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1 II I 

lan 1 1 Use of mathematical models 1 
UNDP /FAO I I  in water resources l 

I 

'Lebanon 1 3  

and water management  studies 
1 I l  J 

To as the 
of in a 

the 
may  use a sample of 
flows the in question the 
exact of  flows in 
the 

is unable to 
the of 

to this dilemma  is the use of 

time  but utility was limited due to 
the amount of manual calcu- 
lations The has solved 

and nowadays a conside- 
of 

logical  models available at scientific 
level. the in  the field this 

causes  confusion, 
and  he fìnds  difficulties in 

models often have  been  tested  with  con- 
venient and well chosen 

the has to fìnd a 
convenient  model the 
available. 

This a 
outline of 

and on 
a discussions of the use of some 
logical  models in the - 

photo Government flows long of past flows. 

Construction one fhe  big  regulaton the nzairt canal 
the Scherne, 

between  the B h e  and  White  Nile 

of models 

these intensive  use will be 
made of done by 
and (1) and (2)). 

Some  definitions  need to be  given : 

- A a set of 
physical,  chemical and biological 
cesses  which act upon an input 

to it (them) into 
an output 

is a of a system 
which  may be and which assu- 

at 

- A model  is a simplified 
of a complex  system, and hence a 
logical  model  is a model o f  a 
system. 
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classification of of the model 
that an actual 

of flow on the catchment 
sical, analog mathematical. Table 1 can be  matched by the model-computed 
shows a suggested  classification of flow  when the model  is  supplied 
logical  models.  with the and potential 

1. - models 

models models 

I 
analog  models 

Stochastic 

l l l 
l 1 1 

synthesis 
models 

analysis 

i n  chain  models 
(not existing 

models Synthesis 
models conceptual 
analysis 

models (black  box) 

A physical  model can be  a  scaled-down 
facsimile of the full scale sys- 

tem an analog model can be, 
an analog of a flow 

a dile,  an 

sent the of the system by a set 
of 

exclusively  with  mathe- 
matical  models, 

Table 1 
mathematical  models : and 
stochastic. 

all the of the mathematical 
model of any in 
bability then the model  is said to be 
deterministic. Examples : the conven- 
tional of flood 
the mathematical of the 
unit and the simula- 
tion models of by 

of the 
acting upon the input the 
concept that a has a 

is  excluded). “ These 
catchment  models attempt to embody the 

of how  catch- 
and 

The and 
connections 

equations based on the known 
assumed  physics of catchment  beha- 

bo a specific catchment  by  finding that set 

tion data to the 
flow. 

can be 
used  only small to medium  sized  homo- 
geneous  catchmentç and can only 
with data of the of a day 

less. the fitting 
at least of 

continuous of 
fall, potential and 
flow ”. (1). 

Stochastic models the con- 
cept of of 

quoting 
nell: “ essence,  these  models  seek to 
identify the 

of (e.g.  daily, 
monthly annual flow). 
mation is obtained by  using statistical 
methods on  an 
sequence of Once iden- 
tified and in 
such a stochastic 

can be  used to 
(non-stochastic)  events that may  be taken 
as coming the population of  which 
the base is  a  sample. 

to 
is no attempt to the 

in a sto- 
chastic  model. 

The stochastic models of can 
be  used all sizes  of 
homogeneous not ”. 

These  models can only  one 
often flow, combina- 

tions with (e.g. 
and No &m can be 

laid down about the minimum  length of 
needed, but ten 
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to be  a  minimum (if 
no valuable exists  with 

in which  case the minimum 

OF 

on any  modelling 
study it is  vital that the objectives 

two main 
uses  of : forecasting 
and prediction. to assess 
what  is  going to happen in the immediate 

design 
e.g. the 

mination of the of 
(of a in a 

OF 

The of found in 
and the types of 

mation 
and even ab- 

sence of at all)  has  im- 
implications the choice of 

method solving the 
As (1) states it: “ is 

that  the between 
basic  elements should 
These elements 

a) 
mation, and its limitation; 

b) 
stochastic)  which can  be used to mobi- 

lize the 
c) 

will  depend, in on  both 
the available and the models. 

The development and application of a 
sto- 

on the one hand 
quantitive (“ objective ”) 
obtained in the field and on the hand 
the (“ subjective ”) ideas of 
the on  the basin study. 
As the amount of objective 

so the of subjective 
The mo- 

del adopted in 
depends on the balance  between  these 
two  types of 

the choice 
ministic and stochastic models the follo- 
wing can still  be  made : 

- The of 
that must be adjusted 

against the 
in a weak position sto- 

do have 
the advantage that they can 
the “ a ” catchment knowledge 
of the 
- 

use and l 
an tool. The becomes 

when long gene- 
flow used as 
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input data e.g. in -and 

- Stochastic  models aimed at 

tance design and 
quency  studies. 

TO 
USE OF 

Existing flow not 
sufficiently  extensive to 
of many statistics, e.g. the 

of of a given 
to this dilemma  is 

to close 
enough to possible (but not 

that they  may  be  used to 

synthetic flows 
planning tools. The 

length of such a depends on what 
is  needed any 
but can be  many  times the 
and the expected 

The 
can then be any 

to assess 
The gain to be obtained by 

nistic  modelling can be: 
and knowledge about the influence of land 
use  changes. The includes  also 

of missing flow 
that of 

and potential exist. 
use of a of 

the (see of the 
Lebanon has made 
possible the simulation of the accumula- 
tion and melting of snow in to study 
the influence of snow  melt on 
flows. 

OF 
TO 

One of the objectives of the 
13, the 

development of Leba- 
non, was to study an scheme 
of about 7 O00 ha in the 

the of this 
scheme a dam has to be on 
the The inflow 
will by the dis- 

of the 
flow of an 

the of these flows 
the 

3 to 12 
available. The of 
wet and 
made it to establish 
with  any  confidence a 

The application of the conventional 
technique of the 
flow with  long was 
only  possible on 
values of the coefficient bet- 
ween nzonthly and flow 

found due to the influence of snow 
and on the 
to monthly 
flow needed 
studies. 

As the conventional  techniques 
unable to data, the use 
of 

Choice of the 
to  be applied 
(see also table 2) 

The in 
had used a 
known the name of 
which, can a simplified 

model.  This  model was tested 
on some  Lebanese  catchments and the 

a 
snowmelt was added. 

The length of these 
flow 

ed 30 30 the lon- 
gest  available in  the 

study. was felt that these 30 
of flow not enough 

of a dam with a 
of 50 the 

economic  calculations. 
was then that the Consultant, 
J. Chief  of the Statistics 

at the National 
de Chatou 

the use of stochastic modelling  techniques 
and a of such  models. 
Consequently five 

and of flow, 
and could  be gene- 

The of of 
and in 
to calculate of 
To of flow, 

and that 
a method of " in phase " 

tion was adopted example 
that a by 
low  values of flow and 

high values 
in high  demand 

as 
appllied to  

The availability of 
to apply a 

methodology of  which the 
: 

- Analysis of existing data and choice 
of method of 

- of of 
fall, and flow mutually 
in on a mon- 
thly  basis  except the - 
flow which  was  only  possible 
on  an annual basis. 

111. - Calculation of of 
by and then the 

2. - 

Objective 

evaluation 

demands 
estimate 

Adjustment 
of 

and 
demands 

Type of model 

Stochastic 
models 

model 

model 

model 

model 

(monthly  values) (monthly  values) 
Output data 

of 
flow 

Long 
flow 

Simulated of 
flow with a 

- do length  equal to  the 

Long 
.ong of of demand, 
*ainfall  and and total 

gable 

scheme ope- 

long of 
'low and demand 

size 

-effects  on 

do do 
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using the 

- Adjustment of the of gene- 
flows to take into account the 

on the usability new 
scheme of  these  flows, 
sent of a 

in 
etc.). 

V. - Simulation of 
giving each  scheme the capa- 
city, 
one of  50 

\71. - 
of all the solutions found V (calcu- 
lation of of and choice 
of the optimal solution and 

given management  hypo- 
the of 

of 

- Final and detailed  simula- 
tion of the chosen  system  using 20 
of 50 data on and 

of 
demand) and flow. 

The choice of methodology 
Lebanon 

and f i s t  
given to stochastic methods) was in 
ponse to the availability of data and 
local  conditions  such as: 

of  two 
ved flow of 12 length ; 

h) the absence of a good bet- 
ween monthly and monthly 
flow (due to snowfall and 

c) a good between 
and flow on  an annual basis; 
d) the flow  of the 
The case of a discontinuous 

not 
in these  studies but no 

doubt it could  be by 
statistical techniques. 

a way  if no “ long ” 
(at least had been  available ano- 

the case of an almost total lack of 
flow data 

of only) a could 
be to apply a 
ming that daily avai- 
lable). 

All the the calculation 

the 1130 (16 
in such a 

way that they can in 
this case the calculation 

time is  one (stages 
V, see  above). To obtain as output in 
one the of system  simulation 
(stage V) the following input data 
needed : 

u) a of 
h) a of mean 

(monthly) ; 

C )  a “ long ” (i2 to in 
Lebanon) of flow 
(monthly) ; 
d) a “ ” (3 to 5 

of flow (monthly); 
e*) the of sunshine as a 

centage of the maximum  possible; 
the monthly coefficient (by 

the 

h )  the coefficient  of of the plant 

the phasing of development 
of the whole and the subdivision 
of the by (in %). 

j )  the of the 
sent to the new 

k) coefficient  of efficiency; 
of the 

; 

(by 

@Y 

Gains  obtained by this 

The use of stochastic 
in long of flow, 

and has 
1. a much estimate of the  sta- 

tistics, such as the of 
of a alone 

could  justify the use of such models, 
2. a and estimate 

of the of 
demands. The ‘‘ in phase ” 
in flows, and 
to “ in phase ” supplies and demands 

a is a 
the usual 

ment of assuming a fixed annual cycle of 
demands. 

3. to assess in a the 
of the design 

ting in a estimate of the optimum 
size. 

the economists to take into account 
the expected 

of 
yields in 

was in this way also  possible to evaluate 
the influence of the place of 
in a 50 

5. the testing of a 
of hy- 

of  flows 
use in 

needed. 

Stochastic input in 

The using 
the flow as input data 

tion model. The same 
can be  used to assess the of 

has been 
applied by the to a 
ministic  model of a 
in the plain in Lebanon (3). 

(*) e and application of 

This way  of a much 
of the 

of 

* * *  

ful and and 
use the 

of to 
that a of them can be 

said to it still is that 
should be  given to fill the gap 

between  science and application in 
to make use of 
in 

(1) of meeting on 
ministic models June 
1971. AE-29  of the 

(FAO). 
(2) models deve- 

lopment of by T. 

and FAO, 
To be by the  Land 

(3) mathhatique de 

la plaine juin 1972. 
des eaux sou- 
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