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INTERNATIONAL SYMPOSIUM ON THE HYDROLOGICAL CHARACTERISTICS QF RIVER BASINS
AND TEEIR ROLE IN THE IMPROVEMENT IN THE MANAGEMENT OF WATER RESOURCES.

Utilisation of the results from representative and‘experimental basins with

a view to the management of water resources. .

by Dr. J. A. RODIER
Head of ORMSTOM'S Hydrological Service,

Scientific consultant to "Electricite de France'

'

It is sometimes.believed that studies on representative and experimental

basins may be classified within the field of fundamental research: this
~is correct to a certain extent, but in actual fact they may also be directly
_of preat service for the study of water rescurces management projects. It
is penerally not necessary to brovide, if it is a question of practical
application, all the sophisticated eguipuent indis;ensable for certain
fundamental research. As a mvans of study it is, therefrre, perhaps a
Jittle costly but also cne which is particularly effectivé, as we are going

to zttempt to show in what follows.
The managerment of vater resources poses two categories of problens:

1. First it is a ratter of being acquainted with the spatial distribution
of wurface and groundvater resources and the temporal distribution at each

oint, including the values which way be reached in exceptional circumstances.

The spatial distribution is generally presented by the maps which, for the
needs of development, one is frequently obliged to draw up well Sefore one
has at ones disposal'all the elements for making an accurate map. These
maps are drawn up for the diverse statistical parameters which we will be
dealing with later.

The temporal distribution is represented either by the classic parameters

of the statistical distribution (average, standard deviation, skewness with

values corresponding to the differing frequencies) or hydrological characteristics
(annuz1, discharge flood and low water flow), or more and more by a generated
chrenological series of long duration. The generation of this series

'is such that its temporal distribution is the same as that of thejrlﬁ

&,
being studied and presupposes a good knowledge of the laws of statist
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distribution which are most suitable for the flow regimen of that river.

2. Secondly, it is a matter of knowing accurately the influence of man's
actions on the varied characteristic defining a hydrological regime,
including those concerning scdiment transport and water quality., It

would be zdvisable to fit into this type of study those which may be
carried out on the influence of, the modifications made by man on the
hhlance of ecosystems. This diverges a little from the domain of hydroloyy,

although studivs of this nuture are not to be neglected.

Anticipating a little of what will be said further on let us state that
the first set.of problems may often be solved from the results of studies
made on representative basins, and the second set by data gathered on

experimental basins.

I. Knowledre of the hydrological regime in slutionary conditions

Ve prefer the expression, hydrological regime in staticnary conditions
to that of hyirologpical regime in the natural environment. COrly rarely
‘does one have dealing with a true natural environment. Cn a catchment
there is land under cultivation, forests which are managed to a greater
or lesser extent and built up areas. Cccasionally, all this has been
stable for centuries. Fain roads ére a little more impermeable than in
the past but the change in the behaviour of the catchment has been small
for at least a hunared years. The hydrological regimen has not chansed
in practice, with the result that trust may be pnt in the long period
chronological series provided by the networks; as would be the czse in
a natural environment. On the other hand, in different areas evolution
is so‘rapid, and the hydrological effects so significant, that it is
impossible to consider the catchment as being in stationary conditions.

Ve will return to this subject later.

In stationary conditiors the engineer has recourse to the data from the
hydrometric and rainfall network, but in many cases the network data

do not allow an answer to all the questions posed by the management project.
Where large basins are concerned it frequently happens that studies may be

carried out in sufficiently reliable conditions using the results from

a neighbouring gauging station. However, for very rare frequencies, 'in
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particular for the deternination of the design flood, the hydrologist
is often of the opinion that he is taking a serious risk in calculating
it, even when using a series of readings taken over a period of 70 to

80 years.

Where small water courses are concerned the situation is much more difficult,
as, even in developed countries, the series of good quality flow data over
the period of several decades are few in number. Also it is rare for a

retvork of gauging stations to provide the completely reliable data which

are co essential to a management project. Of course, in developing countries

the situation is worse. The reasons for this are simple :

1. The small rivers are seldom equipped with gauging stations of the
national networke. The choice from the few representative stations is

difficult and, in practice, muy rarely be made in a rational way.

2.. The accuracy and precision of the results are very much inferior to those
from the stations of the lurge rivers. The variations in flow are very
rapid and special organisation is needed to take the measurements of the
flood flow. It takes only very liltle to nodify the cr&ss—section
sufficiently for the rating curve to kLeceme unusable. In short, almost
everywhere in the pust studies of ,small watercourses have been greatly

neglected.

I. a) Small watercourses ’ !

TIt s precisely for these swall rivers that representative basins are of

greatest cervice. In general a study of a representative basin is not
started for the study of a management scheme; it would often cost as much
as the nznagement of the scheme itself. A regional.hydrological study ié
designed with the equipping of two or more rejresentative catchments for the
estimation of a value for the given region where a fair number of manage-
ment schemes are envisaged. .On a national scale the whole country is
equipped with a certain number of representative basins. They are selected
after the country has been divided up into hydrologically homogeneous zones,
and from the results of these basins one may proceed to studies of syntheses.
From these studies may be drawvn sufficiently reliable quantitative values for

most of the hydrological calculations necessary for civil engineering.
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If only the resources of surface water are taken into account the three
most useful characteristics to know are: - the average annual flows, the

flood flows, and the minimum annual values of flows.

The uverage annual flow often presents a significant correlation with the
depth of annual precipitation, and the correlation may be sufficiently
close for one to-be able to use a regression to pucs.from one to the other,
but only when the depth of annual precipitation is mnch greater than the
runoff deficit., The sScatter is great, especially in arid and semi-arid
zones for which the relation between depth of runoff in mm and depth of
precipitation often varies between O and 15%. The runoff deficit,
difference in mm between the depth of annual precipitation-and runoff is
nearly equal to that depth of annual precipitation. In these conditions,
the knowledge of this runoff deficit and even its spatial distribution,

in accordance with the vuried natural conditions, will be of little help,
whereas a representative busin muy provide all the nscessary data for the
study of the average annual flows, Later we will give an example used for

a general study of flovws in the tropical hfrican Sahel.

In these arid regions the runoff is constituted by a series of floods without

permanent flow. The correlations between rainfall/flows on the znpual scale .

are not usable. G. Girard has perfected a simplified model which permits
fhe deternination of the depth of runoff for each individual flood from the
height of precipitation for each storm, at a point éituated towards fhe
centre of the basin &nd from the depth of the.preceeding precipitations.
The depth of ‘annual runoff (or the volume of runoff) is the sum of the
depths of runoff corresponding to the various storms. It is sufficient to
use as an entry into the model the ¢aily precipitations from a raingauge
station observed for several decades in order to obtain a long series of

average annual flows and consequently average annual flow rates,

The ﬁodel has been tested on several representative basins some of which
have been carefully observed. For one of the latter drainage basins, that
of Kadiel (in Mauretania), we have reproduced one of G Girard's graphs
representing the depth of annual flow (E) in terms of the depth of annual
precipitations (P). The basin is sufficiently impermeable and the runoff

values are obtained in this instance to a fairly close approximation. In
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these conditions, too, if the accuracy of the simplified model's results is
acceptable for an individual flood flow then it is very good for the estimatign

of the total annual flow.

On this graph, established in good conditions, it may be seen that the
correlation between flow (X) und precipitation (P) - if it is significant -
is too loose for one to be able to establish directly a regression with the
obiervations nade over two or three.ycars. hklso it may be seen that it isa
dirficult matter to estiiate the average value of flow (k) with observations

iade over two or three years.

%With the use of the model, however, it is possible to reconstitute a series
of around forty values of (E) with which it is simple to calculate the

parsueters of the statistical distribution of annual flowse.

In meny instances it is not necessary to profit by such good conditions as

those in the representative basin of Kadiel in order to reach an evaluation

-of ‘the depth of the annual water stage flow in an average year, and to arrive

at an initial outline of its temporal distribution curve. We can cite the

. . ~
‘exarple of the Abou Goulem representative basin (in Chad) on a rocky subsoil

with a majorityuof porous soils. The quality of observations made on this
was mediocre, It was only possible to make use of a single year of rainfall
and flow readings. This was enough to set up the simplified model which,

let us recall, trensforms the rains into flow from the storm depth.

. fnnual flows are then determined woriing from daily precipitations with an.

accuracy scceptable for this type of basin with low flow: on vhich it would

almost be cnough to determine an order of magnitude.

I'hus it has been possible to calculate the median value of flows for most

types of small catchment areas in the Rahelian zone. |

The representative basins in this case enable much better results to be
obtained., .For small reservoirs it is often asked what the annual volume
is-in a decennial dry year and in a decennial wet year. Now the
rerresentative drainage basins, at least in this climatic zone, allow
calculations with good precision to be made of annual volumes for this
frequency since flows are calculated storm by storm. For very wet years
the method is less reliable because it is difficult to extrapolate from

the observations made during a drier period to the effect of a much more

.
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saturated terrain. In point of fact one can obtain the distribution curve.

In this way it has been possible to draw diagrams like those in graph 2 on
which it may be seen that for basins with an area approximately 25 km
distribution curves are arranged for different types of basin in the Sahel.
These range from highly permeable sandy basins to basins of very low
permeability. Without any representative basins it would have been impossible

to achiuvve these results.

It is difficult

for convective tropical storms to represent rainfall on the basin by means

For areas of 100 to 500 km2 methodology is far more tricky.

of duta from a single raingauge stution. It is necessary to make use of the

data from representative basins and at the same time to make use of the sparse

runoff data from the basins in the network.

VWhere estimation of high flows are concerned the decennial frequency is

often taken into consideration for small drainage basins. In tropical zones
the flood flows very often correspond to surface runoff, for the very high
frequencies. So this is an instance when the unit hyorcgraph method is nost
easily applied. On a representative basin where observations have been made
for three jears, one can realiably determine three parameters from the unit
hydrograph: time of rise (TR), time of surface flow (TB) and ratio (K) of
the peak discharge and average value of surface flow rate during the time
(iB). In the same way it is possible to predetermine the value of the volume

of surface runoff or of the coefficient of surface runoff (KR) from the

+ charatteristics of the generating storm for the flood flow. This is done .

-either by employing the residuals method taking the depth of precipitation
as principal factor, together with antecedent precipitation indices '
representing the soil noisture and intensity of rainfall as secondary factors,

or by using more elaborate models.

In any case one can in this way determine the volume of flow and the shape
of the hydrograph, and thus the maximum flow for any given storm (these

simplified models are often valid onlyfor heavy storms).

So it is possible to reconstruct in this way the decennial flow by working
from the decennial -storm and taking certain precautions. This is not

without risks, for without the precautions one may calculate a flood flow

.with-a frequency either higher or lower than the decennial frequency. It

can also be done by reconstructing the whole of the flood flows from the data

from a raingauge station used for several years and, by the study of the
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statistical distribution of these flood flows to deduce from this the

decennial flood flow or the flow of another frequency.

Vthen one has determined the characteristics of the flood flow on a
representative basin, it is then necessary to procced to generalise on the
geographical plan. This operation is carried out by using the data from
several drainage basins for a region not too heterogeneous in nature if it
is a case of régional study, or for a set of homogeneous regions if the
study is made on the national scale. 0n occasion only those zones are

consiiered vhich, a priori, present the most danperous flood flows.

The different parameters of the rainfall/flow model are therefore determined
in terms of the physiographic characteristics of the basin and its rainfall
regime. " In this way one plots graphs similar to graphs:.3 and 4 which have
been established for éhe Sahel.

The first graph provides the coefficient of surface runoff for the decennial
flood flow in terms of a permcabiiity index, an index of slope and of the
area of the basin; the vegetation cover varying very little over the vwhole

sahelian zone.

The second graph provides .the time of rise as a function of the slope index

“and the area of the basin.,

The most difficult problem consists in finding one or more quantitative
indices vhich permit determination of the characteristics of the permeability

of the vhole basin.

These few examples concerning the difficult zone of the Sahel show that
representative basins allow one to reach quantitative results which, numerous

controls have verified.

Representative basins are far less attractive when it comes to making a

direct eQaluation of the minimum flows, because the geographical transposition
of the results is frequently difficult and presents too many risks.
Fundamentzl research on the groundwater increment and on depletion does,

it is true, facilitate this kind of study but does not bring direct

solutions. On the other hand, it is often easy, within ihe limits of the
exploitation.of,ﬁydrometric networks, to proceed to systematic campaigns

of measuring base flow over a good number of small catchments which allow

data useful to managément to be supplied.

-9 -
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.of the hydrometry personnel on the terrain.

Sediment transport in stationary conditions may be studied without too

much difficulty on a representative basin, thanks to the continuing presence
The results obtained may often

be transposed from one catchment to another, whereas the study of sediment
transport on small drainage basins, if it had been méde with the stations of

"of their networks, would pose serious problems in developing countries.

v

Keyresentative basins may provide ansvers to most hydrologicai problems
posed by the management of small watercourses and, except in the case of
basic networks fully equipped with automatic instruments,

the}'are'the only ones to be uble to do so. ’ A

‘I. large rivers

Calculations are made from the network data, but, in the case of large
%anagement projects, the hydrological characteristics must be determined
accurately and the frequencies which are to be taken into account for the
design flood are very low. In these conditions it is essential to be
thoroughly conversant with the regime of the river, not only at the barrage,
but cver the whole basin.
if it is has only been set up for a short time, some well sited representative

basins provide precious information.

In the instance of the dam project. of Sounda on the Kouilou in the Congo
(catchmeﬁt of 55,000 ka) the stations in the network had only been set up
for five years. The two main stations had been manzged and operated very
carefully but the determination of the design flood, whose return period
in theory exceed one thousand years, posed some difficult problems. An
idea of the response of the various parts of the basin for a period of
exceptional rainfall was wanted. The basin comprised four parts: a zone
of limestone, a zone of sand and sandstone which was extfemely unfavourable

to surface runoff, a forest zone on rocks and a zone of savannah on
limestone-schist which had a very bad reputation as far as flood flows were
concerned. Two representative basins had been studied as a whole, one in

the forest zone -~ that 6f the Leyou - the other in the limestone-schist zone -~
that of the Comba. They allowed an estimation to be made of the limiting

value of the drainage ratio in the case of a season of exceptional rainfall,

¢
-~ 12 -

If the hydrometric network is not of high density, and

drological

and this provided a far more sound basis for the study of the volﬁme of
the exceptional flood flow.

L 4
From the‘foregoing it may be established that the use of representative
basins must not be limited to the study of the problems of fundamental
research. As a matter pf fact, if at the start of their planning and
equipping one haébrovided for these basins the elements for forecasting the
most common hydrological characteristics (average annual discharge, total hy-
balance, decennial flood flows and low water flow) then these may directly R

contribute some solutions to practical problems.

II. Study of man's influence on the hydrological cycle

It is hard.to find a catchment in a natural state, even in countries with
a low population density and still being developed. It is a ffequent
occurrence in these countries to find a small baéin in the middle of a
éatchmcnt srea vhich is very well suited for a study of the representative
busin type. It is still rore difficult to find a basin from 5 to 10 km2
in size in" a dense tropical forest area, which may neiiher be managed nor

plundered in the five years to come.

The stationary state, as far as soil management is concérned, tends to
become an exception. We are about to show this by means of the following
exanple. In 1962 ou¥ service had equipped a representative basin at

Korhogo on the Ivory Coast in a savannah zone, and as we had a difficult

- research programme shead of us the basin was observed for ten years.
‘~fter several summary interim reporis made every two or three years we

,wanted to bring out a gencral report on the characteristics of the area

runoff. It was then established that the conditions of vegetation and
soil could not be accepted as stationary. Figure 5 shows a sequence of
three maps of the basin which give the evolution which has taken place.

The cultivatied surfaces of the slopes show a large proportional increase,

“the growing has developed at the bottom of the valley, one section of the

basin, after deep dijging, has been transformed into plantations of
anarcardiums and tesk, and, of course, the hydrological characteristics
have been modified. Chaperon, P., Girard, G., Camus, H. have shown that,
even when simplifying the study of the evolution of this basin, the period
1962-1967

and 1968-1971. Figure 6 shows the differences in the hydrological behaviour

over which observations are made must be divided in two parts:

- 13 -
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with regard to one simple element: the depth of annual runoff (H). H was
determined as a function of depth of annual precipitation, with a correction
to take into account the depth of the previous year's precipitation. Two
successive regression curves are altered significantly.‘ The development of
land comprising the teak planatations carried considerable modifications to
the soil profile. This clearly increased infiltration and consequently

the losses by differing evapotranspiration.

These transfornations were brought about without any importance being
attached to the use of modern means, since everything was done by hand and,

originally, it was a question of a cultivated savannah and not a forest.

This example was given to deménstrate clearly tﬂat most hydrologists the
vorld over must often work on drainage basins in full evolution without
realising it, and this evolution is all the more dangerous because it is
progressive, Cut down a forest and replace it with grass land and the
hydrologist will be on his guard. He will be a good déal less vigilant

for progressive changes; more especially as Eydrology has progressed there
ére available, all over the place, long statistical series. These series
have been analysed and after impassioned discussion values have been reached
for one hundred year floods or even one thousand year floods. These values
are considered valid and it is supposed that they will even be improved by
the pursuit of better quality observations. Now very often this is a
mistake: the basin is no longer the same as before and the long statistical

series vhich is looked for will not be homogeneous. Vhat-is more serious,

. this 2ill not even be suspected.

That is not to say that, in regions where Man's influence on the.ﬁydrological
regime is significant, observations on the basic hydrometric network may

be neglected. On the contrary, they are more necessary than ever, because
the safety margin between the water resources and requirements will
conﬁinually diminish. It is therefore more and more urgent to try and

acquire quantitative data on the modifications to the hydrological regime.’

lost of the time the study is to be undertoken from the start of important
management projects on drainuge basins, or, preferably, beforehand. In

these two cases the data from the b;se hydrometeorological networks cannot
be used. Two methods can be employed: studies made on experimental plots

and studies on experimentai basins. In this case the sense of the word

- 15 -




Repreéentative basin of XORHOGO
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_insignificant in the zone of change, then the experimental basin permits a

. 11

“experimental” is clear, the plot or drainage basin is the object of the
trials made: the physiographical conditions are modified deliberately.

One cannot keep the passive attitude that one had towards a representative
basin where, on the contrary, the basin cannot be made the object of

experiment.

However, the equipment of the basin or the plot entails considerable expense,
and this leads one to restrict as far as possible the area to be studied. In
addition, in order to ascertain the influence of the different factors as
accurately as possible, one must preferably consider a homogeneous medium:
another consideration which directs research policy in the same sense. That
is-why this kind of study is often limited to observations and measurements
made over experimental plots with or without replications.

However, a plot, or even a lysimeter, does not in many cases permit the
study of a hydrologic balance which is comparable to that of a drainage basin
on the scale of some kmz, or even 1 or 2 km®. The plot is an open system and
the.lysimeter is not, as it is almost always too restricted in size. Whereas
if the substratum of the basin is impermeable, and the lateral changes

complete hydrologic balance. The drainage basin allows consideration not only
of the conditions of runoff from the interfluves but also within the
hydrographic network. The plot gives no information on the form of the flood
flow hydrograph and its evolution. This type of study is made possible on

the experimental basin by means of the extended timing of hydrological events
linked with the increased area. Here there is also the possibility of
intervention in that very often the bottom of the valleys are the object of

management schemes.

For sediment transport the experimental plot accounts for sheet erosion and

not for erosion in gullies and it is seldom that it is able to provide details
about the colluvium at the bottom of slopes. The representative basin gives a
more comprehensive idea of the balance of sediment transport. On the other
hand it gives rather poor pointers on the erosion of interfluves, except if it
is extremely small. This is the reason why on an experimental basin it is ’
‘useful to see some erosion plots or micro-basins (of a few hectares in size).

A drainage basin, by the very nature of its own characteristics, imposes
constraints on analysis. Studies on plots of land escape these constraints

to the extent that the selected site is chosen in terms of the proposed
experiment, and consequently, the results obtalned are more satisfying from a
theoretical standpoint because they are more systematic and of a more
analytical nature. This is a further reason for equipping one or more plots on
an experimental basin. :

In brief, the experimental basin, whatever its size, is a small complete valley
which frequently comprises all the morphological elements of a far more
important valley. Thus it constitutes a sort of reduced model of a vastly
greater ensemble, and permits an easy regional extension of the results. This
is particularly important in the case of complex regional management schemes
whexre the drainage basin comprises, at the same time, zones of diversified
agricultural development, industrial establishments and modern built up areas.

To conclude, the experimental plot is most useful, often indispensable,
but it is not in itself enough, and one is led therefore to set up
experimental basins which, for the reasons given earlier, one chooses as small
as possible.

The best known of these experimental basins (and érobably the oldest) are

those which have been set up by foresters in order to study the effects of
deforestation, or forest management on the various characteristics of water
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resources; annual runoff, flood flows, minimum flow. However, experiﬁental
basins are used for many other modifications to the natural milieu, and in
them not only the variations in discharge are studied but also the problems
of water quality.

Whatever the type of experimental basin, one is induced in the analysis to !

eliminate the influence on the hydrological characteristics of the

singularities affecting the climatoldgical elements during the observation . 1

period. The comparison of the hydrological characteristics, before and after

treatment of the catchment, will be effected when considering either the

. averages of one of the characteristics corresponding to a very long observation

period (for example, the average of the mean annual flow), or a value of given . j

frequency (for example, the flow rate of the decennial flood flow), or else

an element from the transformation model from rainfall to flow (for example,
= the regression line as s Shin diagram No 6). )

Equipped with these elements; one may then pass on to the complete study of the
repercussions of the proposed modifications on the water resources of a larger-
zone, At this stage of the study one must not lose sight of the: pxoblems of
scale. It is not always possible to extrapolate to infinity, and this, as we
have already said, often prescribes the complementing of the experimental plot
with an experimental basin.

It is not within the scope of this account to present the various types of
experimental basing, nor the results which each of them permit one to obtain.
One is content to stress the following four points:-

1. The experimental basins constitute an irreplaceable tool for the study of
Man's influence on water resources, and for this reason it is necessary to
dwell on their usefulness.

2. The number of these basins is almost always insufficient in relation to
the importance and urgency of the problems posed by the changes to which we
are subjecting our unfortunate planet.

3. The selection of basins and their management, like the analysis of the

runoff factors, pose difficult problems, and by taking great precautions it is
possible to transpose the results from one country to another, and soc one

cannot encourage enough the exchanges of information in the field of experimental
basins.

4, The research workers who are working on these basing are generally most
! ' enthusiastic about their researches but do not always apply themselves
! : sufficiently to the swift extraction of the practical recommendations derived
; : from their labours. :

In a perpetually changing world it appears that studies on experimental basins,
despite their high cost, have a brilliant future, especially if, as should be
the case, one takes into account both the influence of Man's actions on

watexr resources and on the environment. /
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