
INTERNATIONAL SYMPOSIUM ON THE HYDROLOGICAL CHARACTERISTICS OF RIVER BASINS 

AND THEIR ROLE I N  THE IMPROVEMENT I N  THE MANAGEMENT OF WATER RESOURCES. 

U t i l i s a t i o n  of the  r e s u l t s  from rep resen ta t ive  and.experimenta1 bas ins  wi th  

a view t o  the  management of water resources.  

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

Sc ie 'n t i f ic  consul tan t  t o  ' E l e c t r i c i t e  de France' 

It is sometimes be l ieved  t h a t  s t u d i e s  on r ep resen ta t ive  and experimental  

bas ins  may be c l a s s i f i e d  wi th in  t h e  f i e l d  o f  fundamental research:  t h i s  

is c o r r e c t  t o  a c e r t a i n  ex ten t ,  but i n  a c t u a l  f a c t  they may a l s o  be  d i r e c t l y  

u f  Great s e r v i c e  for t h e  s tudy  of water fesc i i rces  management p r o j e c t s .  
is g r c e r a l l y  n o t  necebsary t o  provide,  i f  i t  is a ques t ion  o f  p r a c t i c a l  

"1.:31 i cn t ion ,  a l l  t h e  s o p h i s t i c s t e d  cquip,.ent i r . , ?k i .ensable  f o r  c e r t a i n  

f..iidw:c.ntal research .  6s a ixons  of study it is, t k e r e f r r e ,  perhaps a 

It 

l i t t l e  c o s t l y  bu t  a l s o  one which is prrrticulzarly a f f e c t i v e ,  as i-:e are going 
I 

t o  a t tempt  t o  show i n  what follows. 

I 
The insinagecent of t a t e r  resources  poses two ca t egor i e s  o f  proh1ec.s: 

1. F i r s t  it is a f . b t t c r  of  being acquainted with t h e  spatial d i s t r i b u t i o n  

of burface and Lrocndvater r e ~ o u r c e s  and t h e  temporal d i s t r i b u t i o n  a t  each 

l o h t ,  inc luding  the values hhich !:,ay be reached i n  except iona l  circumstances.  
< .  

. .  . .  , . 
The s p a t i a l  d i s t r i b u t i o n  is gene ra l ly  presented  by t h e  maps which, f o r  t h e  

needs o f  development, one is f requen t ly  obl iged  t o  draw up w e l l  be fo re  one 

h a s  a t  ones d i sposa l '  a l l  t h e  elements f o r  making an  accu ra t e  map. 

maps are drawn up for t'ne d ive r se  s t a t i s t i c a l  Fars,r,eters which we w i l l  be 

dea l ing  wi th  later.  

These 

The t ecpora l  d i s t r i b u t i o n  is represented  e i t h e r  by t h e  c l a s s i c  parameters  

of t h e  s t h t i s t i c a l  d i s t r i b u t i o n  (average, s tandard  dev ia t ion ,  skewness wi th  

values ro.-rt?s;.onding t o  ttie d i f f e r i n g  f requencies )  or hydro log ica l  cha rac t e r i f i t i c s  
(annual, d i s c h a r g e  f l o o d  a n d  low water f l o w ) ,  o r  more a n d  more by a g e n e r a t e d  

chrcnologica l  series of long  dura t ion .  The genera t ion  o f  t h i s  s e r i e s  

is such t h a t  its temporal d i s t r i b u t i o n  is t h e  same as  t h a t  o f  

being s t u d i e d  and presupposes a good knowledge o f  t h e  laws of 
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d i s t r i b u t i o n  which a r e  most s u i t a b l e  f o r  t h e  flow regimen o f  t h a t  r i v e r .  

2. 

a c t i o n s  on t h e  va r i ed  c h a r a c t e r i s t i c  de f in ing  a hydro logica l  regime, 

inc luding  those  concerning sediment t r anspor t  and water qua l i t y .  It' 

would be  adv i sab le  t o  f i t  i n t o  t h i s  type o f  s tudy  those  which may be 

c a r r i e d  o u t  on the  inf luence  o f ,  t h e  modi f ica t ions  made by man on t h e  

litilance o f  ecosystems. 

n l t h o u ~ h  S t u d i t s  of t h i s  n r ~ t u r e  a r e  not  t o  be neglec ted .  

Secondly, it is a mat te r  o f  knowing accura t e ly  t h e  in f luence  o f  man's 

This  d ivergcs  a l i t t l e  from t h e  d o m i n  o f  hyr.!rolot;y, 

An t i c ipa t ing  a l i t t l e  of what w i l l  be s a i d  f u r t h e r  on l e t  us state  t h a t  
' 

, t h e  first s e t . o f  problems may o f t e n  be solved from t h e  r e s u l t s  o f .  s t u d i e s  

zade  on r e p r e s e n t a t i v e  bas ins ,  and t h e  second s e t  by da ta  ga thered  on 

experimental  bas ins .  

I. _Knowledr:e o f  t h e  hydrolo~ical-reKirse .in s t i i t ionúry  condit& 

Le p r e f e r  t h e  express ion ,  hydro logica l  regi1r.e in stntic. i iary cond i t ions  

t o  t h a t  of hydro1ot:ical 'regiise i n  t h e  n a t u r a l  e n v i r w c e n t .  Ccly r a r e l y  

;does  one have dealSn& with a t r u e  n a t u r a l  environment. Cn a catchment 

t h e r e  is land  under c u l t i v a t i o n ,  f o r e s t s  which are "ì&ed t o  a ,g rea t e r  

or l e s s e r  ex ten t  Lnd b!ii l t  up a reas .  

stclble f o r  c e n t u r i e s .  

t he  p a s t  bu t  the-change i n  t h e  behaviour of t h e  c a t c h e n t  has  been small 

f o r  a t  l e a s t  a hundred years .  

i n  p r a c t i c e ,  wi th  t h e  r e s u l t  t h a t  t r u s t  iray be p i i t  i n  t h e  ! . c J I ? ~  Per iod  

chronologica l  s e r i e s  provided by t h e  r .etsorks;  a s  would be  the  c z s e  i n  

a n a t u r a l  environment. On t h e  o t h e r  hand,  i n  d i f f e r e n t  areas evo lu t ion  

is so r a p i d ,  and t h e  hydro logica l  e f f e c t s  so s i t ; n i f i can t ,  t h a t  i t  is 

impossible t o  cons ider  t h e  catchment a s  being i n  s t a t i o n a r y  condi t ions .  

l e  rill r e t u r n  t o  t h i s  sub jec t  l age r .  

k c a s i o n a l l y ,  a l l  t h i s  has  been 

I.:ain roads  are a l i t t l e  more impernìeable than  i n  
I 

The hydro logica l  rct;ic.en lias not  changed 

. 
8 

8 I n  s t e t i o n a r y  cond i t iocs  the  enc ineer  has  recourse  t o  t h e  d a t a  from t h e  

hydrometric crnd r a i n f a l l  netvrork, bu t  i n  many cases  t h e  network da ta  

do n o t  a l low a n  answer t o  a l l  t h e  ques t ions  posed by t h e  management p ro jec t .  

". I 
Vihere l a r e e  b a s i n s  are concerned it f requent ly  happ,ens t h a t  s t u d i e s  may be  

c a r r i e d  o u t  i n  s u f f i c i e n t l y  r e l i a b l e  condi t ions  us ing  t h e  r e s u l t s  from 

a neighbouring gauging s t a t i o n .  Ilorrever, f o r  very rare f recpencies ,  i n  
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p a r t i c u l a r  f o r  t h e  deterr:.inntion o f  t h e  design f lood ,  t h e  hydro log i s t  

is o f t e n  o f  t h e  opinion t h a t  he is t ak ing  a s e r i o u s  r i s k  i n  c a l c u l a t i n g  

it, even when us ing  a s e r i e s  o f  readings  taken over  a per iod  of 70 t o  
e0 years .  

:*here m a l l  water courses a r e  concerned t h e  s i t u a t i o n  is much more d i f f i c u l t ,  

a s ,  even i n  developed coun t r i e s ,  t he  s e r i e s  o f  good q u a l i t y  flow da ta  over 

t h e  period o f  s e v e r a l  decades a r e  few i n  number. 

network of & a g i n g  s t a t i o n s  t o  provide t h e  Loq) l t . t e ly  r e l i a b l e  da t a  rh i ch  

e r e  so e s s e n t i a l  t o  a rmnagement p ro jec t .  

the s i t u a t i o n  is worse. The r e a s o n s  f o r  t h i s  are s i m p l e  : 

Also i t  is rare f o r  a 

Cf course ,  i n  d e v e l o p i n g  c o u n t r i e s  

1. 

n a t i o n a l  network. 

d i f f i c u l t  and, i n  p r a c t i c e ,  muy r a r e l y  he rnsde i n  a r a t i o n a l  way. 

The smal l  r i v e r s  are seldom equ ipped  w i t h  gaug ing  s t a t i o n s  of the 

'l'he choice  from t h e  few r e p r e s e n t a t i v e  s t a t i o n s  is 

2.. ?he accuracy and p rec i s ion  o f  t h e  r e s u l t s  a r e  very much i n f e r i o r  t o  those  

frum the  s t b t i o n s  of t h e  l m g e  r i v e r s .  

r ú i i d  and s p c i a l  o rganisa t ion  is needed t o  t ake  t h e  rrcasurements of t h e  

flood flow. 

s u f f i c i e n t l y  f o r  t h e  r a t i n g  curve t o  t ecose  unusable. 

everyv:hcre i n  t h e  pmït s t u d i e s  o f . sma l1  ca t c rcos r ses  have been g r e a t l y  

neglec ted .  

The v a r i a t i o n s  i n  flow are very 

It takes  only very l i L t l e  t o  nodi fy  t h e  c ross -sec t ion  

I n  s h o r t ,  almost 

I. a )  %:a l l  watercourses 

I t  i s  p r e c i s e l y  for these  ama:all r i v e r s  t h a t  r ep resen ta t ive  bas ins  are of 

E r e a t e s t  s e rv i ce .  

s ta r tec i  for t h e  s tudy  of a rnbnaCement scheme; 

a s  t h e  riimagement o f  t h e  scheme i t s e l f .  

designed wi th  t h e  equipping of two or more r e i r e s e n t a t i v e  catc':iments f o r  t h e  

es t imat ion  o f  a value f o r  t h e  given r eg ion  where a fair number of manage- 

ment schemes are envisaged. 

equipped wi th  a c e r t a i n  number o f  r ep resen ta t ive  bas ins .  They are s e l e c t e d  
a f t e r  t h e  count ry  has been d iv ided  up i n t o  hydro logica l ly  homogeneous zones, 

and from t h e  r e s u l t s  o f  t hese .bas ins  one eay  proceed t o  s t u d i e s  of syntheses.  

Fro! these  s t u d i e s  may be  drayn s u f f i c i e n t l y  r e l i a b l e ' q u a n t i t a t i v e  va lues  for 
rFost o f  t h e '  hydro logica l  c a l c u l a t i o n s  necessary  f o r  civil e n g i n e e r i n g .  

In i;enerel a s tudy  o f  a r e p r e s e n t a t i v e  bas in  is n o t  

it would o f t e n  c o s t  as much 

A r e g i o n a l  hydro logica l  s tudy  is 

.On a n a t i o n a l  scale t h e  whole country is 
. 
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I f  only t h e  resources  of  s u r f a c e  water are taken i n t o  account t h e  t h r e e  

most u s e f u l  c h a r a c t e r i s t i c s  t o  know are: - t h e  average annual  flows, the  

f lood flows, and t h e  minimum annual  va lues  of flows. 

The average annual  flow of ten  p r e s e n t s  a s i g n i f i c a n t  c o r r e l a t i o n  with t h e  

depth o f  o n m a l  iirecipitat.ion, 2nd  t h e  c o r r e l e t i o n  rmy be s u f f i c i e n t l y  

c l o s e  Tor one t o  be c b l e  t o  use a r e c r e s s i o n  t o  rb.ss.from one t o  the  o t h e r ,  

but  only when t h e  depth of  annual  p r e c i p i t a t i o n  is mich g r e n t e r  t?ian t h e  

runoff  d e f i c i t .  The s c a t t e r  is g r e a t ,  e s p e c i a l l y  i n  a r i d  and semi-arid 

zones f o r  which t h e  r e l a t i o n  betxeen depth of runoff  i n  mm and depth of 

p r e c i p i t a t i o n  o f t e n  v a r i e s  between O and 154;. 
d i f f e r e n c e  i n  mm between t h e  degtfi o f  annual  p r e c i p i t a t i o n . a n d  runoff  is 

near ly  equal  t o  t h a t  depth of  annual  p r e c i p i t a t i o n .  

the  knorledge of  t h i s  runoff  d e f i c i t  arid even i ts  s p a t i a l  d i s t r i b u t i o n ,  

i n  accordance with the  v i \ r ied .na t i i ra l  conditionr;, . x i l l  be of l i t t l e  help,  

c.hereas a represent l ì t ive  br.sin m y  provide a l l  ;the rar-cessary da ta  f o r  t h e  

s tudy  o f  t h e  avera&e hrrnual f lo-s .  

a g e n e r a l  s tudy  of flax i n  t h e  t r o p i c a l  Lfr ican '  Sahel .  

The runoff  d e f i c i t ,  

I n  t h e s e  condi t ions ,  

Lz ter  Be v : i l l  g i v e  an example used for 

I n  t h e s e  a r i d  reg ions  t h e  runoff  is c o n s t i t u t e d  by a s e r i e s  of  f loods  without 

p e r m n e n t  flow. 

a r e  n o t  usable .  

t h e  detcrminat ion o f  the  depth of  runoff  f o r  each i n d i v i d u a l  f lood  from t h e  

he ight  o f >  p r e c i p i t a t i o n  f o r  each storm, a t  a p o i n t  s i t w t e d  tosnrds  t h e  

c e n t r e  o f  the  bnsin ;jnd from t h e  depth of t h e  p r e c e d i n g  p r e c i p i t a t i o n s .  

The depth of annual  runoff (or the  volume of runoff )  is the  sum of  t h e  

depths  o f  runoff  corresponding t o  t h e  var ious  stornts. It is s u f f i c i e n t  t o  

use  as a n  en t ry  i n t o  t h e  model the  d a i l y  p r e c i p i t a t i o n s  from a raingauge 

s t a t i o n  observed f o r  s e v e r a l  decóaes i n  order  t o  o b t a i n , a  long s e r i e s  of  

average annual  flovss and consequently avcraEe annual  flow r a t e s .  

The c o r r e l a t i o n s  'bet-een r s i n f a l l / f l o w s  on t h e  annual  s c a l e  

G.  Girard has  per fec ted  a s i m p l i f i e d  model which p e r a i t s  

The model has  been t e s t e d  on s e v e r a l  r e p r e s e n t a t i v e  bas ins  some of  which 

have been c a r e f u l l y  observed. 

of Kadiel  ( i n  Mauretanin), we have reproduced one of  G Gi rard ' s  graphs 

r e p r e s e n t i n g  t h e  depth of annual  flow (E) i n  terms of  t h e  depth of annual  

p r e c i p i t a t i o n s  (Pl. The bas in  is s u f f i c S e n t l y  imperneable and t h e  runoff  

va lues  are abta ined  i n  t h i s  i n s t a n c e  t o  a f a i r l y  c l o s e  approximation. I n  

For one o f  t h e  l a t t e r  drainage bas ins ,  t h a t  

. 
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t h e s e . c o n d i t i o n s ,  too,  i f  t h e  accuracy of  t h e  s i m p l i f i e d  model's r e s u l t s  is 

acceptab le  for a n  i n d i v i d u a l  f lood  flow then  it is very good for t h e  es t imat ion  

o f  t h e  t o t a l  annual  flow. 

On t h i s  graph, e s t a b l i s h e d  i n  good c o n d i t i o n s ,  it may b e  s e e n  that  the ', 

c o r r e l a t i o n  between flow (E) r:nd p r e c i p i t a t i o n  (P) - i f  it is s i g n i f i c a n t  - 
is too  loose  f o r  one t o  be a b l e  t o  e s t a b l i s h  d i r e c t l y  a r e g r e s s i o n  with t h e  

observat ions made over  two or t h r e e  years .  i;lso i t  may be seen t h a t  i t  is 'a 

clii 'ficult mat te r  t o  es t i rnete  t h e  average value of  flow (E) with observa t ions  

sade  over two or t h r e e  years .  

i i i th  t h e  use  of  t h e  model, however, it is p o s s i b l e  t o  r e c o n s t i t u t e  a s e r i e s  

of  around f o r t y  values  o f  (E) wit:? which it  is simple t o  c a l c u l a t e  t h e  

paranieters of  t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of  a n n u a l  flows. 

I n  mmy i n s t a n c e s  it is not  necessary t o  p r o f i t  by such good c o n d i t i o n s  as 

those i n  t h e  r e p r e s e n t a t i v e  b a s i n  of  Kadiel  i n  order  t o  resch  a n  e v a l u a t i o n  

- o f  ' the depth of  t h e  annual 'wí te r  s t q e  flow i n  an average year ,  and t o  a r r i v e  

a t  an i n i t i a l  o u t l i n e  of  its temporal d i s t r i b u t i o n  curve. 

.exar.ple of t h e  Abou Goulem r e p r e s e n t a t i v e  bas in  ( i n  Chad) on a rocky s u b s o i l  

with a m a j o r i t y o f  porous s o i l s .  

w a s  mediocre. 

and floc1 readings.  
l e t  IJS r e c a l l ,  t r s n s f o r a s  t h e  r a i n s  i n t o  flow from t h e  storm d e p t h -  

. h n u a l  f l o w  are then determined wor'!..inc from d a i l y  p r e c i p i t a t i o n s  with an,  

accuracy ócceptnble  f o r  t h i s  type o f b a s i n i i t h  low flow: 

a , h o s t  be erlough t o  determine a n  o r d e r  of  magnitude. 

' 

Ce can  c i t e  t h e  
f- 

The q u a l i t y  of  observa t ions  made on t h i s  

It was only p o s s i b l e  t o  make use of  a s i n g l e  year  of  r a i n f a l l  
' This  was enough t o  set  up t h e  s i rnpl i f ied  model which, 

. 

on v.hich it would 

l'hus it h2s been p o s s i b l e  t o  c a l c u l a t e  t h e  niedian value of  flows f o r  most 

types  of small c a t c h m n t  a r e a s  i n  t h e d a h e l i a n  zone. : 

The r e p r e s e n t a t i v e  bas ins  i n  t h i s  c a s e  enable  much b e t t e r  r e s u l t s  t o  b e  

obtained.  For small r e s e r v o i r s  it is o f t e n  asked what t h e  annual  volume 

is i n  a decennia l  dry year  and i n  a decennia l  wet year. 

r e p r e s e n t a t i v e  drainage bas ins ,  a t  l e a s t  i n  t h i s  climatic zone, a l low 

c a l c u l a t i o n s  with good p r e c i s i o n  t o  be made of  annual  volumes f o r  t h i s  

frequency s i n c e  flows are c a l c u l a t e d  storm by storm. 

t h e  method is less r e l i a b l e  because it is d i f f i c u l t . t o  e x t r a p o l a t e  from 

t h e  observat ions made dur ing  a d r i e r  per iod  to  the effect of a much nore 

Now t h e  

For  very w e t  y e a r s  
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s a t u r a t e d  t e r r a i n .  

I n  t h i s  way it has  been p o s s i b l e  t o  draw diagrams l i k e  those  i n  graph 2 on 

which it  may be seen  t h a t  f o r  b a s i n s  with a n  a r e a  approximately 25 km 
d i s t r i b u t i o n  curves a r e  arranged f o r  d i f f e r e n t  types  o f  bas in  i n  t h e  Sahel .  

These range from highly  permeable sandy b a s i n s  t o  b a s i n s  of  very low 

permeabi l i ty .  

t o  achieve t h e s e  r e s u l t s .  

I n  p o i n t  of  f a c t  one can o b t a i n  t h e  d i s t r i b u t i o n  curve. . 

2 

VXthout any r e p r e s e n t a t ï v e  bas ins  it would have been impossible  

2 For a r e a s  o f  100 t o  500 km 

f o r  convect ive t r o p i c a l  s torms t o  r e p r e s e n t  r a i n f a l l  on t h e  b a s i n  by nieans 

of  da ta  from a s i n g l e  ra ingauge s t t i t ion .  

< a t a  from r e p r e s e n t a t i v e  b a s i n s  a n d  at  the same time t o  make u s e  of the s p a r s e  

runoff  l a ta  from t h e  bas ins  i n  t h e  network. 

methodology is f a r  more t r i c k y .  It is d i f f i c u l t  

It is ne'cessary t o  make use  of t h e  

\ 'here es t imat ion  of high flows are concerned t h e  decennia l  frequency is 
o f t e n  taken i n t o  cons idera t ion  f o r  smal l  drainage bas ins .  I n  t r o p i c a l  zones 

t h e  f lood  flows very o f t e n  correspond t o  s u r f a c e  runoff, f o r  t h e  very high 

frequencies .  So t h i s  is an '  ins tance  when t h e  u n i t  hyorqp-aph method is n,ost 

e a s i l y  appl ied .  Gn a r e p r e s e n t a t i v e  bas in  u:here observa t ions  have been made 

f o r  t h r e e  y e a r s ,  one can r e a l i a b l y  determine t h r e e  paranseters  from t h e  unit 
hydrograph: 

t h e  peak d ischarge  and average value o f  s u r f a c e  flow r a t e  during t h e  time 
(TB). 
of  s u r f a c e  runoff  o r  of t h e  c o e f f i c i e n t  of s u r f a c e  runoff  (KH) from t h e  

t i n e  of  r ise (TH), time of s u r f a c e  flow (TB) and r a t i o  (K) o f  

I n  t h e  same way it is p o s s i b l e  t o  predetermine t h e  value of  t h e  volume 

. c h á r a b t e r i s t i c s  of  t h e  Eenernt ing storm f o r  t h e  f lood flow. This  is done * ' 

. e i t h e r  by employing t h e  r e s i d u a l s  method tak ing  t h e  ciepth of p r e c i p i t a t i o n  

a s  p r i n c i p a l  f a c t o r ,  toEether  with antecedent  p r e c i p i t a t i o n  i n d i c e s  

represent ing  t h e  s o i l  !i,oisture and i n t e n s i t y  o f  rainfa! 1. as s e c o n d a r y  f a c t o r s ,  

o r  b y  u s i n g  more e l a b o r a t e  models. 

I n  any case one can i n  t h i s  way determine t h e  volume of flow and t h e  shape 

o f  t h e  hydrograph, and thus  t h e  maxinum flow f o r  m y  given storm ( t h e s e  

s i m p l i f i e d  moSels are o f t e n  v a l i d  o n l y f o r  heavy s torms) .  

So it is p o s s i b l e  t o  r e c o n s t r u c t  i n  t h i s  way t h e  decennia l  flow by working 

from t h e  decennia l  storm and tak ing  c e r t a i n  precaut ions .  

without r i s k s ,  f o r  without t h e  precaut ions  one may c a l c u l a t e  a f l o o d  flow 
with a frequency e i t h e r  highen or lower than t h e  decennia l  frequency. It 
can also b e  done by r e c o n s t r u c t i n g  t h e  ï.hole of  the f lood  f l o r s  from t h e  d a t a  

from a raingauge s t a t i o n  used f o r  several years  a d ,  by t h e  s t u d y  of t h e  

This  is n o t  
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s ’ t a t i s t i c a l  d i u t r i b u t i o n  of  these  f lood f l o w  t o  deduce from t h i s  t h e  

decennia l  f lood flow o r  t h e  flow of  another  frequency. 

’ hhen one has  determined t h e  c h a r a c t e r i s t i c s  of  t h e  f lood  flow on a 
r e p r e s e n t a t i v e  bas in ,  i t  is then necessary to proceed t o  g e n e r a l i s e  on t h e  

geographical  plan: 

s e v e r a l  drainage bas ins  f o r  a reg ion  n o t  too  heterogeneous i n  n a t u r e  i f  it 
is a c a s e  of  res iona l ,  s tudy,  or f o r  a set  of homogeneous reZions i f  t h e  

s tudy is mad’e on t h e  n a t i o n a l  s c a l e .  On occasion only those  zones are 

consi?ered phich,  ci p r i o r i ,  p resent  t h e  most dancerous f lood flows. * 

This  opera t ion  is c u r r i e d  out  by us ing  t h e  d a t a  from 

The d i f f e r e n t  parameters o f  t h e  r a i n f a l l / f l o w  model are t h e r e f o r e  determined 

i n  terms of t h e  physiographic c h a r a c t e r i s t i c s  of t h e  b a s i n  and its r a i n f a l l  

regime. ’ I n  t h i s  way one p l o t s  graphs similar t o  graphs .3 and 4 which have 

been e s t a b l i s h e d  f o r  t h e  Sahel .  . 

The f i r s t  graph provides  t h e  c o e f f i c i e n t  of s u r f s c e  runoff  f o r  t h e  decennia l  

f lood flow i n  terms of  a pen: .cabi i i ty  index, an index of  s l o p e  and o f  t h e  

a r e a  of  t h e  bas in ;  

s a h e l i a n  zone. 

t h e  vege ta t ion  cover  varying w r y  l i t t l e  over t h e  whole 

The second graph provides  . the  time o f  r ise  as a func t ion  o f  t h e  s l o p e  index 

and t h e  area of  t h e  basin. 

‘?he nost  d i f f i c u l t  problem c o n s i s t s  i n  f i n d i n g  one o r  more q u a n t i t a t i v e  

i n d i c e s  v,hich permit  determinat ion of t h e  c h a r a a t e r i s t i c s  of  t h e  permeabi l i ty  

of  t h e  !,:!iole basin.  

These few examples concerning t h e  d i f f i c u l t  zone of  t h e  Sahel  show t h a t  

r e p r e s e n t b t i v e  bas ins  allow one t o  reach  q u a n t i t a t i v e  r e s u l t s  which.numerous 

c o n t r o l s  have v e r i f i e d .  
, 

Representa t ive  b a s i n s  are f a r  less a t t r a c t i v e  v.hen it  comes t o  making a 

d i r e c t  evhlua t ioe  o f  t h e  minimum flows, because t h e  geographical  t r a n s p o s i t i o n  

o f  t h e  r e s u l t s  is f requent ly  d i f f i c u l t  and p r e s e n t s  too  many r i s k s .  

Fundamental research  on t h e  groundhater increment and on deple t ion  does, 

i t  is t r u e ,  f a c i l i t a t e  t h i s  kind of  s tudy  but  does not  b r i n g  d i r e c t  

bo lu t ions .  On the o t h e r  hand, it is o f t e n  easy, s i t h i n  t h e  l i m i t s  o f  the 
e x p l o i t a t i o n  of hydrometric networks, t o  proceed t o  sys temat ic  campaigns 

Ò f  iaeasuring base flow over  a good number of small ca tchmmts  lkhich a l low 
d a t a  c s e f u l  t o  Eanagement t o  be suypl ied.  

- 9 -  
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Sediment t r a n s p o r t  i n  s t a t i o n a r y  condi t ions  nay be s t u d i e d  without too  

much d i f f i c u l t y  on a r e p r e s e n t a t i v e  bas in ,  thanks t o  t h e  cont inuing  presence 

.of  t h e  hydrometry personnel  on t h e  t e r r a i n .  The r e s u l t s  obtained may o f t e n  

b e  t ransposed from one catchment t o  another ,  whereas t h e  s tudy  o f  sediment 

t r a n s p o r t  on small dra inage  bas ins ,  i f  i t  had been made w i t h  the s t a t i o n s  of 

of  t h e i r  networks, would pose s e r i o u s  problems i n  d e v e l o p i n g  c o u n t r i e s .  

, 

h:;iresentative bas ins  may provide ansaers  t o  most hydro logica l  problems 

posed by t h e  nanageatent of small watercourses and, except i n  t h e  case o f  

' 

b a s i c  networks f u l l y  equipped with automatic  instruments ,  

they'cire t h e  only  ones to be a b l e  t o  rlo SO. 

9 

. .  
( 

! 

and t h i s  provided i( f a r  more sound b a s i s  f o r  t h e  s tudy  of  t h e  voluqe of  

t h e  except iona l  f lood flow. 

From t h e  foregoing it  may be e s t a b l i s h e d  t h a t  t h e  use  o f  r e p r e s e n t a t i v e  

bas ins  m u s t  n o t  be l i m i t e d  t o  t h e  s t u d y  o f  t h e  problems of  fundamental 

research .  As a matter of f a c t ,  i,f a t  t h e  s tar t  o f  t h e i r  planning and 

equipping one ha$-nvided for t h e s e  b a s i n s  t h e  elements f o r  f o r e c a s t i n g  the 
most common h y d r o l o g i c a l  c h a r a c t e r i s t i c s  ( a v e r a g e  a n n u a l  d i s c h a r g e ,  t o t a l  hy- 

t d r c - D g i c a l  balance,  decennia l  f lood flows and low water flow) then these  may d i r e c t l y  . 
c o n t r i b u t e  some s o l u t i o n s  t o  p r a c t i c a l  problems. 

.I. l a r g e  r i v e r s  

Calcu la t ions  a r e  made from t h e  network d a t a ,  b u t ,  i n  t h e  c a s e  of  l a r g e  

management p r o j e c t s ,  the  hyrlrolosical  c h a r a c t e r i s t i c s  mus t  be determined 

a c c u r a t e l y  and t h e  frequencies  s h i c h  are t o  be taken i n t o  account f o r  t h e  

design f lood are very low. 

thoroughly conversant  with t h e  regime of t h e  r i v e r ,  n o t  only a t  t h e  barrage,  

b u t  over t h e  v.hole basin.  

if it is hbs only been set  up f o r  a s h o r t  time, some w e l l  s i t e d  r e p r e s e n t a t i v e  

bas ins  provide prec ious  information. 

I n  these  condi t ions  it is es: ;ent ia l  t o  be 

If t h e  hydrometric network is not  of  high' dens i ty ,  a n d  

' I  II. Study of  man's in f luence  on t h e  hydro logica l  cyc le  

I n  t h e  i n s t a n c e  of  t h e  dam p r o j e c t  o f  Sounda on t h e  Kouilou i n  t h e  Congo 

(catchment of  55,000 km 
f o r  f i v e  years .  

c a r e f u l l y  b u t  t h e  d e t e r a i n a t i o n  of t h e  design f lood ,  whose r e t v n  per iod  

i n  theory exceed one thousand years ,  posed some d i f f i c u l t  problems. 

idea  o f  t h e  response of  t h e  var ious  p a r t s  o f  t h e  b a s i n  f o r  a per iod  of 

except iona l  r a i n f a l l  was wanted. 

o f  l imestone,  a zone of sand and sandstone which was extremely unfavourable  

t o  s u r f a c e  runoff ,  a f o r e s t  zone on rocks and a zona of savannah on 

2 t h e  s t a t i o n s  i n  t h e  network had only been set  up 
The two niain s t a t i o n s  had been rrúnapd and opera ted  very 

An 

The bas in  comprised four  parts: a zone 

l imes tone-schis t  which had a very bad r e p u t a t i o n  as far as f lood  flows were 

concerned. TKO r e p r e s e n t a t i v e  bas ins  had been s t u d i e d  as a whole, one in 

t h e  f o r e s t  zone - that of t h e  Leyou - t h e  o t h e r  i n  the l imestone-schis t  zone - 
that of t h e  Comba. 

value o f  t h e  dra inage  ratio i n  t h e  case of a season of except iona l  rainfall, 
They allowed an  es t imat ion  t o  b e  made o f  t h e  l i m i t i n g  

. - 1 2 -  

It is kard t o  f i n d  a catchment i n  a n a t u r a l  s ta te ,  even i n  c o u n t r i e s  a i t h  

a low populat ion d e n s i t y  and still  being developed. 

occurrence i n  these  c o u n t r i e s  t o  f i n d  a smal l  bas in  i n  t h e  mit1d:e of  a 

cbtchmcnt brea  v.hich is very wel l  s u i t e d  f o r  a s tudy  of  t h e  r e p r e s e n t a t i v e  

It is a f requent  

basin type. It is still  r ,ore  d i f f i c u l t  t o  f i n d  a bas in  from 5 t o  10 km 2 
i n  s i z e  i n ' a  dense t r o p i c a l  f o r e s t  a r e a ,  uhich may n e i t h e r  be managed nor  

plundered i n  t h e  f i v e  years  t o  coce. 

The s t a t i o n a r y  s ta te ,  as far as s o i l  management is concerned, tends  to  
become a n  except ion.  

exan.ple. 

Eorhogo on t h e  Ivory Coast i n  a savannah zone, and as we had a d i f f i c u l t  

rosearch  p r o g r a m e  ekead of  u s  the  bas in  was observed f o r  ten  years .  

Af te r  s e v e r a l  suii,r;.ury in te r im rebort..; i:,ade e t e r y  two or t h r e e  y e a r s  w e  

aanted t o  b r i n g  out  a g e n e r a l  r e p o r t  on the  c ? i a r a c t e r i s t i c s  o f  t h e  area 

runoff .  

s o i l  could not  be accepted as  s t a t i o n a r y .  Figure 5 shows a sequence o f  

t h r e e  maps o f  t h e  bas in  which g i v e  t h e  evolu t ion  which has  taken p lace .  

The c u l t i v a t c d  s u r f a c e s  o f  t h e  s l o p e s  show a large p r o p o r t i o n a l  i n c r e a s e ,  

t h e  groa ing  has  developed a t  t h e  bottom of  t h e  v a l l e y ,  one s e c t i o n  of  t h e  

L'e are about  t o  shor  t h i s  by cleans of  t h e  fol lowing 

I n  1962 0u.Y s e r v i c e  had equipped a r e p r e s e n t a t i v e  bas in  a t  
' 

It was then e s t s b l i s h e d  t h a t  t h e  condi t ions  of  vege ta t ion  and , 

bas in ,  a f t e r  deep dik'ging, has. been transforii:ed i n t o  p l a n t a t i o n s  o f  

anarcardiums and teak ,  and, of  course,  t h e  hydro logica l  c h a r a c t e r i s t i c s  

have been modified. Chaperon, P., Girard ,  G., Camus, H. have shown t h a t ,  

even when s impl i fy ing  t h e  s tudy  of  t h e  evolu t ion  of  t h i s  basin,  the per iod  

over  which observa t ions  are made must b e  divided i n  two parts: 

and 1968-1971. 
1962-1967 

Figure  6 shows t h e  d i f f e r e n c e s  i n  t h e  hydro logica l  behaviour 

- 13 - 



R E P R E S E N T A T I V E  B A S I N  O F  K O R H O G O  
v 
L 

M a p  of  land use 

Fig : 5 10 

. .  

Waranien 

i. 

1962 

i' 

, 

- 14 - 

Cultivated areas 

Anacarde 

Teck 

Savanna witch 

Forest shrubs 

with reg&rd t o  one simple eleralent: 

determined as a func t ion  o f  depth  of annual p r e c i p i t a t i o n ,  with a c o r r e c t i o n  
t o  t ake  i n t o  account t h e  depth o f  t h e  previous yea r ' s  p r e c i p i t a t i o n .  

success ive  r eg res s ion  curves  are a l t e r e d  s i g n i f i c a n t l y .  The development of 

l and  comprising t h e  teak p l a n a t a t i o n s  c a r r i e d  cons iderable  mod i f i ca t ions  t p  

the  s o i l  p r o f i l e .  

t h e  l o s s e s  by d i f f e r i n g  evapot ranspi ra t ion .  

t he  depth of annual runoff  (HI. H was 

Two 

I 
Th is  c l e a r l y  increased  i n f i l t r a t i o n  and consequent ly  

t 
These t ransfor r la t ions  were brought about r i t h o u t  any 

a t t ached  t o  t h e  use  o f  modern means, s i n c e  every th ing  

o r i g i n a l l y ,  i t  was a ques t ion  o f  a cu l t i vh ted  savannah and no t  a f o r e s t .  

importance being 

was done by hand and,  

1 
i 

! 

This  example was given t o  deriionstrate c l e a r l y  t h a t  most hydro log i s t s  t h e  

viorld over must o f t en  work on dra inage  bas ins  i n  f u l l  evolu t ion  wi thout  

r e a l i s i n g  i t ,  anà t h i s  evolu t ion  is a l l  t h e  more dangerous because it is 

progress ive .  

hydro loEis t  \ v . i l l  be on h i s  p a r d .  

for procre:;sive c1:ar:ges; more e s p e c i a l l y  a s  hydrology has  progressed  t h e r e  

are a v a i l a b l e ,  a l l  over t h e  p l ace ,  long s t a t i s t i c a l  s e r i e s .  

have been únalysed únd a f t e r  impassioned d iscuss ion  va lues  have been reached 

f o r  one hundred year f loods  or even one thousand year  floods.  

a r e  considered v a l i d  and it is supposed t h a t  they w i l l  even be  improved by 

t h e  p u r s u i t  of b e t t e r  q u a l i t y  observa t ions .  

mistake: 

s e r i e s  c.hich is looked f o r  w i l l  no t  be  homogeneous. 

t h i s  x i 1 1  not  even be  suspected. 

. 
Cut do.m a f o r e s t  and r ep lace  it with g r a s s  land and t h e  

He w i l l  be a Eood d e a l  l e s s  v i g i l a n t  

These series 

These va lues  

Row very o f t e n  t h i s  is a 
t h e  bas in  is no lonGer t h e  same as be fo re  and t h e  l o n g ' s t a t i s t i c a l  

C h a t ' i s  more se r ious ,  

i 

I 

";hat is no t  t o  say  t h a t ,  i n  r eg ions  where )!an's in f luence 'on  the, hydro log ica l  

regime is s i g n i f i c a n t ,  observa t ions  on t h e  bas i c  hydroee t r ic  net;vork may 

be neglec ted .  

t h e  s a f e t y  margin between t h e  water resources  and requirements w i l l  

con t inua l ly  diminish.  

acqu i r e  qEan t i t a t ive  da ta  on t h e  modi f ica t ions  t o  t h e  hydro logica l  regime. 

On t h e  con t r a ry ,  they a r e  more necessary than ever ,  because 

It is t h e r e f o r e  more and more urgent t o  t r y  and 

Host of t h e  t ime t h e  s tudy  is t o  be unliertaken from t h e  start o f  i m p o r t a n t  

nanagernent p r o j e c t s  on dra inage  bs s ins ,  or, preferab ly ,  beforehand. 

t hese  two cases t h e  da t a  frcm t h e  base hydroce teoro logica l  networks ,cannot 

be  used. s t u d i e s  made on experimental  p l o t s  

and s t u d i e s  on experimental  bas ins .  

I n  

Two methods can be enployed: 
I n  t h i s  ca se  t h e  sense  o f  t h e  word 

- 15 - 
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"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 o f  
experiment. 

11 

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 km', 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 basih is impermeable, and the lateral changes 
insignificant in the zone of change, then the experimental basin permits a 
complete hydrologic balance. 
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. 
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. 

, 

The drainage basin allows consideration not only 

This type of study is made possible on 

For sediment transport the experimental plot accounts for sheet erosion aGd 
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. 
hand it gives rather poor pointers on the erosion of interfluves, except if it 
is extremely small. 
.usefur to see some erosion plots or micro-basins (of a few hectare's in size). 

On the other 

This is the reason why on an experimental basin it is 

A drainage basin, by the very nature of its own characteristics, imposes 
constraints on analysis. 
to the extent that the selected site is chosen in terms of the proposed 
experiment, and consequently, the results obtained are more satisfying from a 
theoretical standpoint because they are more systematic and of a more 
analytical nature. 
an experimental basin. 

' 

Studies on plots o f  land escape these constraints 

This is a further reason for equipping one or more plots on 

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. 
greater ensemble, and permits,an easy regional extension of the results. 
is particularly important in the case of complex regional management schemes 
where the drainage basin comprises, at the same tirne, zones of diversified 
agricultural development, industrial establishments and modern built up areas. 

Thus it constitutes a sort of reduced model of a vastly 
This 

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 land probably the oldest1 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, experimental 
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 climatological elements during the observation. 
period. 
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 
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 u n i n  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. 
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 basins, nor the results which each of them permit one to obtain. 
One is content to stress the following four points:- 

1. 
Man's influence on water resources, and for thisreason it is necessary to 
dwell on their usefulness. 

The comparison of the hydrological characteristics, before and affer 

At this stage of the study one must not lose sight of the.problems of 

The experimental basins constitute an irreplaceable tool for the study of 

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 plankt. 

3. The selection of basins and their managenent, 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 so one 
cannot encourage enough the exchanges of information in the field of experimental 
basins. 

4, The research workers who are working on these basins 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 expgrimental 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 aqrtions on 
water resources and on the environment. 
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