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ABSTRACT - Homogénéisation du ler ordre(first degree homo- 
The author points out the important phases 

.of the method of annual rainfall indices vector 
(G. Hiez 1977 and Y. Brunet-Moret-1979). This me- 
thod is similar to the double-mass method,but he- 
re annual observations are not only compared to 
some other stations, but to a single index using 
all the annual observations of a homogeneous area 
to be calculated. We call "regional vector" the 
series of annual indices. 

Some results are given, concerning six stu- 
dies made in large intertropical and mediterra- 
nean zones, over the last five years. 

Then we present some advantages of the me- 
thod, such as the extension of annual means and 
the estimation of missing data, calculated with 
computer. Finally the vector of annual indices is 
a good synthesis for studying long term varia- 
tions, namely dry and wet sequences. The obtained 
vectors in diversified climates can be successfu- 
lly compared. 

1 - REQUIREMENTS FOR A CONTROL - FIRST AND SECOND 
DEGREE HOMOGENIZATION 

Prior to any simple statistical approach(1i- 
ke computation of mean) upon a long period of 
rainfalls data,mostly obtained through non recor- 
ding gauges, it is advisable (for eventually cor- 
rect or delete) to detect : 

a- important mistakes which can occur during mea- 
surement (loss of water,missing or unqualified 
observer etc. ..)or during data report(neglect, 
false report etc...). 

b- systematical errors resulting from unnoticed 
change of place, or from an equipment discre- 
pancy(discordance of test-tube and bucket dia- 
meter), etc.. . 
If these errors are not detected, there is a 

risk to get some non homogeneous series including 
samples of several statistical populations, and 
the final result will be wrong. 

In a classical way, for a specific climatic 
zone.we can check the homogeneity of annual rain- 
fall series through the double-mass analysis. 

When the study is conducted at a wide scale 

genization) : 

Insure that the sample is really a park of a 
single population. We consider generally that 
the additions,corrections and deletions resul- 
ting from this operation, as well as the ones 
obtained by other comparisons are part of the 
first degree homogenization. 

- Homogéneisation du 2ème ordre (second degree 
homogenization ) : 

Through various methods,computation for a com- 
mon length of time(as long as possib1e)of sta- 
tistical values, specially: annual means,stan- 
dard deviation, ... estimation of missing data, 
etc.. . 

2 - THE METHOD OF ANNUAL RAINFALL INDICES VECTOR 
For a wide region including many stations, 

the double-mass method becomes a drudgery, even 
with automatic computation. To eliminate one of 
inconveniences, G. Hiez (1977) suggested to com- 
pare each station to a single sequential group 
of rainfall indices(Ca1led REGIONAL VECTOR),cal- 
culated with the observed data at all the sta- 
tions. 

We are briefly presenting here the main 
points of a similar method programmed by Y. Bru- 
net-Moret (1979) : 

The index zi of a year i is computed 
through the rainfalls of the n stations (n fluc- 
tuating from one year to the other) : 

a=n 
zi =cad (Pai/Pa) / n 

Where Pai is the annual rainfalls during - *  

the year i at the station a 

and Pa the annual rainfalls mean at 
station a 

The output of computer page 3 ,  copied on table 1 
shows the values of indices zi (1.0481 0.7774 
. . .) , for the successive years (1964, 1965.. .) ; 
the indices are calculated with 5, 6...stations . 
The mean of zi is 1. Index approach 1 for ave- 
rage years (1964, 1977.....). The wet years get 
hiah indices (1970..)and vice versa(l971 1980..). 

(a country survey, great basin monographs..),the Table 2 shows the deviation Eai for each 
homogenization is considered as definitive,and we station a and each year i : follow two successive steps of which we @.ve définitions 
here after,as accepted by French speaking people. Eai = (Pai/Pa) - zi 
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The 118 (in this case) deviations represent 
a normal distribution about their mean ( zero 1, 
and with a standard-deviation of e ( p o i n t  out 
on table number 2). Through this table, we can 
detect : 

- some years too much dry or wet, where 
deviations Eai exceed 2.5(3.0 ... ) times the 
standard-deviation, (i.e. 1% JO. 1%..) of the , 
observations). For example : year 1966 at sta- 
tion 1020, 

- sequences of years with high positive or nega- 
tive deviations, showing possible systematical 
errors. For example : years from 1975 to 1981,‘ 
station 1640, and years 1980-1981, at station 
1050. 

With other pages of listing (eight pages on 
the whole), and an automatica1 graph, we can 
check the double-mass curves between the regio- 
nal vector and each station. So we can confirm 
or not the detected errors. In this case we ha- 
ve confirmed : 

- equipement discrepancies about stations 1640 
and 1050.These have been observed Ón the field, 

- errors during report at statim 1020,year 1966. 
It should be observed that it is not necessary 
to correct all that seems to be unreliable. In 
fact, at the end of the study, it may remain for 
example 5% of values out of 2 standard-devia- 
tions (but approaching). In this case, where 2 
standard-deviations equal 0.18 (before correc- 
ting) six values may remain approximatively. 

3 - APPLICATIONS UNDER INTERTROPICAL AND MEDI- x 

TERRANEAN CLIMATES 

Table 3 shows quantitative characteristics 
about six studies on different size zones. We 
can note that the number of regions ( with dif- 
ferent vectors) is not related to the wideness 
of the study area, but rather : 

- to the density of stations, 
- to annual and monthly weather changes, more 
than the annual rain amount. 

For example, about Basse-Terre of Guadelou- 
pe (mountainous island), we have gathered sta- 
tions with annual rainfalls ranging from 1000 
to 8000 millimeters, but located on the same si- 
de of the mountain (windward or leeward). 

On the other hand, G. Hiez and L. Rancan 
(1983) have defined about the whole Brazil, re- 
gions delineated by imbricated hexagons of 12500 
km2, which can been divided or grouped. 

About the efficiency of the method, table.4 
shows that we can get many corrections, special- 
ly with long time series. 

4 - ADDED ADVANTAGES OF THE METHOD 
. With vector method, and chiefly the compu- 

ting program, we can obtain the following opera- 
tions : 

a) - take into consideration all the stations, 
including the ones with few broken records: 
5, 6 years (adjustable), not necessary con- 
tinuous, 

b) - obtain immedirttly a long term average upon 
€be vector period, ’ ’ 

c) - eventually improve this extension upon a 
longer period,by taking into consideration 
the other vectors of the study, 

d) - if necessary, calculate the missing annual 
rainfalls, by preserving the standard-de- 
viation of the observed sample. So the es- 
timated annual values may be used : 

. in a hydrological model, 

. to improve the annual statistical study 
of the stations with short period in 
particular,even if the series are gaus- 
sian or not. 

Y 

Finally, the annual indices vector is a 
good synthetic tool to point out the sequences 
of dry and yet’.years:-For example, we shall se- 
lect the Chad Lake Basin survey( Y. Brunet-Moret 
and a. 1979) -about 1000 O00 kmz- for which we 
indicate (graph 1) the annual isohyets ( 1946 - 
1976) and the boundaries of the sixteen regions. 

The grah number 2 shows for the septentrio- 
nal regions 1 and 5, and for the southern region 
9, the variation of the cumulated differences 
between indices zi and their mean (equal 1.0) 
c/f table 1, column 4 : 

Where i is the sequential number of zi 

and n the number of years in the vector 

As’an example, we read the deviations of Ci a- 
bout zone 5 as follows : 

- a sequence of wet years from 1949 to 1959, du- 
- a group of relatively average years from 1960 

- a sequence of dry years from 1968 to 1976 ( Ci 

series 

ring which Ci remains increasing, 

to 1967, where Ci is quite constant, 

decreasing). 

The graph 2 well shows the small dissimila- 
rities between regions 1 and 5 (i. e. year 1951, 
1962 to 1967...), but specially the lower ranges 
of dry and wet sequences observed in region 9 
(showing a more wet average). 

With such synthetic tools,we expect to com- 
pare climatic trends upon large scale regions, 
like continents. 

5 - CONCLUSION 
In spite of the interesting advantages sho- 

wed as above, it should be observed that, like 
with double-mass method, the utilization of vec- . 
tors is a long and wearying task. The‘six stu- 
dies referenced above have required from 2 to 8 
months of engineers’time,all- data ready for pro- 
cessing. 

The major difficulties occured in data are 
the lacks of history of stations, fox instance 
the data of change in location, alteration of e- 
quipment, etc... 

However, with some quite accurate data, we 
can expect through vector method to detect in 
the first step, and then to correct carefully : 

- the obvious mistakes in data collections, 
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OUTPUT OF COMPUTER 

VECTEUR 2 APRES 3 ITERATIONS E'ECARTS A Z PAGE TROIS 1 
NERE STATIONS ANNEE VECTEUR CUMUL 0.00 MOYENNE MOMENT 2 

5 19G4 1.0481 0.05 O.oOo0 0.000754 1964 
6 1965 0.7774 -0.17 0.0000 0.005633 1965 
7 1966 1.4021 0.23 -0.0469 0.025969 1966 

5 1967 0.8826 0.11 O.oo00 0-068305 1967 
7 19G8 0.8681 -0.02 0.0000 0.003229 1968 
7 1969 1.0629 0.04 O.oo00 0.002280 1969 

7 1970 1.5967 0.64 O.oo00 0.002430 1970 
7 1971 0.6150 0.25 O.oo00 0.003138 197 1 
7 1972 1.0672 0 . 3 2  0.0000 0.002691 1972  

7 1973 0.7619 0.08 O.Ooo0 0.005208 1973 
7 1974 1.0205 0.10 O.oo00 0-002789 1974 
7 1975 0.7653 -0.13' O.oo00 0-003760 1975 

7 . 1976 0 - 8 3 4 6  -0.30 O.oo00 0.003482 1976 
7 1977 1.0000 -0.30 -0.0275 0.010487 1977 
7 1978 0.9127 -0.38 -0.0252 0.007130 1978 

6 1979 1.3994 0 . 0 2  -0.0457 0.022095 1979 
6 1980 0.6818 -0.30 0.0000 0.005326 1980 
6 1981 1.3028 -0.00 O.oOo0 0.025647 1981 

POUR LES z nu VECTEUR NERE D ANNEES 18 MOYENNE 1. 

PROB AU DEPT TEST HOMOGENEfTE 0.793 
VARIANCE O OG90038 COW ASY 0.706 COEF VAR 0.2642 

SiRICT COEF AUTOCORREC'ATION -0.501 

Table 2 
OUTPOT OF COMPUTER 

MATRICE DES 118 ESECARTS A Z:PRECIPITA~ION/MOYENNE-VECTEUR PAGE CINO 1. 

1964 **ta -.o5 0.02 * * * t  0.01 0.01 0.01 t t t t  * t t *  t t t t  t * t t  tv'tt  t t o t  1964 

'1720*1020'1040*1640*1050*1740*1750 

1965 * * * *  -.o2 - . I 1  0.14 0.02 -.O5 0.02 * * * t  * I t *  s t * *  * a t *  * t t *  V t * t  t t t t  1965 
1966 0 . 0 3 2 9  0 .12  0.00 - .O4 -.lo 0.05 * * * t  * * * *  * * * *  * * * *  e * * *  * * * e  * * t *  196s 

1967.-.06 -,13 * * * *  0.10 -.O1 t t t t  0.10 t t t t  t t t t  * * t t  tt** t * t t  t t t t  t t t t  1967 
1968 -.O9 -.OF,.-.O3 0.08 0.02 0.07 0 . 0 1 . * * * *  * * * *  * * * *  * * t *  e t * *  t t * t  * * e *  1968 
1969 0.03 -.O7 -.o0 0.07 -.O2 0.Oß -.O5 **t. * e * *  * * * *  * * * *  * * t t  t t + t  t * t *  1969 

1970 -.O4 0.10 -.O1 0.02 0.00 -.O8 -.Mf * t e *  * t * t  * a t *  * * * *  * t * t  * * * t  t t t t  1970 
1971 -.O8 0 .04  0 .01  O 10 -.O3 0.01 - 06 * t t t  t t t t  t t t t  t * * t  t t t t  t t t t  e t * *  1971 
1972 -.O3 -.O4 0.00 0 : l l  -.Cm 0.03 -:O7 * * * 8  * * * *  * * t .  * * t t  t t t t  t t t t  t l f t  1972 

1973 -.O6 0.05 -.O8 0.00 0 .14  0.02 -.O7 * * * *  * * * t  * * * :  t t t t  t t t t  t t t r  t r t t  '1973 
1974 -.O4 -.O8 - .O5  0.06 0.05 0.04 0.02 a * * *  * * * *  * * * * ' * * * *  * * a *  a * * *  * * * *  1974 
1975 - .O5  0.02 -.O4 -.O9 0 . 1 1  0 . 0 5  -.o0 t * * t  t t t t  t t t t  t * * t  t t t t  t t t t  t t t t  (975  

1976 0.00 -.O4 -.O3 -. lo 0.09 0 .03  0.05 t t t t  * * * *  * * * a  * * * *  **t. * * t e  * e t *  1976 
1977 -.O6 0.10 -.O4 -.23 0.05, - .03 0.02 * * * *  * * * *  * * * e  * * * *  t * * t  * e * *  t l * *  1977 

- 

1978 0.02 - .O1 -.O3 -.21 0.04 0 . 0 2  -.o0 * * a *  * e t *  t * * *  a * * *  * t t t  t t t *  t t t t  1978 

1979 0.06 0.06 0.01 -.35 - -.O2 * t e *  8 t t t  t t t t  O * * *  t * t *  t t * *  * t t t  t t t t  1979 
1980 0.11 0 .01  0.06 -.O7 - . I 1  -.00 * * t e  t f t 8  t b t t  s t ¶ *  a * * *  * * I t  t t t t  1 * t t  1980 
1981 0.17 0.11 0.09 -.25 -.20 0.09 * * * *  i t t t  **t. t t ~ t  i t * *  * t r t  e t e t  t t t t  1981 

a = $Ei- = O,O~R 

n., 
*1720'1020*1040*1640*10S0*1740*1750* 

WMENTS DES E MT1 -.823650-O2 lMT2 0.767500-02]MT3 -.114600-O2 MTU 0.450510-03 

Table 3 

. Study ~ 

Area 

surveyed 

km2 

' ,  

Chad 'Lake basin (project) 

Republic bf Togo (at las)  

Central Tunisia (monograph) 

Alaotra Lake-Madagascar (model] 

Guadeloupe Island (monograph) 

Tahiti Island (monograph) 

1 O00 O00 
56 O00 
9 700 
-7 ob0 

1 52D 
I OOQ 

Number of 

years {end 

of study) 

31 

49 
55 

35 
50 

15 

Number o f  

se lected  

st a t  ions 

I01 

72 

83 
30 

1 05 
78 

Number 

of 

regions 

16 
9 .  

6 
2 

5 

10 
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S T U D Y  

ALAOTRA 

Table 4 

Beginning -Deleted 
of t h e  (too man] 
study errors) 

45 15 

N U M B E R  OF S T A T I O N S  

11 

21 

1 

9 35 years 

71 50 years 

O 15 years. 

With With 

discrepancies series 

Storage 
raingauqes 

.16°-r0~ O O O O O O O O O O O O O O O O O 

I 0 2  
.A  

. .  . .  

. Fig-1 ' ETUDE DU EASSLN CQNVENTFONNEL DU L A C  TCHAD 
STUOY OF THE CQNVENTIQNAC CHAD LAKE B A  SIN 

.. 

. .  
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BV CONVENTIONNEL D U  L A C  T C H A D  

CONVENTIONAL C H A D  L A K E  B A S I N  f 

V A R l A T l O N  D U  C U M U L  D E S . E C A R T S  D U  V E C T E U R  A S A  M O Y E N N E ' ( 1 . 0 0 0 1  

V A R I A T I O N  OF THE C U M U L A T E D  DlFFERENCES BETWEEN VECTOR AND ITS MEAN 11.0001 
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- flagrant equipment discrepancies, 
- surroundings or location changes (when they a- 
re noticed, and in a small number for a sta- 
tion). 
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