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Traducción libre

“When I use a word,” Humpty Dumpty said, in a 

rather a scornful tone, “it means just what I 

choose it to mean—neither more nor less.”

“The question is,” said Alice, “whether 

you can make words mean so many different 

things.”

“The question is,” said Humpty Dumpty, “which 

is to be master that’s all.”

We speak the language of our particular discipline, our specific field of expertise.  
Inter-disciplinary work is sometimes similar to building the Babel tower.

This presentation concentrates on concepts, rather than words. It reviews the basic
building blocks of water accounts from a system’s perspective.
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Esperanto was developed hoping (Mr. Hope) to increase understanding between
nations and cultures. Perhaps there is a need for practical approaches that
promote common understanding with small training investments.

The solution of environmental problems requires simple intuitive languages that can help 
build shared visions.  Correct coding and standardization is also required.
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With these simple elements it is possible to describe the dynamics of complex systems.

The example above can be expressed as follows in mathematical terms.

𝜕𝑀𝑜𝑛𝑒𝑦

𝜕𝑡
= 𝑠𝑎𝑣𝑖𝑛𝑔 𝑡 − 𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔(𝑡) 

 

The language of “stocks” and “flows” is useful to talk about dynamic processes. A
sentence has a noun and a verb. The “stocks” are like the nouns and the “flows”
are like the verbs. For example: by saving I increase money saved; by spending I
decrease money saved.
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The equations shown above can be solved by integration of the function that describes the 
movement. Everything has to be expressed in the same measuring units.

The following example refers to a closed system (there are no clouds). The
example tells us that by moving the energy stored is depleted, but at the same
time the position is changed.

The example above can be expressed as follows in mathematical terms.

𝜕𝐸𝑛𝑒𝑟𝑔𝑦

𝜕𝑡
= −𝑚𝑜𝑣𝑖𝑛𝑔 𝑡  

𝜕𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝜕𝑡
= 𝑚𝑜𝑣𝑖𝑛𝑔(𝑡) 
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All the flows and stocks have to be expressed in the same measuring units.  One way of 
achieving this is using monetary units calculated with uniform criteria.

In a similar way the transactions in a society can be described. Even though the
example is very simple, more detail can be added to communicate useful
information for decision making.
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Due to the complexities associated with measuring the atmospheric and oceanic stocks, it 
is more practical to use an open system model (with clouds showing the boundaries)

In a similar way the water cycle can be described. It is possible to consider that it
is a closed system where the law of mass conservation has to hold. For simplicity
not all the flows are shown.
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SEEA-Water is based on a stock-flow model comprising two main subsystems: the
inland water resource system and the economy.
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The details of each subsystem are shown in the following diagram
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The following simple example shows how the stock flow models can be
transformed into a matrix

Diagrams and matrices are equivalent.  Diagrams are easier to understand, but become 
messy with all the details. 

Therefore, for a
time step:
DS1 = f1+f2-f3
DS2 = f3-f2-f4

Out S1 S2 SR SC D

Out 0 f1 0 SR1 SC1

S1 0 0 f3 SR2 SC2 DS1

S2 f4 f2 0 SR3 SC3 DS2

SC SC1 SC2 SC3

The equations can be arranged as a matrix
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It is relatively simple to compile the standard SEEA-Water tables with the hypermatrix.

The flows described in the diagrams can be transformed into a «hypermatrix», in
which the law of conservation of mass has to hold (all rows should be equal to all
columns, except when there are changes in the stocks)
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Each cell of the hypermatrix describes a specific concept.
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Dry years are recorded in the stock time series.

Example: stocks of water in artificial reservoirs in Mexico, 1990-2009. In millions
of cubic meters.
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Longer time series can help in the identification of cycles.

Example: stocks of water in Chapala lake, Mexico, 1942-2009. In millions of cubic
meters.
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Using the right units to improve understanding. International standards.

USE DO NOT USE

hm3 = cubic hectometers = 1 000 000 m3

The prefixes milli (m), centi (c ), hecto
(h), etc are written in lower case.

The prefixes mega (M), giga (G), tera (T),
etc are written in upper case.

Watts (W), Newtons (N), etc are written
in upper case.

Meter (m) is written in lower case,
without a dot.

Flows are rates, therefore are expressed
per unit of time. USD/year, m3/s,
TWh/year

Mm3 remember that the prefix is
affected by the exponent. This is a
huge unit.

Gm3 is even a larger unit.

1,000,000. Do not use commas to
separate thousands. The comma is
confused with the decimal point.
Use spaces.



Thank you!

Ricardo MARTINEZ-LAGUNES (martinezr@un.org)
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The selection of the time and space scales of observation depend on the type of 
phenomena being studied.

The concept of scale is very important for measuring and interpretation of results..
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For water management sometimes an annual resolution might be insufficient, requiring 
monthly measurements.  Geographically the resolution at the level of nation might be 
insufficient, requiring studies at river basin level or even at sub-basin level. 

The following example shows a cyclic behavior through time, which is only visible
using the right scale of time.
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Example of a simple dynamic system. A snapshot shows stocks (states), but not
flows (change). It is possible to see the position of the vehicles, but it is impossible
to know if they are moving.

A collection of several snapshots can provide information about the changes in the system,
so that future situations are predicted.



20

If the shutter speed of the camera is lower than the speed of the cars, then
movement is “captured”. The following picture is actually an overlapping of
several images.

Shutter speed is analogous to time step in system dynamics. Depending on the time step
different dynamics are captured (or not captured).
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Sometimes change is imperceptible in “short” time periods. The mountain in the
picture is also moving (it’s changing), except that the movement happens in
geologic times.

Depending on the problem, time steps can be of one hour, one day, one month, one year,
or even several years. Statisticians have to take «pictures» that capture the relevant
elements for present and future users.
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This simple model can help us to predict the position of one of the cars in one of
the previous pictures:

The position of the car is a function of its speed, which is a function of time.

The solution is simply:
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A more complex model can be elaborated. In this case the speed of the car is
modeled as accumulated acceleration, which makes Newton’s law more explicit;
therefore the model might be more useful

More complicated models can be built.  The solution will be a system of differential 
equations.  Numerical solutions solve for finite time steps.

The solution is then:

𝐷𝑖𝑠𝑡𝑡 =  𝐷𝑖𝑠𝑡0 +   𝐴𝑐𝑐𝑒𝑙 𝑑𝑡𝑑𝑡
𝑡

0
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• Diamonds abstracted in one year 26 tons/year

• Oil produced in one year 5 000 000 000 tons/year

• Maize produced in one year 800 000 000 tons/year

• Water turbinated in hydroelectric plants 20 000 000 000 000 tons/year

• Water abstracted for agriculture 2 500 000 000 000 tons/year

• Water abstracted to supply cities 400 000 000 000 tons/year

Water is used in very large quantities. See comparisons (orders of magnitude
worldwide):

Water is much more abundant than other natural resources.  Water is bulky and therefore 
cannot be moved as far as other resources.  Water is mainly a local issue.
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In the case of water, the concepts of stocks and flows are easily transferred and
understood.

The main governing law is the conservation of mass, within the economic and
inland water susbsystems. Therefore:

Based on this laws it is possible to derive a system of equations. NOTE: the conservation 
of mass includes all liquid flows within the boundaries of the model AND water leaving 
the boundaries (e.g. evaporation, discharges to the sea,  AND “consumption”)

Since water is a bulky commodity stocks in the economic subsystem are negligible,
therefore it is assumed that stocks in the economy = 0, initial stock = 0
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The different specialists can work together assembling stock and flow diagrams.
The concepts are easily understood due to the flowing nature of water.

There are strict rules that have to be followed when assembling a stock flow model.  There 
are specialized software packages to help in the task.
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Minimum water-management-
relevant breakdown

# Medium Remarks

1 Atmosphere Precipitation and 
evaporation

2 Soil water Not measured

3 Surface Water Levels in lakes are 
constantly 
measured

4 Ground water

5 Sea

6 RoW Measured when 
treaties exist

# Industry code Remarks

1 ISIC 1-3 irrigated Agriculture.  Usually the 
largest user and consumer.

2 ISIC 1-3 rainfed Agriculture.  Green water. 

3 ISIC 36 not for city 
water supply

Could be associations of 
irrigators

4 ISIC 36 for city 
networks

5 ISIC 37 Sewers.  Separate urban 
runoff

6 ISIC 35 cooling Cooling sometimes is 
excluded due to its low 
consumption

7 ISIC 35

hydroelectricity

A major user, usually 
considered separate for not 
being consumptive.

8 Other ISIC All the industries not listed 
before

9 Households

Inland water resources 
and boundaries

Economy

The “hypermatrix” would have (9+6)*(9+6) = 225 cells.  Only about 46 data items 
are highly relevant
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Location in space and time determine value. In the same river basin upstream
water has a much higher value than downstream water.

Within a river basin it is important to make a separation between upstream and 
downstream flows and stocks.

Newspapers
“Upstream” of
the “train”
basin

Newspapers 
“Downstream” of 
the “train” basin
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Besides quantitative aspects of water it is important to examine waterborne
emissions. In the case of emissions the equations for conservation of mass are
not very useful.

Similar diagrams and matrices can be elaborated for emission accounts.  NOTE: stocks in 
the quantitative model are usually assets.  In the emissions model they are liabilities.

Quantitative model Emissions model
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Hipermatriz de instituciones
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Ejemplos de indicadores publicados por el ente regulador de las empresas de agua
potable, alcantarillado y saneamiento en el Reino Unido (Ofwat)
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Ejemplos de indicadores publicados por el ente regulador de las empresas de agua
potable, alcantarillado y saneamiento en el Reino Unido (Ofwat)


