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ABSTRACT. This paper aims at presenting a combinatorial technique of a similar 
Thiessen method and precipitation gauge station availability for estimating 
the daily catchment precipitation. The correction of the so obtained catchment 
precipitation for elevation variation is also included. By this double 
techni que, it is preserved the real nature of preci pi tat ion i nformat ion, whi.ch 
is usually required by the deterministic conceptual models. It can also ha~~le 
successfully any change in the gauge network, that was the greatest limitation 
of the classic Thiessen method. The technique is achieved by using computers, 
and the proposed programming procedure can be applied on a microcomputer, even 
though combinatorial and sorting algorithms are developed in it. 

1. Introduction 

The hydrology of a drainage catchment, from precipitation through stream 
discharge at the lowest outfall, can be conceived as a series of interlinked 
processes and storages. In conceptual mode" i ng, the catchment processes are 
described mathematically (e.g. by an equation for evaporation or a routing 
procedure for overland flow), and the storages are considered as reservoirs, 
for which water budgets are kept (Shaw 1984). 

The above consideration of interdependent water budgets with as primary 
input the catchment preCipitation, makes it necessary for the precipitation 
estimate be as true as possible. 

The usual estimation techniques of catchment precipitation are the 
arithmeti c average, the Thi essen polygons and the i sohyetal method. Later, 
with the advent of computers, numerical methods were developed (Hutchinson & 
Walley 1972, Shaw & Lynn 1972), and recently the parametric ones, which 
introduce directly into the system rainfall-runoff the preci pi tation gauge 
station data without averaging them over the catchment area. These last 
methods consider the station weights as parameters of the above system, whose 
values are determined by the hydrometeorological and physiographic 
characteristics of the catchment (Ramaseshan & Amant 1977). 

All the above mentioned methods can easily be imple'mented only when there 
are available precipitation records filled with data. When the precipitation 
reco.rds include incomplete data, these usually are estimated by an appropiate 
technique, and after that any method for determining catchment precipitation 
can be applied. 

Though, most of the deterministic conceptual models require the catchment 
preCipitation information to be real and daily, in this case the filling up of 
daily missing data is avoided because: 

o the real nature of precipitation series elements is destroyed, 
o th e estimation techniques of daily missing data introduce computing 

errors. 
The third reason is that most of these last techniques are applied with 
difficulty (e.g. the application of mulisite stochastic models). 

In mountainous catchments orographic effects cause, generally, increase of 

89 



precipitation with elevation. This fact must be taken into account in 
evaluating the true catchment precipitation. The precipitation gauge stations, 
that are usually installed on the valleys of the mountainous areas, cannot 
possibly catch and record the precipitation falling on higher elevations. Even 
though station$ are installed on high elevations, these are susceptible to 
record errors. For this reason, we correct the precipitation for elevation 
increase from records of stations that are installed on lower elevations. 

In hydrological modell ing, the catchment precipitation is evaluated for 
mean catchment elevation (Table I) after a proper precipitation-elevation 
relationship is established. 

Concequently in this work we have to deal with two problems, primo, the 
estimation of daily catchment precipitation from records including incomplete 
data and, secundo, the correction of catchment precipitation for mean 
catchment elevation from eXisting station data. This will enable us to 
preserve the real nature of the precipitation. 

The possible station weights are evaluated by a Thiessen-like method, 
(which produces the matrix of these weights), while the possible corrective 
factors are determined from the rate of variation between precipitation and 
elevation, providing also the matrix of the aforesaid factors. The actual 
weights and corrective factors are determined from the matrixes of possible 
weights and factors through the stations' daily availabil ity, which defines 
the existence or not of precipitation data on that particular day. 

In turn, the actual wei ghts and factors are used to compute the da i 1 y 
catchment preCipitation for the mean catchment elevation. The proposed 
technique is simple and can be applied on a microcomputer, even though 
combinatorial and sorting algorithms develop in it. 

2. Proposed Method 

2.1. ESTIMATION TECHNIQUE OF DAILY CATCHMENT PRECIPITATION 
For determining the daily catchment precipitation, the proposed technique 

is based on three assumptions that are similar to Thiessen's, namely: 
i. A preCipitation gauge station is significant when the distance between 

station and centre of any finite element of catchment is smaller than 
the corresponding distance of any other station to that same element. 

ii. A precipitation gauge station near the centre of the catchment is more 
significant than one far removed from the centre. Stations outside of 
catchment are not equally significant with respect to the catchment 
precipitation. 

iii. The signi ficance of precipitation gauge 
station is affected by the shape of the 
catchment. 

In other words how significant is a precipi
tation gauge station is determined by its in
fluence area. For this reason, the catchment is 
divided into unit square elements (they may be 
rectangular). The element centers and the posi
tions of stations are determined with the aid of 
x and yaxes (Fig.I). 

For every square element, the distance 
between the centre of element and every station 
position is computed. The weight 1 is attached 
to the nearest station (i. assumption). This 
procedure is repeated for all the square unit 
elements; by adding them we define the catchment 
area, while the sum of elements of every station 
divided by the total number of the elements 
gives the weights of stations. 

The above computations are carried out for 
all the possible combinations of the available 
stations, resulting from the formation of the 
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matrix, WT(IR,IC) , that includes all the possible weights. The row number 
required for any condition of station availability, described by matrix 
JDAY(IC) is based on the Chinese binary number given when the station availa
bility is coded as 1 for available and 0 for not available. The dimensions IR 
and Ie in the matrixes are: Ie=l, ••• ,N and IRs 1 , ... , (2**N)-l, whereN is the 
number of stations. The row number IR is determined by the followig Fortran 
a 19ori thm where items of avail abil i ty code (e.g. 111111 or 101011, etc) are 
stored in consecutive words of the matrix JDAY(IC): 

IR '" 0 
DO 10 J = l,N 
K .. N - J 

10 IR '" IR + (2**K) * JDAY(J) 

For instance, with 6 stations, the availability condition 111111 (all 
available) gives the row 63 (Table VIII) in the matrix WT(IR,IC) , while the 
condition 010111 (the first and third not available) gives the row 23 in the 
same matrix (Table VIII). 

The station availabil ity matrix, JDAY(IC) , is computed on a daily basis, 
while the WT(IR,IC) matrix is used as a look-up table from which the actual 
weights for each station can be obtained. The actual weights are used for com
puting the daily catchment precipitation from individual stations precipita
tion. In addition, the monthly and annual catchment can be computed, as well. 

A station is available on a given day when it furnishes precipitation 
information for that day. In the opposite case, the station is unavailable and 
denotes the daily missing precipitation data. Even though, a station monthly 
precipitation is recorded as 0, while the nearby stations monthly precipita
tion has great values, there is a confusion about how correct is the recorded 
value. In this case, we reject the nil value and assume that the monthly and 
daily rainfalls for that month do not exist and that they are represented by 
the unavailability of their stations. By using this methodology, questionable 
or missing data are represented by the unavailability of their corresponding 
stations. 

2.2 CORRECTION TECHNIQUE OF DAILY CATCHMENT PRECIPITATION FOR ELEVATION 
VARIATION 

For determining daily catchment precipitation to mean catchment elevation 
the proposed technique includes: 

o Computation of mean catchment elevation (Table I). 
o Searching for a linear correlation between station elevation and mean 

annual station precipitation. The slope of regression line constitutes an 
initial estimate of rate, a, of the precipitation variation with eleva
tion. The final estimate of the rate can be determined by trial and error 
procedure based on annual water balance considerations. 

o Evaluation of weighted mean stations elevation, H, acccording to' station 
availabil ity. The matrix with possible weights, WT(IR,IC) , is used to 
estimate the possible weighted mean elevations of stations (equation 2.1). 
Every row of the matrix WT(IR,IC) is activated by the station availability 
condition JDAY(IC) and it gives the actual weighted mean elevation (of 
stations) . 
Because of the weighted mean stations elevation depends on the station 

availability, the correction factor A of catchment precipitation for elevation 
variation takes a set of values according to the combinations of available 
stations. The matrix with possible values of the correction factor A, is 
computed by the following Fortran algorithm: 

H .. O. 
DO 10 IC", I,N 

10 H", H + IrIT(IR,IC) * ELEV(IC) (2.1) 
A '" 1.0 + (AVELEV - H) * a / AVCATR 
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where, N is the number of precipitation-gauge stations, ELEV(Ie) the matrix 
of stations elevations, WT(IR,IC) the matrix of possible weights of the 
stations, AVELEV the mean catchment elevation, and AVCATR the annual catchment 
precipitation (without correction). 

The parameter 0 is a monotonic function of lOA VEL EV-H" , but its second 
derivative is negative, reflecting the fact that the rate of increase of mean 
precipitation with elevation decreases at high elevations. 

The daily condition of station availability determines (from the matrix 
with possible correction factors) the actual correction factor, by which 
latter we multiply the daily catchment precipitation for that day. 

3. Prograaaing Procedure of the Method - Data Inputs 

The method described previously can be easily applied on a microcomputer. 
For facility, we use six phases: 
(a) WEIGHTS DETERMINATION 

By usi ng the geometri c characteri st i cs of the catchment we compute the 
station weights and we store them in order to use them subsenquently in the 
second phase. 

The required data are: 
• Dimensions of finite elements of catchment division dx, dy. 

The size of elements does not matter. A good choice for large basins is in 
the order of 500-1000 m. 

• Rows number of elements for one of the axes x or y. Every row includes a 
set of elements depending on the size and shape of the catchment. 

• Co-ordinates of the centre, first and last element for every row. 
• Precipitation stations number and their co-ordinates. 

(b) DETERMINATION OF DAILY CATCHMENT PRECIPITATION 
Firstly we determine the daily condition of station availability, find the 

actual weight for this condition, and then compute the daily catchment 
precipitation from the precipitation of the individual stations. Afterwards 
the computation of monthly and annual catchment precipitation is a simple 
procedure. 

The required data are: 
o Number of precipitation stations. 
o Common ending year of stations precipitation data. 
o Beginning year of daily precipitation for every station, according to the 

files of precipitation data. 
o Files of station daily precipitation. 

(c) COMPUTATION OF ANNUAL CATCHMENT PRECIPITATION 
The annual catchment precipitation can be computed from daily catchment 

precipitation which was obtained from phase (b) by a double summing. Firstly, 
the summing of daily catchment data for every month gives the monthly catch
ment precipitation, and in turn, the summation of monthly catchment precipita
tion of a year provides the annual catchment precipitation for that year. 

If monthly or annual station precipitation data are available, the estima
tion procedure of annual catchment precipitation is simple and short, in 
contrast to the daily station data that require more processing and computa
tion time, until they give the annual catchment precipitation. The mean annual 
catchment precipitation is the longterm actual average of precipitation. 

(d) COMPUTATION OF PRECIPITATION VARIATION RATE WITH ELEVATION (0 PARAMETER) 
We compute the 1 i near corre 1 at ion coeffi c i ent between station e 1 evat ion 

and mean annual precipitation for all the possible stations combinations. We 
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then select the combination which presents: 
o The highest linear correlation coefficient (maximum value 1.0). 
o That one which includes as many nearby stations as possible. 

The slope of linear regression line constitutes the variation rate of mean 
annual precipitation with station elevation. In case the above mentioned 
conditions cannot be satisfied, we make groups of nearby stations and search 
for any possible linear correlation between station precipitation and eleva
tion. The mean average of slopes of the corresponding lines is the variation 
precipitation rate with elevation. 

The required data are: 
* Stations availability matrix. 
* Mean annual station precipitation. 
* Stations elevations. 

(e) COMPUTATION· OF CORRECTION FACTOR A 
In this phase, the correction factor A is computed. 
The required data are: 

- Mean catchment elevation. 
- Stations elevations. 
- The variation precipitation rate, c, with elevation (phase (d». 
- The annual catchment precipitation (without correction) AVCATR (phase 

(c». 

(f) DETERMINATION OF CORRECTED DAILY CATCHMENT PRECIPITATION FOR MEAN 
CATCHMENT ELEVATION. 

During this last phase, firstly, we determine the daily condition of 
station availability, find the actual factor A (from the previous phase) and 
finally we compute the corrected daily catchment precipitation by multiplying 
the daily catchment precipitation (from phase (b» by factor A. 

The required data are the same with those of the second phase. 

4. Application 

The described method has been applied on the. Mesochora mountainous 
catchment of the Acheloos river of Greece (Fig 2), because a series of works 
are constructed there for d\verting the river to the arid Thessaly plain. The 
catchment area is 632.8 km, it has intense topography and mean elevation 
1390m (Table I). 

In the catchment there are 
installed six precipitation 
stations (Fig.3). The station 
daily precipitation including 
incomplete data appears in the 
Tables II to VII. From the exi
sting data, it is evaluated the 
daily catchment precipitation 
to mean catchment elevation for 
the cal endar year 1964. In the 
tables, the missing data are 
presented by *****, while the 
symbol • denotes the maximum 
da i 1 y value for every month. 
The availability and the possi
ble weights of six stations are 
presented in the Table VIII, 
while the Table IX includes the 
estimates of the daily catch-
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other study), whi 1 e the 1 i near correl at i on between 
station elevation is considered for the following: 

annual precipitation and 

Stations 

KATAFYTO 
PERTOULI 
VAKARI 
MESOCHORA 
VATHYREMA 

980.0 
1160.0 
1150.0 
780.0 
920.0 

1447.0 
1556.0 
1716.7 
1839.6 
2071.3 

TABLE I Computation of mean elevation of catchment 

Countour oetween count ours Area Mean catchment 
elevation Mean elevation Area elevation 

[m] z [m] A [kJn2] [%] A z [m] 
<1000 800 64.50 10.19 51600 E A z 1000-1500 1250 350.50 55.39 438125 z .. r A 

.. 
1500-2000 1750 201.50 31.84 352625 b 

>2000 2200 16.30 2.58 35860 = 1390 
b3Z.I:IU lUU.UU I:H8Z1U 

Table VIII describes the results of the linear correlation that is, the 
correlation coefficient R~, and the a and b parameters of the regression line 
for three or more stations. We selected the combination of the three stations: 
Katafyto-Pertouli-Vakari, because this combination gives a rather good corre
lation coefficient (R~0.775, R2=0.60) , while, these three stations are 
representative of the catchment. Concenquently, the preci pitat ion vari at ion 
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TABLE II Daily precipitation (in mm) by calendar year 1964 for Aspropotamos 
station 

day January February Ha",h April Hay June July August Septsrller October Novsrller 
1 .0 .0 15.0 . 0 .0 .0 .0 15.6 • .0 .0 . 0 
2 .0 .0 8.0 .0 .0 .0 .0 .0 9.2 .0 .0 
3 3.0 • .0 .0 .0 .0 .0 .0 .0 6.2 .0 15.2 
4 .0 .0 .0 34.0. .0 .0 .0 .0 .0 .0 .0 
5 .0 .0 .0 8.0 .0 .0 .0 .0 .0 _ .0 4.2 
6 .0 .0 .0 2.0 .0 .0 .0 .0 

I 
.0 13.4 45.2 

7 .0 .0 .0 .0 .0 8.4 .0 .0 .0 .0 8.4 
8 .0 .0 5.0 .0 .0 5.2 .0 13.0 .0 3.0 .0 
9 .0 .0 .0 .0 .0 .0 . 0 .0 .0 47.2 • .0 

10 .0 .0 .0 .0 .0 4.4 .0 13.7 .0 .0 65.6 
11 .0 .0 .0 .0 .0 .0 .0 5.2 .0 .0 .0 
12 .0 .0 .0 .0 .0 8.6 .0 .0 .0 .0 .0 
13 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
14 .0 .0 .0 .0 .0 6.2 .0 .0 .0 3.2 .0 
15 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
16 .0 .0 29.0. .. 0 11.0 .0 3.0 .0 .0 .0 .0 
17 .0 .0 B.O 5.0 8.0 .0 13.5 • .0 .0 .0 .0 
lB .0 15.0 .0 2.0 5.6 .0 .0 .0 .0 3.2 .0 
19 .0 14.0 .0 16.0 .0 .0 .0 .0 .0 .0 .0 
20 .0. 47.0. .0 .0 .0 .0 .0 .0 .0 15.2 .0 
21 ,0: .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
22 .... 0· .0 B.O .0 3.4 .0 .0 .0 10.2 • .0 .0 
23 .0 .0 2.0 .0 .0 .0 .0 .0 .0 .0 .0 
24 .0 .0 1.0 . 0 4.6 24.6 • .0 .0 .0 .0 .0 
25 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
26 .0 .0 .0 11.0 2.4 3.2 .0 .0 .0 .0 .0 
27 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
28 .0 .0 .0 3.2 .0 4.0 .0 .0 .0 .0 .0 
29 .0 .0 .0 .0 5.4 .0 .0 .0 .0 .0 .0 
30 .0 .0 .0 12.6. 4.2 .0 .0 .0 .0 75.0. 
31 .0 .0 .0 .0 .0 .0 
~ ~ ~ ~ ~ ~ ~ ~ - - - -L 3.0 76.0 76.0 B1.2 53.0 68.B 16.5 47.5 25.6 85.2 213.6 

TABLE III Daily precipitation (in mm) by calendar year 1964 for Katafyto 
station 

day January February Ha",h April May June July August Septsrller October Novsrller 
1 .0 8.0 .0 .0 .0 . 0 .0 .0 .0 .0 .0 
2 .0 .0 .0 .0 .0 .0 .0 5.3 .0 .0 14.0 
3 .0 .0 .0 .0 .0 .0 .0 .0 5.2 .0 .0 
4 38.0 .0 .0 .0 .0 .0 .0 .0 14.5 .0 17.2 
5 10.0 .0 30.0. 30.0. .0 .0 .0 .0 .0 .0 .0 
6 .0 .0 .0 4.3 . 0 .0 .0 .0 .0 4.B 61.0 • 
7 .0 .0 .0 9.5 .0 .0 .0 .0 .0 1.9 19.4 
8 .0 .0 .0 10.1 .0 19.B 0 .0 .0 .0 .0 .0 
9 .0 .0 7.5 5.2 .0 .0 .0 10.6 .0 59.0 • .0 

10 . 0 .0 14.0 .0 .0 B.6 .0 7.S .0 .0 .0 
11 .0 .0 .0 .0 .0 1.9 .0 .0 .0 .0 48.5 
12 .0 .0 .0 .0 .0 .0 .0 15.0. .0 .0 33.2 
13 .0 .0 .0 .0 .0 .0' .0 .0 .0 .0 30.3 
14 .0 .0 26.S .0 .0 .0 .0 .0 .0 .0 .0 
15 .0 .0 .0 .0 .0 8.2 .0 .0 .0 12.3 .0 
16 .0 .0 2S.2 .0 .0 .0 .0 .0 .0 .0 .0 
17 .0 .0 9.4 4.6 35.0 • .0 .0 .0 .0 .0 .0 
18 .0 .0 .0 .0 5.2 . 0 21.2 • .0 .0 .0 .0 
19 .0 IS.2 .0 .0 .0 .0 .0 .0 .0 22.6 .0 
20 .0 39.0. .0 IS.5 .0 .0 .0 .0 .0 6.5 .0 
21 .0 19.5 .0 .0 .0 .0 .0 .0 .0 24.3 .0 
22 .0 3.0 .0 .0 .0 .0 .0 .0 3.2 .0 .0 
23 .0 .0 10.3 .0 5.6 .0 . 0 .0 35.7 • 7.1 .0 
24 .0 .0 .0 .0 .0 19.5 9.0 .0 .0 .0 .0 
25 .0 .0 .0 .0 .0 17.8 .0 .0 1.3 .0 .0 
26 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
27 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
28 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
29 .0 4.2 10.0 .0 .0 .0· .0 .0 .0 .0 .0 
30 13.0 .0 .0 19.2 .0 .0 .0 .0 .0 12.0 
31 44.0 a .0 2.8 .0 .0 .0 -~ =-=-0< ~ - =-- ~ ~ - """"'"""'" -r 105.0 91.9 136.2 82.2 67.8 75.8 30.2 38.7 59.9 138.5 235.6 
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TABLE IV Daily precipitation (in rnm) by calendar year 1964 for Pertouli station 

day January February March April May June July August Sect!3Ttler October Nov!3Ttler Dec!3Ttler 
1 .0 . 0 13.4 9.2 .0 .0 4.6 .0 .0 .0 .0 69.5 • 
2 2.0 .0 4.0 .0 .0 .0 .0 26.0 • .0 .0 .0 50.3 
3 16.0 .0 .0 .0 .0 .0 .0 .0 30.4 .0 15.0 25.0 
4 28.0. .0 2.0 2.3 .0 .0 .0 .0 .0 .0 .0 18.0 
5 .0 . 0 .0 31.2 • .0 .0 .0 .0 .0 .0 .0 2.;.5 
6 .0 4.0 .0 .0 .0 .0 .0 .0 ! .0 7.8 48.4 0 5.0 
7 .0 .0 49.0. 7.5 .0 .0 .0 .0 .0 1.0 17.0 .0 
8 .0 .0 24.6 .0 .0 5.4 .0 .0 .0 1.0 .0 .0 
9 .0 .0 10.2 .0 .0 15.3 • 7.8 .0 .0 .0 .0 .0 

10 .0 .0 16.7 .0 .0 1.5 .0 .0 .0 70.4 • 30.2 .0 
11 .0 .0 .0 .0 .0 3.2 .0 I 8.6 .0 .0 43.0 .0 
12 .0 .0 .0 2.3 28.0 12.7 .0 .0 .0 .0 .0 .0 
13 .0 .0 .0 .0 .0 4.6 .0 .0 .0 .0 35.8 .0 
14 .0 .0 19.4 .0 .0 9.8 .0 .0 .0 7.0 .0 .0 
15 .0 .0 .0 .0 .0 15.2 .0 .0 .0 .0 .0 .0 
16 .0 16.3 25.0 .0 8.6 .0 .0 .0 .0 .0 .0 .0 
17 . 0 1.0 .0 .0 32.4 • 3.0 .0 .0 .0 .0 .0 .0 
18 .0 8.4 .0 .0 13.7 1.5 22.0. .0 .0 7.4 .0 .0 
19 .0 .0 .0 8.4 3.2 .0 .0 .0 .0 2.0 2.0 .0 
20 .0 23.7 .0 .0 .0 .0 .0 .0 .0 10.0 3.0 37.5 
21 .0 28.0. .0 .0 .0 .0 .0 .0 .0 14.0 .0 10.6 
22 .0 17.4 .0 .0 .0 .0 .0 . 0 38.0 • 4.6 .0 22.0 
23 .0 1.0 .0 .0 .0 .0 .0 .0 .0 5.0 .0 .0 
24 .0 .0 .0 .0 5.2 6.5 .0 .0 .0 .0 .0 .0 
25 .0 .0 .0 .0 6.3 4.8 .0 .0 .0 .0 .0 3.0 
26 .0 .0 .0 .0 11.4 1.4 11.0 .0 4.2 .0 .0 24.0 
27 .0 8.0 .0 10.5 .0 4.5 2.3 4.6 3.4 .0 .0 43.5 
28 10.0 .0 .0 .0 .0 .0 4.7 .0 6.6 .0 .0 8.4 
29 26.0 .0 18.5 .0 .0 .0 .0 .0 .0 9.4 .0 .0 
30 4.0 .0 .0 23.6 .0 .0 .0 .0 .0 15.8 1.4 
31 .0 .0 .0 .0 .0 .0 .0 - - - - - - - ~ ~ ~ ~ - ~ L 86.0 107.8 182.8 71.4 132.4 89.4 52.4 39.2 82.6 139.6 210.2 342.7 

TABLE V Daily precipitation (in rnm) by calendar year 1964 for Vakari station 

day January February March ADril May June July August Sept!3Ttler October Nov!3Ttler Dec""""r 
1 .0 .0 18.5 13.5 .0 .0 1.0 .0 .0 .0 .0 83.3 0' 
2 .0 .0 6.0 .0 4.2 .0 .0 3.6 3.0 .0 .4 40.8 
3 .0 .0 .0 .0 .0 .0 .0 .0 37.0 .0 16.7 16.7 
4 15.4 .0 .0 6.5 .0 .0 .0 4.5 .4 .0 .8 31.2 
5 7.1 .0 3.9 36.0. .0 .0 .0 .0 .0 .0 .0 48.1 
6 .0 .0 3.3 2.3 .0 .0 .0 .0 .0 8.4 58.6. 10.1 
7 1.7 1.7 27.2 9.0 .0 .2 .0 .0 .0 1.7 21.2 4.3 
8 .0 .0 37.5. 1.0 .0 7.9 .0 .0 .0 2.7 1.5 .0 
9 .0 .0 15.0 1.2 .0 5.2 .3 .8 .0 1.0 .0 .0 

10 .0 .0 14.5 .0 .0 7.5 . 0 1.2 .0 78.7 • 13.7 .0 
11 .0 .0 .0 .0 .0 10.0 .0 1.7 .0 .0 45.9 .0 
12 .0 .0 .0 1.3 10.1 4.7 1.3 .0 .0 .0 .0 .0 
13 .0 1.6 .0 .0 .0 4.0 2.1 .0 .0 .0 30.0 .0 
14 .0 .0 10.0 .0 .0 1.4 .0 .0 .0 .0 .0 .0 
15 .0 .0 13.0 .0 .0 10.9 .0 .0 .0 10.0 .0 .0 
16 .0 17.3 30.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
17 .0 6.0 13.8 .0 **"*** .0 .0 .0 .0 .0 .0 5.0 
18 .0 6.0 .0 .0 - 10.7 16.5 • .0 .0 .0 .0 .3 
19 .0 9.3 .0 2.1 .0 .0 .0 .0 .0 16.8 .0 .0 
20 .0 64.0. .0 .0 .0 .7 .0 .0 .0 5.0 5.4 53.8 
21 .0 26.0 .0 .0 .8 .0 .0 .0 .0 18.0 .0 9.4 
22 .0 4.8 1.1 .0 .0 .8 .0 .0 41.2 • 4.5 .0 26.6 
23 .0 5.5 6.5 . 0 1.4 .0 .0 .0 2.8 15.6 .8 .0 
24 .0 .0 1.0 .0 3.2 14.8. 1.6 .0 .0 .0 .0 .9 
25 .0 .0 .5 .0 3.8 6.5 --- .0 2.0 .0 .0 1.3 
26 .0 .0 .0 15.0 5.6 .0 - .0 .8 .0 .0 29.8 
27 .0 .0 . 0 .8 .0 1.0 ........... 5.0. 3.4 .0 .0 56.7 
28 .0 4.8 .0 .0 .0 .0 8.0 .0 .9 .7 .0 20.7 
29 8.9 2.8 20.5 .0 .2 1.9 .0 .0 .0 .0 4.8 .0 
30 28.4. . 0 .0 19.5 • .0 .0 .0 .0 .2 15.5 3.9 
31 15.4 .0 5.3 .0 .0 .0 1.3 
~ - ~ ~ ~ ~ ~ =-==-- ======- ==-=- - - ~ L 76.9 149.8 222.3 88.7 **"*** 88.2 ............ 16.8 91.5 163.3 215.3 444.2 
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TABLE VI Daily precipitation (in mm) by calendar year 1964 for Mesochora 
station. 

day January February March April May June July August Septatt>er October HoveniJer 
1 .0 .0 20.7 .0 4.3 .0 5.3 .0 .0 .0 .0 
2 .0 .0 9.6 .0 . 0 .. 0 3.3 8.5 • 5.8 .0 .4 
3 30.0 .0 .0 .0 .0 .0 .0 .0 44.0. .0 19.2 
4 .0 .0 3.6 .0 .0 .0 2.4 1.7 .0 .0 ****** 
5 8.0 .0 .0 24.3 • .0 .0 .0 .0 .0 .0 .0 
6 3.6 .0 .0 .0 .0 .0 1.6 .0 .0 .0 ****** 
7 1.8 .0 .0 .7 .0 10.2 .0 .0 .0 ......- .6 
8 .0 5.0 .0 3.2 .0 9.8 .0 .0 .0 ......... .1 
9 .0 . 0 10.5 2.7 .0 9.9 .2 1.8 .0 ......... ****** 

10 .0 .0 .0 .0 .0 3.1 .0 1.1 .0 ......... ---11 .0 . 0 1.1 .0 .0 .6 .0 7.3 .0 .......... .0 
12 .0 .0 2.2 1.0 2.5 .8 .8 .0 .0 .......... ****** 
13· .0 1.4 6.3 .0 .0 8.9 1.2 .0 .0 -- .3 
14 .0 .0 --- .0 .0 1.6 .0 .0 .0 - .0 
IS .0 . 6 .0 .0 .0 12.0. .0 .0 .0 .......... .0 
16 .0 19.5 .0 .0 7.3 .0 .0 .0 .0 -- .0 
17 .0 .5 14.5 .0 19.3 • .3 .0 .0 .0 ..- .0 
18 .0 5.6 .0 .0 .0 9.7 16.6 .0 .0 ****** .0 
19 .0 9.8 .0 2.8 .0 .0 .0 .0 .0 ****** .0 
20 .0 80.0. .0 .0 .0 1.2 .0 .0 .0 .......... .0 
21 .0 35.0 22.8. .0 .0 .0 .0 .0 .0 ......... .0 
22 .0 .8 1.5 .0 .0 1.8 .0 .0 ........- .......... .0 
23 .0 2.5 .6 .0 2.2 .3 . 8 .0 4.0 .......... .0 
24 . 0 .0 .0 .0 7.3 1.4 1.2 .0 .0 ......... .0 
25 .0 .0 12.4 .0 .4 .0 4.0 .0 .8 --- .0 
26 .0 .0 .0 19.5 8.3 .0 18.0. .4 .5 --- .0 

·27 .0 3.4 .0 1.8 .0 .0 .0 .0 .6 ****** .0 
28 .0 . 0 6.0 .0 .0 .0 14.2 .0 .4 .......... .0 
29 .0 3.5 --- .0 .0 .0 .0 .0 .0 .......... 7.8 
30 40.0. 2.0 .0 11.6 .0 . 0 .0 .0 ..- 20.4 • 
31 14.8 1.5 .0 .0 .0 ---~ --- ~ ~ ~ - ~ ~ - - ~ l: 98.2 167.6 --- 56.0 63.2 71.6 69.6 20.8 .- -- ......... 

OeceniJer 
94.2. 
52.7 
16.6 
41.1 
50.5 
6.8 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
.0 
.0 
.0 

7.8 
.3 
.0 

55.3 
9.4 

27.3 
.0 
.9 

1.4 
7.8 

63.2 
22.7 

.0 
6.7 
1.6 -476.3 

TABLE VII Daily precipitation (in mm) by calendar year 1964 for Vathyrema 
station 

day January February March April May June July August SepteniJer I October HoveniJer lJeceniJer 

1 .0 .0 20.1 22.1 .0 .0 3.2 .0 .0 .0 15.3 12.4 
2 .0 .0 .0 .0 . 0 .0 .0 11.3 • .0 .0 28.4 30.3 
3 6.2 .0 .0 .0 .0 .0 .0 2.1 34.2 2.4 . 0 40.5 • 
4 33.4 .0 .0 .0 .0 .0 .0 .0 .0 8.2 5.2 10.3 
5 7.3 .0 4.2 41.2 • .0 .0 .0 .0 .0 .0 .0 9.1 
6 .0 .0 12.4 20.1 .0 .0 .0 .0 .0 10.3 16.3 .0 
7 .0 9.4 46.2 • 3.2 .0 .0 .0 .0 .0 2.1 36.4. .0 
8 .0 6.3 9.3 4.1 .0 13.8 .0 .0 .0 3.2 .0 .0 
9 .0 .0 5.4 .0 .0 10.5 .0 .0 .0 4.1 .4 .0 

10 .0 . 0 .0 .0 .0 .0 .0 .0 .0 47.4 • 24.2 .0 
11 .0 2.4 .0 .0 .0 6.4 .0 6.2 .0 .0 20.4 .0 
12 .0 .0 .0 1.3 8.1 .0 .0 .0 .0 .0 .0 .0 
13 .0 .0 14.1 .0 .0 .0 4.3 .0 .0 3.2 30.2 .0 
14 .0 .0 16.3 .0 .0 .0 .0 .0 .0 .0 13.4 .0 
15 .0 9.3 .0 .0 .0 14.6. .0 .0 .0 .0 .0 6.2 
16 .0 4.4 40.0 .0 9.2 .0 .0 .0 .0 2.1 .0 .0 
17 .0 16.4 14.4 .0 44.0. .0 .0 .0 2.4 .0 .0 .0 
18 .0 5.2 .0 .0 5.2 .0 13.2 .0 .0 .0 .0 .0 
19 .0 26.3 .0 4.8 2.4 .0 .0 .0 .0 22.4 5.1 .0 
20 .0 70.4. .0 .0 .0 .0 .0 .0 .0 10.2 .0 8.4 
21 .0 33.2 .0 .0 .0 .0 .0 .0 .0 21.4 .0 .0 
22 .0 5.2 .0 .0 .0 .0 .0 .0 77.4. 37.1 4.3 .0 
23 .0 4.0 16.3 .0 3.1 .0 .0 .0 2.4 15.2 .0 .0 
24 .0 .0 6.4 .0 6.3 10.2 .0 .0 .0 .0 .0 .0 
25 .0 .0 .0 .0 .0 1.3 6.2 .0 .0 .0 .0 .0 
26 .0 5.4 .0 24.6 .0 2.5 .0 5.2 5.S .0 .0 38.4 
27 .0 .0 .0 .0 .0 .0 .0 .0 3.3 .0 .0 6.3 
28 .0 .0 . 0 .0 .0 .0 33.2 • .0 .0 4.2 .0 .0 
29 8.2 .0 13.2 .0 .0 .0 .0 .0 .0 11.4 11.4 .0 
30 35.4. .0 .0 29.2 3.1 .0 .0 .0 14.2 16.2 4.1 
31 8.2 .0 .0 .0 .0 4.4 .0 

r "98.7 197.9 - =-lo7.'5 - "'"'6o'T" - l2s'T" 2i3.5 - "'i66T 218.3 121.4 62.4 24.8 227.2 
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TABLE VIII Possible stations weights and corrective factors 

N0 Stat ion 'I S TAT ION \I E I G H T S II linear. 
amyaX)l- i!ASPROPOTAMI XATAFYTO ! PERTOtA.I' Vf¥AAI lMESCXIDlA IVATHYRElIA Igg.,'ffjg~.iii~ 

regress len 1 ine 

y=ox+b 
IR JOAY(IR.~Jill/r(IR.l) I \/T(Ja.2) I \/T(IR.J) : \/T(IR.4) I \/TOR.5) ! \/T(IR.6) Rxy 

" I I \ • I 
a I b 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1

16 
17 
18 
19 
20 

000001: .00000 .OOOOO! .00000 .00000 I .00000 1.00000 
000010' .00000 .00000 I .00000 .00000 1. 00000 . 00000 
000011 i .00000 .00000 .00000 I .00000 .78272 .21728 
000100 I .00000 .00000 .00000 1.00000 .00000 .00000 I 
ooo101! .00000 .00000 1 .00000 .65814 .00000 .13086 
000110 ',' .00000 .00000 .00000 .71852 .28148 .00000 
000111 .00000 .00000 .00000 .59012 .28148 .12840 -.46868 
001000 I. .00000 .00000: 1.00000 .00000 .00000 .00000 
001001 .00000 .00000 I .68148 .00000 .00000 .31852 
001010:. .00000 .00000 .36049 .00000 .63951 .00000 -.65871 
001011 .00000 .00000 I .33086 .00000 .55802 .1ll11 
001100 i .00000 . 00000 I .26173 .73827 . 00000 .00000 
001101 .00000 .00000 .251851 .65432 .00000 .09383 -.96301 
001110 .00000 .00000 .26173 .45679 .28148 .00000 -.63792 
001111 .00000 .00000 I .25185 .37531 .28148 .09136 -.67871 
010000 .00000 1.00000 I .00000 .00000 .00000 .00000 
010001 .00000 .63704 .00000 .00000 .00000 .36296 

-.45174 

-.89607 

-1.87020 
-.55030 
-.79624 

I 
2305.00 

2678.43 

3794.88 
2270.88 
2594.10 

010010 .00000 .52099 .00000 .00000 .47901 .00000 
010011 .00000 I .52099 .00000 .00000 .26173 .21728 - .42985 -1. 32172 2966.69 
010100 .00000 I .51358 .00000 .48642 .00000 I .00000 
010101 .00000 .51358 .00000 .35556 I .00000 .130861 -.32648 -.85682 2616.08 
010110 .00000 .50370 .00000' .37284, .12346 .00000 -.35020 -.37971 2036.07 
010111 .00000 .50370 .00000 .24444 I .12346 .12840 -.34448 -.58433 2328.12 
011000 .00000 .61975 .38025 .00000 I .00000 .00000 
011001 .00000 .59753 .19753 .00000 .00000 .20494 -.56633 -1.51198 3233.63 

'1 Correct ive 
factor 

I ), I 
1.32162 
1.41742 
1.39660 
1.16423 
1.18463 
1.23550 
1.25570 
1.15739 
1.20970 
1.32368 
1.32074 
1.16244 
1.17727 
1.23371 
1.24815 
1.28056 
1.29546 
1.34611 
1.32530 
1.22397 
1.24457 
1.25408 
1.27429 
1.23372 
1.26464 
1. 29715 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

011010 .00000 .49877 .20000 .00000 .30123 .00000 -.72111 -.76580 I 2362.46 
011011 .00000 .49877 .17037 .00000 .21975 .11111 -.55394 -.99251 2681.26 
011100 .00000 .50123 .15062 .346151 .00000 .00000 1I_"" . .r,.:77'l!543?:!-+-!-I""0;f,39~89H-.;i43;;2l;'.~79;-; 
011101 .00000 .50123 I .14074 .26420 .00000 .09363 -.45216 -1.01906' 2770.28 
011110 .00000 I .49136 1 .15062 .23457\ .12346 .00000 -.45233 -.43876 2086.24 

1.29421 
1.22151 
1.23634 
1.25162 

011111 .00000 .49136 .14074 .15309 .12346 .09136 -.48144 -.73232 2456.95 
100000 1. 00000 .00000 .00000 .00000 .00000 .00000 
100001 .62222 .00000 .00000 .00000 .00000 .37778 
100010 .52593 .00000 .00000 .00000 .47407 .00000 
100011 .51111 .00000 .00000 .00000 .27407 .21481 -.73461 
100100 .49630 .00000 .00000 .50370 .00000 .00000 
100101 .49630 .00000 .00000 I .37284 .00000 .13086 
100110 .49136\ .00000 .00000 .35556 II .15309 1 .00000 
100111 .49136· .00000 .00000 .22716 .15309 .12840 
101000 .64444 .00000 .35556 .00000 .00000 1 .00000 
101001 .59012 .00000 .16790 .00000 .00000 .24198 
101010 .49136 .00000 .17531 .00000 .333331 .00000 
101011 .49136 .00000 .14568 .00000 .25185 .11111 
101100 .49363 .00000 .13086 .37531 .00000 .00000 
101101 .49363 .00000 .12099 .29136 .00000 .09363 
10UlO .48889 .00000 .13086 .22716 .15309 .00000 
101111 .48889 .00000 .12099 .14566 .15309 .09136 
110000 .54815 .45185 .00000 .00000 .00000 .00000 
110001 .24444 .41481 .00000 .00000 .00000 .34074 
110010 .23457 .32593 .00000 .00000 .43951 .00000 
110011 .21975 .32593 .00000 .00000 .23951 .21481 
110100 .20000 .33333 .00000 .46667 .00000 .00000 
110101 .20000 .33333 .00000 .33580 .00000 .13086 
110110 .20000 .32346 .00000 .35309 .12346 .00000 
llOm .20000 .32346 .00000 .22469 .12346 .12840 
mooo .21235 .43704 .35062 .00000 .00000 .00000 
mool .21235 .41481 .16790 .00000 .00000 .20494 
111010 .20000 .32593 .17531 .00000 .29877 .00000 
111011 .20000 .32593 .14568 .00000 .21728 .1ll11 
111100 .19753 .33333 .13086 .33827 .00000 .00000 
Illl01 .19753 .33333 .12099 .25432 .00000 .09383 
11UlO .19753 .32346 .13086 .22469 .12346 .00000 
111111 .19753 .32346 .12099 .14321 .12346 .09136 

-.38555 
-.38031 
-.43369 

-.50923 
-.53427 
-.54701 

.95682 
-.34238 
-.30596 
-.42220 

-.99269 
-.94682 
-.74510 

.44910 
-.31791 
-.37536 
-.42703 

.29845 
-.45352 
-.53294 
-.54009 

.51220 
-.25663 
-.28516 
-.39437 

-3.16104 

-1.88073 
-.93595 

-1.28754 

-2.33722 
-1.21284 
-1.58494 
6.20159 

-1.40927 
-.66568 

-1.08259 

-8.43171 
-2.94524 
-3.13637 
1.98959 

-1.49435 
-.92587 

-1.29767 
1.02648 

-1.98973 
-1.20825 
-1.58885 

1.91955 
-.98574 
-.61555 

-1.02746 

4524.31 

3541.68 
2438.20 
2904.54 

3970.65 
2663.72 
3158.29 

-5531.83 
3086.20 
2209.34 
2726.12 

9787.02 
4177 .31 
4506.43 
-731.33 
3082.75 
2409.73 
2875.27 
232.57 

3555.32 
2652.13 
3130.50 
-660.50 
2589.02 
2136.01 
2634.26 

The values of corrective factor A correspond to a = 1.04 for the stations caminations (availability). 
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1.26606 
1.23266 
1.26626 
1.32025 
1.30240 
1.19819 
1.21879 
1.23661 
1.25662 
1.20589 
1.24155 
1.28105 
1.27811 
1.19713 
1.21196 
1.23555 
1.24999 
1.25430 
1.28284 
1.32947 
1.31163 
1.21689 
1.23729 
1.24660 
1.26701 
1.22720 
1.25812 
1.29027 
1.28733 
1.21563 
1.23048 
1.24574 
1.26018 



TABLE IX Average Precipitation (in mm) by calendar year 1964 
for the Catchment without an Elevation Correction 

day January February March April May June July August Septemer 
1 .00 2.59 11.63 5.07 .53 .00 1.65 3.08 .00 
2 .24 .00 4.11 .00 .60 . 00 .41 7.46 • 2.96 
3 6.80 .00 .00 .00 .00 .00 .00 .19 20.44 
4 20.94 • .00 .69 7.93 .00 .00 .30 .85 4.75 
5 5.91 .00 10.65 26.98 • .00 .00 .00 .00 .00 
6 .44 .48 1.61 3.95 .00 .00 .20 .00 .00 
7 .47 1.10 14.04 5.65 .00 2.95 .00 .00 .00 
8 .00 1.19 10.18 4.18 .00 11.69 .00 2.57 .00 
9 .00 .00 7.60 2.19 .00 4.78 1.01 3.77 .00 

10 .00 .00 8.63 .00 . 00 5.29 .00 5.54 .00 
11 .00 .22 .14 .00 .00 3.09 .00 3.78 .00 
12 .00 .00 .27 .71 5.88 4.01 .28 4.85 .00 
13 .00 .40 2.07 .00 .00 2.23 .84 .00 .00 
14 .00 .00 ' 15.35 .00 .00 2.81 .00 .00 .00 
15 .00 .92 1.66 .00 .00 8.87 .00 .00 .00 
16 .00 7.26 25.83 • .00 4.96 .00 .59 .00 .00 
17 .00 2.54 9.70 2.48 26.81 • .40 2.67 .00 .22 
18 .00 6.00 .00 .40 5.39 2.91 15.14. .00 .00 
19 .00 13.60 .00 5.26 .61 .00 .00 .00 .00 
20 .00 50.24. .00 5.98 .00 .25 .00 .00 .00 
21 .00 20.77 2.81 .00 .11 .00 .00 .00 .00 
22 .00 4.34 1.92 .00 .67 . 34 .00 .00 25.42 • 
23 .00 1.58 6.22 .00 2.57 .04 .10 .00 12.68 
24 .00 .00 .93 .00 3.47 15.18. 3.29 .00 .00 
25 .00 .00 1.60 .00 1.36 7.39 1.56 .00 .81 
26 .00 .49 .00 8.98 3.68 1.03 5.51 .52 1.19 
27 .00 1.39 .00 1.61 .00 .69 .34 1.27 1.27 
28 1.21 .69 .74 .63 .00 .79 6.50 .00 .98 
29 5.17 2.19 12.02 .00 1.10 .27 .00 .00 .00 
30 16.93 .25 .00 18.45 1.11 .00 .00 .00 
31 19.01 .19 1.66 ~ .......s2.. r "'"7i"i'l "'iiB:OO 151.02 ""8U7 77.'84 76.10 40.38 33.88 ""'70':69 

TABLE X Average Precipitation (in mm) by calendar year 1964 
for the Catchment with an Elevation Correction 

day January February March April May June July August Septemer 
1 .00 3.26 14.65 6.38 .67 .00 2.07 3.88 .00 
2 .30 .00 5.18 .00 .76 . 00 .51 9.40 • 3.73 
3 8.57 .00 .00 .00 .00 .00 .00 .24 25.76 
4 26.38 • .00 .87 9.99 .00 .00 .37 1.08 5.98 
5 7.44 .00 13.42 34.00 • .00 .00 .00 .00 .00 
6 .56 .61 2.02 4.98 .00 .00 .25 .00 .00 
7 .59 1.39 17.70 7.12 .00 3.71 .00 .00 .00 
8 .00 LSO 12.83 5.27 .00 14.73 .00 3.24 .00 
9 .00 .00 9.57 2.76 .00 6.02 1.27 4.75 .00 

10 .00 .00 10.87 .00 .00 6.67 .00 6.98 .00 
11 .00 .28 .17 .00 .00 3.90 .00 4.76 .00 
12 .00 .00 .34 .89 7.41 5.05 .36 6.11 .00 
13 .00 .51 2.60 .00 .00 2.81 1.06 .00 .00 
14 .00 .00 18.89 .00 .00 3.54 .00 .00 .00 
15 .00 1.16 2.35 .00 .00 11.17 .00 .00 .00 
16 .00 9.15 32.54 • .00 6.24 .00 .75 .00 .00 
17 • 00 3.20 12.23 3.12 34.51 • .50 3.36 .00 .28 
18 .00 7.57 .00 . 50 6.94 3.67 19.08 • .00 .00 
19 .00 17.13 .00 6.63 .76 .00 .00 .00 .00 
20 .00 63.31 • .00 7.54 .00 .31 .00 .00 .00 
21 .00 26.18 3.55 .00 .14 .00 .00 .00 .00 
22 .00 5.47 2.42 .00 .85 .42 .00 .00 31.28 • 
23 .00 1.99 7.84 .00 3.23 .05 .12 .00 15.96 
24 .00 .00 1.17 .00 4.38 19.13. 4.14 .00 .00 
25 .00 .00 2.02 .00 1.71 9.31 2.01 .00 1.02 
26 .00 .62 .00 11.31 4.64 1.30 7.10 .66 1.50 
27 .00 1.75 .00 2.03 .00 .87 .43 1.60 1.61 
28 1.52 .87 .93 .80 .00 1.00 8.19 .00 1.23 
29 6.51 2.76 14.79 .00 1.38 .34 .00 .00 .00 
30 21.33 .31 .00 23.25 1.40 .00 .00 .00 
31 23.96 .23 2.10 .00 .....-2L r ""97.'i8 =wrn le9.'S7i" 'i'Q3'To"" ""'9'8.97 ~ - 88.33 95.89 51.08 42.70 
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October Novmiler Decentler 
.00 1.40 66.67 • 
.00 7.23 40.71 
.22 9.58 13.01 
.75 6.42 21.52 
.00 .83 31.12 

7.29 51.55 • 5.48 
1.38 16.43 .62 
1.70 .23 .00 

29.63 .04 .00 
32.98 • 22.37 .00 

.00 29.33 .00 

.00 11.07 .00 

.30 21.22 .00 
1.48 1.22 .00 
6.84 .00 .57 

.20 .00 .00 

.00 .00 1.68 
1.53 .00 .08 

14.15 .71 .00 
8.61 1.14 31.78 

16.38 .00 12.24 
5.18 .39 14.05 
8.37 .11 .00 

.00 .00 .24 

.00 .00 .72 

.00 .00 14.88 

.00 .00 23.77 

.57 .00 7.51 
2.21 2.69 .00 
1.38 26.83 2.14 

.41 .43 

l4i':35 2'iQ.'78 289.21 

October Novmiler Decemer 
. 00 1.76 84.02 • 
.00 9.11 51.30 
.28 12.07 16.39 
.94 7.91 27.12 
.00 1.05 39.22 

9.18 63.43 • 6.90 
1.70 20.70 .78 
2.09 .29 .00 

36.46 .OS .00 
40.58 • 27.52 .00 

.00 36.96 .00 

.00 13.62 .00 

.37 26.75 .00 
1.82 1.54 .00 
8.17 .00 .71 

.24 .00' .00 

.00 .00 2.12 
1.88 .00 .10 

17.41 .89 .00 
10.59 1.43 40. OS 
20.15 .00 15.42 
6.38 .50 17.70 

10.29 .14 .00 
.00 .00 .30 
.00 .00 .91 
.00 .00 18.75 
.00 .00 29.72 
.70 .00 9.38 

2.72 3.39 .00 
1.70 33.81 2.67 

.51 .54 
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rate with elevation is the slope a of the line and it has the value 1.04. 
Finally, we computed the corrected elevation daily catchment precipitation 

for the calendar year 1964 (Table X), by multipling the corresponding daily 
catchment precipitation without correction (Table IX) by the actual value of 
the corrective factor A, taken from the matrix of the possible factors (Table 
VIII) with criterion the station availability condition. By summing up the 
corrected daily and monthly catchment precipitation respectively we obtain the 
corrected monthly and annual ones (Table XI). The same Table describes the 
monthly and annual station precipitation, and the monthly and annual catchment 
precipitation without correction (the numbers in parenthesis). 

TABLE XI Stations and catchment monthly precipitation (in mm) by calender 
year 1964 

Stations January February March April May June July August SeotBTll I October Novamer Oecmi:>er Annual 
ASPROPOT 3.00 76.00 76.00 81.20 53.00 68.80 16.50 47.50 25.60 85.20 213.60 125.00 871.40 
KATAFYTO 105.00 91.90 136.20 82.20 67.80 75.80 30.20 38.70 59.90 138.50 235.80 ......- --
PERTOllI !\S.OO 107.80 182.80 71.40 132.40 89.40 52.40 39.20 82.60 139.60 210.20 342.70 1536.50 
Vf«N!1 76.90 149.80 222.30 88.70 ......... 88.20 

........,. 
16.80 91.50 163.30 215.30 444.20 

........,.,. 
MESOCHlIA 98.20 167.60 - 56.00 63.20 71.60 69.60 20.80 -- ......... -- 476.30 ..........,.; 

VATHYREWI 98.70 197.90 218.30 121.40 107.50 62.40 60.10 24.80 125.20 223.50 227.20 168.00 1633.00 
~ - - - - - - ~ - - - - ~ -ME50Ct0lA (77.11) (118.00) (151.02) (81.97) (77.84) (76.10) (40.38) (33.88) (70.69) (141.35) (210.78) (289.21) (1368.35) 
Catcnrent 97.18 148.71 189.50 103.30 98.97 95.89 51.08 42.70 88.33 174.18 262.90 384.11 1716.86 

Also, it is to be noted that in this work, we have been restricted to an 
initial estimate of the corrective factor A, and we did not proceed to factor 
refinements through the trial and error approach. 

5. Conclusions 

A technique that estimates the daily catchment precipitation from records 
with missing data has been presented. From the existing data, we corrected the 
catchment precipitation for elevation variation. 

Although by this manner, maximum daily preCipitation, if any, may be lost 
we would rather not fill the missing data with any technique, precisely in 
order to preserve the real val ue of the data, as we are required to by the 
deterministic conceptual models. On the other hand, the existence of a dense 
network of stations can cover this event. 

The proposed method can be developed only by using computers (or micro
computers) in determining the weights for all the possible stations combina
tions, in order to average the precipitation over the catchment area and 
evaluate the weigthed mean elevation of the stations. Also, we must look for a 
linear correlation between station elevation and precipitation for various 
station combinations, so as to determine the best possible correlation. 

Since the developed method can compute the weights for all possible 
stations combinations, it can also handle successfully any change in the gauge 
network, that was the greatest limitation of the Thiessen method (Linsley, 
Kohler and Paulhus 1988) 

With this technique, in other work (Panagoulia 1990), there was estimated 
the daily precipitation of the Mesochora catchment in Central Greece, which 
was used as input to Snow Accumulation and Ablation model and in turn to the 
Soil Moisture Accounting model of NWSRFS. 

The simulated catchment runoff (with the above referred models and 
catchment precipi tati on method) was very close to the observed di scharge of 
Acheloos river at the outfall of Mesochora catchment. Especially, the 
estimated standard error of monthly runoff was less by about 40-45% than the 
corresponding one in other catchments in California (USA), when the same 
hydrological modeling was used, yet with different t~chniques of daily 
catchment preCipitation estimation (Lettenmaier 1989). 

100 



6. References 

Hutchinson, P., & Walley, W.T., March 1972. 'Calculation of areal rainfall 
using fini te element technique with altitudinal corrections', Hydrol. Sci. 
Bull. 17, 259-272. 
lettenmaier, D., 1989, Personal Communication with the author. 
linsley,R.K., Kohler,Max.A., & Paulhus, J.l.H., 1982,1988, Hydrology for 
Engineers, McGraw Hill, N. Y, 71-74. 
Panagoulia~ D., 1990, 'Conceptual Simulation of Mesochora Catchment by 
Sacramento Model of NWSRFS'. It is approved for publ ication in Technika 
Chronika, Scientific Journal of the Technical Chamber of Greece. 
Ramaseshan, S., & Amant, R.S., 1977. 'A parametric approach to station 
we·ights' J. of Hydrology, 35,325-340. 
Shaw,E.M., and lynn, 1972. 'Areal rainfall evaluation using two surface fit
ting techniques' Hydrol.Sci .Bull., 17, April, 419-433. 
Shaw, E.M., 1984, Hydrology in Practice, Van Nostrand Reinhold, UK, 361-365. 
Spiegel, M.R., 1974, Binary Numbers, Advanced Calculus, McGraw-Hill, N.Y., 14-
15. 
U.S.National Weather Service River Forecast System, 1972. Forecast Procedures, 
NOAA Tech.Memo. NWS HYDRO 14, 3.1-3.14. 
Word Meteorological Organization, 1977. 'The computation of dailY catchment 
and lake rainfalls'. Manual for Hydrologic Model of the Upper Nile Basin, 
Genewa, 90 -104. 
Xanthopoulos, Th, S., 1984. Introduction to Technical Hydrology, NTU, Athens. 

101 



Tsakiris, G. (ed.) 90 6191 1842 
Advances in water resources technology - Proceedings of the 

. European conference Advances in Water Resources Technology, 
Athens, 2-23 March 1991 
1991,25 em, 698 pp., Hfl.135/$75.00/£43 
The 70 papers included in this volume were carefully selected and 
assess the current state-of-the-art in the following subjects: Sur
face water; groundwater; water resources conservation; water qu
ality and re-use; computer modelling and simulation; real time 
control of water resources systems; institutions and methods for 
technology transfer (future developments in water resources tech
nology and management in Europe and the world). In the latter 
papers research institutions, universities and companies involved 
in water resources technology are widely represented. 

FROM THE SAME PUBLISHER: 

Ali, Mohammed, G. E. Radosevich & A.A. Khan (eds.) 
Water resources policy for Asia - Proceedings of the regional 
symposium on water resources policy in agro-socio-economic 
development, Dhaka, Bangladesh, 4-5 August 1985 
1987,23 em, 640 pp., Hfl.185/$I00.00 / £58 9061916844 
Problem setting (regional considerations, country reports, concen
trating on Bangladesh); Substative alternatives in water policy & 
law (national & transnational legal systems); Planning & imple
mentation processes (Planning considerations, transnational 
planning efforts, national water resources). 

Wunderlich, WalterO. & J. Egbert Prins (eds.) 906191695 X 
Water for the future: Water resources development in 
perspective - Proceedings of the international symposium on 
water for the future, Rome, 6 -11 April 1987 
(Published for the International Association of Hydraulic Re
search) 
1987,25 em, 717 pp., Hfi.165/$9O.00/£52 
History; Urban & rural water law, policies & institutions; Manag
ing existing water resource systems; Future challenges; Ground
water developments; Alternative water developments. 

Garbrecht, GUnther (ed.) 90 6191 621 6 
Hydraulics and hydraulic research: A historical review 
International Association for Hydraulic Research 1935 -1985 
(Jubilee volume published for the International Association for 
Hydraulic Research) 
1987,28 em, 377 pp., Hfl.165/ $90.00 / £52 
One of the very few books on the history of hydrology. hydraulics 
and water utilization. 32 authors from 16 different countries give a 
comprehensive portrait of hydraulics and hydraulic research. 33 
contributions with 114 photos. Editor: Braunschweig Technical 
University, FR Germany. 

Kobus, H.E. & W.Kinzelbach 90 61918790 
Contaminant transport in groundwater - Proceedings of an 
international symposium, Stuttgart, 4-6 April 1989 
1989,25 em, 500 pp., Hfi.165/ $90.00 / £52 
Field methods & data processing; Field studies & tracer exper
iments; Contaminant chemistry & column experiments; Model
ling of chemistry coupled to transport; Dispersion theory & trans
port in fractures media; Numerical aspects of modelling, parame
ter identification, & optimization; Multiphase flow & transport in 
unsaturated soil; Various methods & applications. 

Knauss, J. (coordinator-editor) 90 61916437 
Swirling flow at intakes 
(Hydraulic structures design manual, I) 
(Published for International Association for Hydraulic Research) 
1987,25 cm, 168 pp., Hfl.95/ $50.00 / £30 
Fundamentals of vortex intake How; Results of theoretical & ex
perimental work; Predicition of critical submergence; Modelling 
of vortices & swirling Hows; Design recommendations; Intake 
structures; Pump sumps; Vortex-flow intakes. 

Breusers, H.N.C. &A.J.Raudkivi 9061919835 
Scouring 
(Hydraulic structures design manual, 2) 
1991,25 cm,c.190 pp., Hfl.95/$50.oo/£30 
Scouring occurs naturally as part of the morpholoc changes of 
rivers & as the result of man-made structures. The developmentof 
river valleys reveals such activity through millenia,long before 
man's efforts had any appreciable impact on them. In recent times, 
the addition of many types of structures has greatly altered river 
regimes, & significant impacts on the transport & deposition of 
sediment have resulted. Most structures increase these processes, 
at least locally &. often to the detriment of the river regimes. The 
designer must therefore seek to understand the scouring process & 
to study the consequences of a given structure & its effect on the 
larger processes of river morphology. Topics: Basic concepts of 
soil erosion & sediment transport; Scour in rivers & river constric
tions; Scour around spur dikes & abutments; Scour at bridge piers; 
Scour by jets, at high-head structures & culvert outlets; Scour 
below low-head structures. 

Naudascher, Eduard 90 61919932 
Hydrodynamic forces 
(Hydraulic structures design manual. 3) 
1991,25 cm, 296 pp., Hfl.125/$70.oo/£39 
Thoroughly tested methods of prediction are presented on the 
forces induced by flows past a variety of structures. Special atten
tion is given to the mean hydrodynamic forces and the How asso
ciated with high-head gates and low-head gates. The text also 
discusses valves, miter gates, stilling-basin slabs and baffles, sub
merged bridges, cylindrical structures including trashracks and 
pipelines on river beds, etc. The material presented provides gui
dance as to the effect of such major factors as boundary geometry, 
approach flows, cavitation, aeration~ and structural movements. 

Wood,I.R.(ed.) 9061919940 
Air entrainment in free-surface flow 
Hydraulic structures design manual. 4) 
1991,25 em,c.l60pp., Hfl.95/$50.oo/£30 
Introduction to air-water flows; LocaI surface aeration at hydraulic 
structures; Free surface entrainment on spillways; Aerators on 
spillways; Prototype aerator measurements. 

Handa,O.P' 
Water well technology 
1989,25 em, 316 pp., Hfl.65/$36.oo/£20 

906191 969 X 
(No rights India) 

Water well technology has been systematically examined from a 
number of angles. Dri1Iing techniques; Coring drilling technology; 
Problem of gas in water wells; Water well casings &screeris; 
Water lifting devices; Cavety well; Maintenance of drilling equip
ment & safety precautions; Well failures; Cementing of wells; 
Water quality testing procedures; Economics of drilling wells; 
Case histories. 

All books available from your bookseller or directly from the publisher: , 
AABaikema Publishers, P.O.Box 1675, Rotterdam, Netherlands 

For USA & Canada: AABaikema Publishers, Old Post Rd, Brookfield, VT, USA 




