRWS data item K.2) because
they don't have a specific point of discharge. Tan pollutants in agricultural returns are thgute

of the application of fertilizers and pesticideBollution due to fertilizers can be measured based
nitrogen and phosphorus tests. Pollution due &tigdes can fall in the category of Persistent
Organic Pollution (POPs). These pollutants aneap in large areas washed by natural runoff
resulting from precipitation or the water appliddough irrigation.

The data on point source emissions can be aggregateshown in flows between the different
economic units as shown below.

EXAMPLE OF POLLUTION FLOWS IN FRANCE

The following diagram was published in the 19904H®/Ministry of Environment of France in

preparation of the 1992 water law. The diagram shihwe point polluting emissions discharged
through sewerage. OM = Organic Matter, and TS®tallsuspended solids. WWTP = Wastewate
Treatment Plants. Quantities in million tons pearye

=
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HOUSEHOLDS INDUSTRIES
CONNECTED
TO SEWERS
- OM = 0.364
OM =1.10 TSS =0.24 POLLUTION
TSS =1.745 ELIMINATED
OM =0.885 OM = 0.609
SEWERS w TSS = 0.897
WWTP
OM =0.583
TSS =0.855
il OM = 0.276

NATURAL TSS =0.241

WATER BODIES

The diagram shows that the waterborne emissiomnster bodies in France had about 0.859 tons/year
(0.583+0.276) of organic matter and 1.096 tons/pééotal suspended solids (0.855 + 0.241).
Wastewater treatment plants eliminate 41% of tigamic matter and 45% of the suspended solids
Households are responsible for 75% of the orgamisgons and 88% of the suspended solids.

NOTE: organic matter is estimated as the averagadid and BOD.
Source: Ministere de I'Environnement .- Pour qeali vive: Trois années de concertation et de déssur la gestion de I'eau en
France.- Paris 1992

b). Non-point source emissions

Statistics and accounts of waterborne emissioma fron-point sources to the environment (data item
K.2 in the IRWS) can be estimated based on theefjuigs provided above for the case of agriculture
and households (in the case they are not connéctiné sewer network). Also data of pesticides and
fertilizers purchased by farmers (agriculture) baruseful in estimating the emissions.
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EXAMPLE: The US Environmental Protection Agenc lestimated the amount of fertilizers used in

agriculture in the United States. This is clogehated to non-point pollution of water bodies.

Exhibit 4-16. Commercial fertilizer use in the

us,

=3
=

Fertilizer use
(nutrient pounds per acre of cropland)

M A O O ® O M B
S &5 6 &6 & o o

1960-2006°

T —— ]
L Phosphate

Total

Nitrogen

Potash

Year

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

“Based on sales data. Per-acre use based on the total acreage of
harvested or failed cropland, as determined by USDA's National
Agricultural Statistics Service.

Data source: USDA ERS, 2007a, 2007b

Data in the accounts

The data collected is compiled in the supply and tables as shown below. The column “Other
industries” should be subdivided according to tpectic purpose of the accounts. The list of
substance measurements or pollutants has to beadoneding to the list of pollutants identifiedtive

data collection and compilation strategy.

A complete example is included in the guidelines.

Physical Supply Table for Gross Releases of Subssato Water (in tons per year)

Substance
measurem

ents

Water supply
industry

Sewerage
industry

Other
industries

Households

Flows from the
environment

Emissions (to the environment)

TSS

BOD5

COD

TN

TP

Chromium

Mercury

AN AR AR AR|AR|R|A

AN AR AR|IAR|AR|R|R

AN AR AR|AR|R|R
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Releases (to the economy)
TSS J J
BOD5 J J
COD J J
TN J J
TP J J
Chromium J J
Mercury J J

Physical Use Table for Gross Releases of Substand&ster (in tons per year)

Water supply| Sewerage Other Households | Flows to the
industry industry industries environment
Substance
measurements
Emissions (to the environment)
TSS K
BOD5 K
COD K
TN K
TP K
Chromium K
Mercury K
Releases (to the economy)
TSS J J J
BOD5 J J J
COD J J J
TN J J J
TP J J J
Chromium J J J
Mercury J J J

The tables facilitate the verification of the catency of data. The sum of the rows in the supply
table has to be the same as the sum of the rothe inse table.

BIBLIOGRAPHY

Chapman, Deborah (editor).- Water Quality AssesssneA Guide to Use of Biota, Sediments and
Water in Environmental Monitoring - Second EdittodNESCO/WHO/UNEP 1996.

Water Quality Assessments - A Guide to Use of BiSediments and Water in Environmental
Monitoring - Second Edition. UNESCO/WHO/UNEP .-899
http://www.bfhd.wa.gov/info/tkn.php
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Volunteer Stream Monitoring. A Methods Manualis organized into six chapters. All chapters include
references for further reading. http://water.epa.gov/type/rsl/monitoring/vms11.cfm

http://water.epa.gov/type/rsl/monitoring/vms50.cfm
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IV. Monetary data items

Monetary data items, subheadings L to R in the IRWS
L. Value and cost of water and sewerage services
L.1. Value of shipments/sales/turnover
L.2. Compensation of employees
L.3. Purchases of goods and services
L.4. Purchases of water
L.5. Purchases of sewerage services
M. Taxes
M.1.1 Taxes on products
M.1.2 Other production taxes
N. Subsidies and investment grants
N.1l. Subsidies received
N.1.1 Subsidies on products
N.1.2 Other subsidies on production
N.2. Investment grants
Assets
Capital expenditures
Depreciation
Tariffs and charges
R.1. Volumetric tariffs and charges for watapply
R.2. Fixed charges for water supply
R.3. Volumetric tariffs and charges for sevgeraervices
R.4. Fixed charges for sewerage services

0O TO

Monetary Supply and Use Tables

The main advantage of compiling the Physical Supply Use Tables (PSUT) described in section 2
Is to be able to combine the monetary informatibthe national accounts with physical quantities.
The tables have the same structure in order tbtédeithe combination of information.

Monetary data items L, M, N, P and Q are usuallyt p& the information collected by national
accountants to integrate the production accoumitee SNA supply and use tables showing the IRWS
data items are shown below:

Table 3.3.1. Monetary supply table showing IRWS dat items

Industries (except ISIC 3700
. ISIC 3600 Water
SUPPLY (at basic prices) water supply and . Sewerage
sewerage) PR services
All other products W
Natural water (CPC 18000) L1.1
Sewerage (CPC 94110) L.1.2
TOTAL not in IRWS L.1.1 L.1.2
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The supply table is recorded preferably in basicgst Basic prices, as shown in figure 3.3.1 idelu
subsidies on products and exclude taxes on praducts

The supply table above shows, in each row, theuddip products from each industry shown in the
columns. All products can be produced by the teffié industries, but if the industries are broketo i
establishments and classified accordingly, it igeeted that most of the output from the water suppl
industry (ISIC 3600) is natural water (CPC 180@0)J] most of the output from the sewerage industry
(ISIC 3700) is sewerage service (CPC 94110). dxigected that the other industries do not produce
water or provide sewerage services, or that thedymtion is relatively small. Therefore the
production numbers appear mainly in the diagorsashewn above.

The use table below shows, in each row, the intdiae consumption by products by each industry
shown in the columns. By subtracting the totalthm use table to the totals in the supply tablaesa
added is found.

Value added represents the contribution of labal eapital to the production process (SNA 6.71).
Therefore the compensation of employees (data ite/dd and L.2.2) is part of the value added.
Also, other taxes on production (data items M.1dghd M.1.2.2) are part of the value added.

Table 3.3.2. Monetary use table showing IRWS dataams

Industries (except ISIC 3700
] ISIC 3600 Water
USE (at purchasers' or producers' prices) | water supply and Sewerage
sewerage) supply services
All other products not in IRWS L.3.1 L.3.2
Natural water (CPC 18000) L.4
Sewerage (CPC 94110) L.5
TOTAL not in IRWS L.3.1 L.3.2
GROSS VALUE ADDED (at basic prices) not in IRWS L.1.1-L3.1 L.1.2-L.3.2
Of which:
Compensation of employees not in IRWS L2.1 L.2.2
Other taxes on production not in IRWS M.1.2.1 M.1.2.2

The supply table is shown in basic prices and g® table in purchasers’ or producers’ prices (see
below the discussion regarding prices), so theevalided obtained is defined as “Gross Value Added
(GVA)" at basic prices in the SNA. These priceffect what is actually payable and receivable ey th
producer.

Purchasers’ prices are equal to basic prices phestless subsidies on products (data items Mrd1 a
N.1.1), plus separately invoiced transport chargks wholesalers’ and retailers’ margins, plusiéal
Added Tax (VAT) not deductible by the purchaser.at&¥ and sewerage industries do not invoice
transport charges separately. Also, there are holesalers’ or retailers’ margins. Therefore
purchasers’ prices are equal to producers’ prices.

The relationships of prices are shown in the fichgow.
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Figure 3.3.1. Relationships between basic and proders’ prices

N.1.1 Subsidies on

N.1.1 Subsidies on

products products
Output excluding Output at
taxes and subsidies basic prices
Output at

on products (L.1in

d " pri
producers' prices IRWS)

D21 Taxes prods M.1.1 Taxes prods

Therefore, if L.1.1 and L.1.2 do not include neittaxes nor subsidies on products, then:
L.1.1 + M.1.1.1 = output of natural water at proers’ prices (CPC 18000), and
L.1.2 + M.1.1.2 = output of sewerage servicesG®R100) at producers’ prices
L.1.1 + N.1.1.1 = output of natural water at proeis’ prices (CPC 18000), and
L.1.2 + N.1.1.2 = output of sewerage servicesG@R100) at producers’ prices

It is important to mention that values in accougttables are recorded in accrual terms, this means
that they are recorded at the time economic vaugr@ated, transformed, exchanged, transferred or
extinguished. For this reason, output is recordedhe amount receivable (which corresponds to
billed amounts). However, often water and sewerdgigies are unable to collect the total amounts
billed. For this reason it is important to recandthe financial assets the accounts receivablégtwh
often will not be collected and will have to be thn off. A complete example is shown in chapter 5

Capital Accounts

The capital accounts, analogous to the physicatasscounts presented in the first section of this
chapter, show the value of the water supply ancesmye assets through time.
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Table 3.3.3. Capital account showing IRWS data item

Water supply

Sewerage

Opening stock of fixed capital

Opening 0.1.1 | Opening 0.1.2

Increases of value of fixed capital

Gross fixed capital formation P.1.1 P.1.2
Other changes in value of fixed assets| notin IRWS not in IRWS
Reductions of value of fixed capital
Consumption of fixed capital Q1.1 Q1.2
Other reduction in value of fixed assets| notin IRWS not in IRWS
Closing stock of fixed capital Closing 0.1.1 | Closing 0.1.2

The following figure shows the interrelations oéttifferent data items described above for the case
in which the output (value of shipment/sales/tuervs enough to have a net fixed capital formation
The column on the left shows the financial supplg ghe columns of the right shows the financial

demand.

Figure 3.3.2. Relationships among different IRWS meetary data items

for the scenario in which all expenses are financed

D31 Subsidies on products
1000

Output excluding
taxes and subsidies on products
62 802

F Acquisition of accounts
receivable
24 100

B102 Changes in volume
(write off of accounts
receivable)

24 100

F Acquisition of other financial
assets 2 359

P5g Gross Capital Formation
7498

P51c Consumption of
Fixed Capital 10 598

D4 Prop. Inc. 200

D29 Other taxes 300

D1 Compensation of employees
11675

P2 Intermediate consumption at
purchasers' price
17 670

D21 Taxes prods 100

D21 Taxes prods 100

| B10 Changes in net worth -741 |

The case shown in the figure has two charactesistit the expenses are financed by the sales of

water, and the fixed capital (the water supplyasfructure) is improved, since there is a net fixed
capital formation. The following table shows th#edent combinations:
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Scenario

Tariffs and changes in
net worth

Description

1. Independent and
creating a better
future

“Tariff”/”3Ts” = 100%

Changes in net worth >0

The users finance the industry through the payment of
tariffs. The changes in net worth are positive, which
means that the industry has enough financial resources
to cover the consumption of fixed capital, and also the
expansion or improvement of the infrastructure.

2. Independent, but
business as usual

“Tariff”/”3Ts” = 100%

Changes in net worth=0

The users finance the industry through the payment of
tariffs. The changes in net worth are zero, which means
that the industry has enough financial resources to
cover the consumption of fixed capital, but no
additional resources are available for expansion or
improvement of the infrastructure.

3. Independent, but

living from history

“Tariff”/”3Ts” = 100%

Changes in net worth <0

The users finance the industry through the payment of
tariffs. The changes in net worth are negative, which
means that the industry does not have enough financial
resources to cover the consumption of fixed capital.
There is a financial gap that will be reflected by the
deterioration of the infrastructure.

4. Dependent, but
making a better
future

“Tariff”/”3Ts” < 100%

Changes in net worth >0

The payment of tariffs by the users is complemented
with taxpayers money or funds from foreign aid. The
changes in net worth are positive, which means that the
industry has enough financial resources to cover the
consumption of fixed capital, and also the expansion or
improvement of the infrastructure.

5. Dependent, and in
business as usual

“Tariff”/”3Ts” = 100%

Changes in net worth =0

The payment of tariffs by the users is complemented
with taxpayers money or funds from foreign aid. The
changes in net worth are zero, which means that the
industry has enough financial resources to cover the
consumption of fixed capital, but no additional
resources are available for expansion or improvement
of the infrastructure.

6. Dependent and
living from history

“Tariff”/”3Ts” < 100%

Changes in net worth <0

The payment of tariffs by the users is complemented
with taxpayers money or funds from foreign aid. The
changes in net worth are negative, which means that
the industry does not have enough financial resources
to cover the consumption of fixed capital. There is a
financial gap that will be reflected in the deterioration
of the infrastructure.
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The three Ts

In order to better communicate the different scesaro policy makers, the OECD has defined the
three Ts of drinking water supply and sanitatidie three Ts are “Tariffs,” “Taxes,” and “Transférs

» “Tariffs” refer to the sales of water to the userscluding taxes and subsidies.

» “Taxes” refer to the financial resources receivednf the local, provincial or national
government, and include subsidies on products dhdrdransfers for operation or capital
expenditures.

» “Transfers” refer to the financial resources reedifrom other countries and may be applied
via subsidies on products or other different trarsfor operation and capital expenditures.

The three first scenarios depicted above are casesich “Tariffs” is a 100% and “Taxes,” and
“Transfers” are 0% of the total expenditures.

The last three scenarios depicted above are aasdsch “Tariffs” are less than a 100%, and “Taxes”
and “Transfers” are more than 0%.

Regardless of the mixture of the three Ts, it ipamant to note that cases 1 and 4 are highly alasir
cases 2 and 5 are less desirable, and cases 3shiod|fl definitely be avoided.

Water supply and sewerage tariffs and charges

Tariffs and charges (data item R) connect the naopedata with the physical data. Tariffs and
charges are prices which link quantities (“physigaantities”) with value. The SNA provides the
following definition: value (v) at the level of angle, homogeneous good or service is equal to the
price per unit of quantity (p) multiplied by thember of quantity units (q), thatis v =p * g. (SNA
15.10).

In a similar way tariffs and charges (data item)RnLltiplied by quantities supplied (data item F.1)
are equal to value (data item L.1). However, there@isually an offset, which is a fixed amount
charged independently of the quantity of produgipdied. Therefore:

For water supply:
L1.1=F1*R1+R.2 (F.2 could also beliled if there are exports of water)

For sewerage:
L.12=F.3*R.3+R4 (F.4 could also belired if there are exports of wastewater)

The water supplied (data item F.1) is the watdedito the users, which is charged at a volumetric
rate (data item R.1) in addition to a minimum cefl charge, charged regardless of the amount of
water used (data item R.2).

In a similar way, sewerage is charged based oudhene of wastewater collected (data item F.3.1), a
volumetric rate (data item R.3) and a minimum gedi charge (data item R.4). Often, only the water

DRAFT 64



supplied is measured, and the sewage collecteohysestimated based on the amount of water
billed.

EXAMPLE:

Metered Water Rates in New York City, for housekold
A. The charge for water measured by meter is $3.18mehundred cubic feet provided (1.12 USE)/m
B. The minimum charge imposed for water service ig3@er day per water meter within a Bill Perio

The following figure shows the tariff structure

A
USD per month

12.9

> Cubic meters of water
received per month

The wastewater charge for any property supplietl witer from the Water Supply System is one hundred
fifty-nine percent (159%) of the charges for watepplied to that property from the system, inclgdamy
surcharges, unless otherwise provided in the Rettecile.

Source: New York City Water Board, water and wastewrate schedule, effective July 2011

.

Water supply and wastewater collection companiagitities may have different tariff structures.
However, the price structure usually has the follmgielements:
A fixed price (f), which is independent of the ambof water consumed (data item R.2 and

R.4).

A minimum volume (m), for which consumers only fhg fixed price and beyond which a

volumetric price is applied.
Blocks for which different unit prices are estabéd (data items R.1 and R.3).

The figure below shows the various possibilitiesaniff structures. The graphs show the volumetric
amount of water billed in the horizontal axis, dhed total monetary amount to be paid in the vdrtica

axis.

DR

The tariff structure type C-3 is very comniomany countries.
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Figure 3.3.3. Tariff structures used for water supty and sewerage

TYPE A (flat) B C D E
Constant increase IBT= Increasing Block DBT= Decreasing VDT= Volume
Tariffs Block Tariffs Differentiated Tariffs
(“with memory”) (“no memory”)
1. Without fixed $ 54
part 0 $ | j
q q
q q
2. With fixed <
part s $4 5“/ s“/ $I
0
/ . fo)
f el
f f f i
> > > —
4 q q q q
3. With fixed °
part and s4 s4 <A
minumum s o
volume
f f ‘ fl s
> — ]
m — > e
q m q m q m a

In the graphs, f= fixed part of the tariff, whichpaid regardless of amount of water used (dataRRe2 and R.4), q is quantity of water
billed (data item G.1) in physical data.

Tariff structures may be different for householdenjetimes referred as “domestic or residential
tariff”) and for the different industries connectedthe water supply network.

In many cases there are tariff collection problesaspnly one portion of the water billed is actyall
paid. It is therefore important to quantify theportion of water billed that is actually paid.

Integrating data into the accounts

Some of the data required may have already bedgctad for the compilation of national accounts. |
may have been collected through economic censusasweys applied to water supply and sewerage
industries. Additional data may be required from #stablishments performing the activities of water
supply and sewerage. It is therefore key to iflentater supply and sewerage utilities.

In addition to water utilities, other industries ynaerform the activities of water supply and sewera
as a secondary activity. Also households may pertbe activities on own account. Data needs to be
collected or estimated from these industries oskbalds.
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A brief description of the raw data and processiagded to incorporate them in the accounts follows.
General information about the collection of econonata from industries can be found in the
collection of monetary data from industries carfdaend in the International Recommendations for
Industrial Statistics 2008:

Data item Raw data that can be used Processed datafor the accounts
L.1. Value of * Inventory of water and » Sales should exclude taxes gn
shipment/sales/ sewerage utilities. products, and exclude
turnover » Data on sales of water from subsidies on products.
financial accounts of water » Compare data with national
and sewerage utilities. accounts data.

e Output of the ISIC 3600 and
ISIC 3700 columns in the
national accounts.

L.2 Compensation of » Data on remuneration paid * The value of remuneration in
employees to employees from financia cash or in kind paid to the
accounts from of water and employees.

sewerage utilities.

o
.

L.3 Purchases of goo Data on sales of water from * Purchases should include taxes

and services financial accounts of water on products and exclude any
and sewerage utilities. subsidies on products.

* Intermediate consumption
of the ISIC 3600 and ISIC
3700 columns in the
national accounts at
purchaser’s prices.

M.1.1 Taxes on « Data on the taxes payable by « Basic prices exclude all taxes
products the purchaser for the amount on products.
of water received from the
utilities or the sewerage
service received. It excludes
VAT because it is
“deductible” (SNA 7.89)

174

M.1.2 Other « Data on all taxes payable * Important to include taxes,

production taxes that are not taxes on “royalties” or “duties” paid for
products. They include the volume of water abstracted
payroll taxes, recurrent taxes or the pollution discharged in
on buildings or other water bodies. These taxes
structures, and taxes on may also be considered as rent
pollution (SNA 7.97). (property income) for the use

of subsolil resources or
royalties for permission to
extract resources (SNA 7.154

and 7.160)
N.1.1 Subsidies on e Data on the subsidies for the < Basic prices include all
products amount of water received subsidies on products.
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Data item

Raw data that can be used

Processed datafor the accounts

from the utilities or the
sewerage service received

N.1.2 Other subsidies
on production

Data on subsidies, except
subsidies on products, that
are receivable by the
producer for engaging on
the production of water or
sewerage. They include
subsidies on payroll, and
subsidies to reduce
pollution.

Includes subsidies for
reducing pollution.

0.1 Gross value of
fixed assets

Inventory of water and
sewerage infrastructure.
Valuation of the
infrastructure

Difficult to calculate with
precision. Need to make
estimates based on the main
components of the
infrastructure.

P.1 Capital
expenditure (CAPEX

Value of expenditures on
new and fixed assets.
Fixed capital formation fron
the national accounts. Nee
to find mainly in
construction rows.

L
d

Q. Depreciation

The loss of value of fixed
asset. Need to use SNA
methodologies.

Fixed capital consumption
in the accounts.

Compare data from financial
accounts and national
accounts.

R. Tariffs and charge

U

Tariff schedules from water
and sewerage utilities. See
the structures shown in

figure 3.3.3

Find average tariffs for
households and different type
of industries.

S

Connecting the pieces of information

The monetary supply and use tables for the Shipta@inple are shown below.

Figure 3.3.4. Monetary Supply Table of Shipland (niion dollars per year)
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ISIC 05-33, 41
ISIC01-03 | 43,38,39,45- | ISIC3510-1 | ISIC3510-2 | ISIC 3600-1 ISIC 3700 ISIC 5222
99
. Water Sewerage X
X Cooling - e Operation of
Agriculture | Manufacture Hydroelectrici utilities (sewage
SUPPLY . X (thermoelectr| o X waterway
and livestock | and services L ty (drinking |collection and
icity) locks
water) treatment)
Various CPCs All other products 1200 6000 400 200 50 45 1700
CPC 18000-2 Bulk or raw water 0.05
CPC 18000-1 Drinking water
TOTAL 1200 6000 400 200 50 45 1700.05
Figure 3.3.5. Monetary Use Table of Shipland (milon dollars per year)
ISIC 05-33, 41
ISIC01-03 | 43,38,39,45-| ISIC3510-1 | ISIC3510-2 | ISIC 3600-1 ISIC 3700 ISIC 5222
99
R Water Sewerage X
X Cooling - e Operation of
Agriculture | Manufacture Hydroelectrici utilities (sewage
USE . . (thermoelectr . X waterway
and livestock | and services L ty (drinking |collection and
icity) locks (ACP)
water) treatment)
Various CPCs All other products 320 435 75 15 30 25 118
CPC 18000-2 Bulk or raw water 0.1
CPC 18000-1 Drinking water
TOTAL 320 435 75 15 30 25 118.1
|GROSS VALUE ADDED 880| 5990 325 185 20 20 1581.95

Combining the information from the monetary and fite/sical tables several indicators may be
calculated. For example:

* Value added per cubic meter of water abstractethbywaterway locks industry 1581 mill
USD/2558 mill. m3 = 0.62 USD/m3

* Value added per cubic meter of water used by theufaature and services industries 5990
mill USD/187 mill m3 = 32.0 USD/m3

Examples
The graph below shows the gross output, intermediansumption, compensation of employees,

consumption of fixed capital, and net fixed capftaination for the Republic of Mauritius between
2000 and 2010.
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Water supply and sewerage in Mauritius (million rupees)
3500
3000
2500 -
M Net Fixed Capital Formation (NFCF)
2000 - B Consumption of Fixed Capital (CFC)
M Compensation of employees (CE)
M Intermediate consumption (IC)
1500 -
M Gross output (GO)
1000 -
500
o0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: Statistics Mauritius. Preliminary dataO NOT CITE.

BIBLIOGRAPHY:
United Nations.- International Recommendationdridustrial Statistics 2008.
United Nations.- System of National Accounts 2008.

OECD.- Managing Water for All: An OECD Perspectore Pricing and Financing. 2009
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V. Water-related social-demographic data items
Social demographic data items in the IRWS aredisteder subheadings S, population by main source

of drinking water, and T, population by type ofléviand sewage disposal. These data items are the
basis for reporting on indicators 7.8 and 7.9 efMhllennium Development Goals (MDG).

Population by main source of drinking water

The population using improved drinking water soarégata item S.1)s defined as the population
using drinking water from a facility that, by nagusf its construction or through active interventics
protected from outside contamination and in paldicirom contamination with fecal matter.

Improved drinking water sources include
* piped water into dwelling,
* piped water into plot or yard;
e public tap/standpipe;
* borehole/tube well;
» protected dug well;
* protected spring;
* rainwater collection and bottled water. Users dtlbd water are considered to have access to
improved sources only when they have a secondamgcsavhich is of an otherwise improved

type.

Improved drinking water sources do not include:
e unprotected wells,
e unprotected springs,
» water provided by carts with small tanks/drums,
« tanker truck-provided water and bottled water (#e@ondary source is not improved)
« surface water taken directly from rivers, pondssamns, lakes, dams, or irrigation channels.

The data can be obtained from censuses, whichesreragjly conducted every 10 years, and from
household surveys, which are generally conductedye¥to 5 years. Line ministries and water
utilities keep records on the number and type ofifees constructed. This information can be usef
when a census or survey is not available or faa Batween censuses and surveys.

The following disaggregation of the data is dedeab

Rural Urban Total

Piped connections on premiseg
Of which:

Piped into dwelling
Piped to yard/plot
Public tap or standpipe
Tubewell or borehole
Protected dug well
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Protected spring

Rainwater

Unimproved sources
Based on categories presented at www.wssinfo.org

Geographical and socio-economic disaggregatioressrable. Information on who usually goes to
collect water for the household, especially in hargas, by sex and age group is useful for arsabysi
gender equality issues.

Population by type of toilet and sewage disposal ed

The population using improved sanitation facilidata item T.1)s defined as the population using a
sanitation facility that hygienically separates famexcreta from human, animal and insect contact.

Improved sanitation facilitiesclude:

flush/pour-flush toilets or latrines connected teeaver,
septic tank, or pit;
ventilated improved pit latrines;

pit latrines with a slab or platform of any matémdnich covers the pit entirely, except for the
drop hole;

composting toilets/latrines.

Improved sanitation facilities do niclude:

public or shared facilities of an otherwise impravgype;

flush/pour-flush toilets that discharge directlyaran open sewer or ditch or elsewhere;
pit latrines without a slab;

bucket latrines;

hanging toilets or latrines;

open defecation in the bush, field or bodies ofenat

The following disaggregation of the data is dedeab

Rural Urban Total

Flush toilet to piped sewer system
Flush toilet to septic tank
Flush/pour flush to pit latrine
Ventilated improved pit latrine
(VIP)
Pit latrine with slab
Composting toilet
"flush/pour flush to unknown
place”
Unimproved sanitation

Based on categories presenteghatv.wssinfo.org
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In order to compile the tables shown above, itmipartant to define urban and rural population. The
definitions are different in different countriesSome countries define it based on the number of
inhabitants of a geographical unit. Delimitatidiesed on maps of different population densities may
yield more realistic delimitations.

Geographical and socio-economic disaggregatioresrable. Information on who usually goes to
collect water for the household, especially in rargas, by sex and age group is useful for arsbysi

gender equality issues.

Data processing

A brief description of the raw data and processiagded to incorporate them in the accounts is

described below:

Data item

Raw data commonly available

Processed dafor the accounts

S.1.1 Piped water
into the housing
unit/living quarters

Number of households with
piped water from population
censuses and household
surveys

Number of drinking water
supply connections to
households from drinking
water utilities

Based on the criteria to defin
urban and rural population,
and the number of people tha
form a household it is possibl
to estimate the number of
people with piped water.
Connections refer to dwelling
where more than one
household can live. Need to
define the number of people
each dwelling.

Censuses and surveys can b
used as reference to check
administrative data from wate
utilities.

S.1.2. Public * Number of households that » Based on the criteria to define
standpipe use water from public urban and rural population,
standpipes from population and the number of people that
censuses and household form a household it is possible
surveys to estimate the number of
* Number of public standpipes people that use public
through which the water standpipes.
utilities supply water. » Water utilities may provide
the number of standpipes
installed. An estimate of the
number of people that use
each standpipe may be useful
to estimate the coverage.

* Censuses and surveys can be
used as reference to check
administrative data from water
utilities.
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Data item

Raw data commonly available

Processed dafor the accounts

S.1.3 Boreholes

Data from population
censuses and household
surveys.

Similar to previous case

S.1.4 Protected dug
wells

Data from population
censuses and household
surveys.

Similar to previous case

S.1.5 Protected
springs

Data from population
censuses and household
surveys.

Similar to previous case

S.1.6 Rainwater
collection

Data from population
censuses and household
surveys.

Similar to previous case

S.1.7 Bottled water
(along with other
improved sources fo
hygiene and
cooking)

Data from population
censuses and household
surveys.

Similar to previous case

T.1.1 Flush/pour or
flush toilet to piped
sewer system

T.1.2 Flush/pour or
flush toilet to septic
tank

T.1.3 Flush/pour
toilet to pit

T.1.4 Ventilated
improved pit (VIP)
latrine

T.1.5 Pit latrine with
slab

T.1.6 Composting
toilet/latrine

Number of households with
connections to the sewer
system from population
censuses and surveys
Number of sewer connections
to households from sewerage
utilities

Based on the criteria to defin
urban and rural population,
and the number of people tha
form a household it is possibl
to estimate the number of
people with connection to the
sewer system. More details
may be hard to determine.
Connections refer to dwelling
where more than one
household can live. Need to
define the number of people
each dwelling.

Censuses and surveys can b
used as reference to check
administrative data from
sewerage utilities.

Specific surveys should be
designed to obtain more
detailed information.

(D

)
—

D

The data can be obtained from censuses, which emerglly conducted every 10 years, and from
household surveys, which are generally conductedye¥ to 5 years. Line ministries and sewerage
utilities keep records on the number and type oilifees constructed. This information can be usef
when a census or survey is not available or foa datween censuses and surveys.
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EXAMPLE: POPULATION CENSUSES IN MEXICO

The National Institute of Statistics and Geographiexico (INEGI) has performed a population
census every five years since 1990. The censuslesiéthe number of households and number of
inhabitants in households with the following chagsistics:

Piped water inside the household

Piped water outside of the household, but in tloé pl

Access to piped water from a neighboring household

A public tap or standpipe

Household drains connected to the public seweratyeank.

Household drains connected to a septic tank

Household drains that discharge to a river, laki® the sea.

Household drains that discharge to a cliff or crack

In partnershlp with the National Water CommissiéiVexico (CONAGUA) the information
collected is analyzed according to different siaiegopulation centers. See results in module 3.5.1

ONOG A WNE

o

Source: CONAGUA .- Analisis de la Informacion dejua de los Censos y Conteos 1990 a 2005.- Mexi@a. 2
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Indicators for Monitoring the Millennium Developnte@oals .- Definitions, Rationale, Concepts and
Sources.http://mdgs.un.org/unsd/mi/wiki/MainPage.ashx
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