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SumMaRY

THis manuscript presents the study of outflow characteristics affected by properties
of namral lakes when inflows are log-normally distributed. The general differential
equaton for water storage, based on the continuity =quation, is adapted to this case,
with mroperties of inflows and lakes given. Lake properties are described by the storage
capacty function and by the outflow rating curve function. Independent inflows are
descrised by the log-normal distribution function with two parameters: the mean
and the standard deviation of logarithms. Sequential mathematical models are derived
for ottflows by integrating the differential equation under the assumption that the
average inflow of a natural lake is equal to the average outflow. Data of inflows
generzted on a CDC 3600 computer consisted of 10,000 independent standard normal
numb s, with mean zero and variance unity. These numbers were then transformed
to a lcg-normal distribution with various values of standard deviation of logarithms, /..

Th= seven parameters in the mathematical model were reduced to three parameters
which were used in generating the outflow sequences. These three parameters were:
(1) Iy, the index of variability of inflows (2) n, the ratio between the powers for storage
functisn and the outflow rating function; and (3) d, a lumped dimensionless parameter
descristive of inflow, lake properties and time interval, A, used for the finite difference
integrition of differential equation.

Ttz digital computer produced the independent log-normal numbers, solutions of
outflow generating equations, parameters of the outflow distribution, and the first
ten serial correlation coefficients of outflow series. Two hundred and ten outflow
sequerces were generated. They represented the following combinations: (1) five values
of Iy Iy = 0.15, 0.25, 0.40, 0.60, 0.90); (2) seven values of n (n=1/3, 1/2, 3/4, 1,
3/2, 2 3); and (3) six values of d (d = 0.3, 1.0, 3.9, 10.0, 30.0, 100.0). The values
obtaired for the variance, skewness coefficient, excess coefficient of outflow distribution
and fcr the first ten serial correlation coefficients are presented in graphs showing their
relaticnship with the parameters 7y, # and 4. Whenever feasible, the equations are
given “or the parameters of lake outflows as functions of Iy, n and d.

REsun &

Les ef'ets des lacs sur les caractéristiques des débits effluents

Le sujet de cet article est I’étude des caractéristiques des débits effluents en tant
qu’ils sont influencés par les propriétés des lacs naturels eux-mémes. Les apports dans
un lac sont supposés étre distribués par la loi de probabilité logarithmique normale.
L’équution différentielle générale pour la régularisation des débits par les lacs naturels,
basée :ur I’équation de continuité, est adoptée pour le cas ou les propriétés des apports
et des lacs sont connues. Les propriétés des lacs sont décrites par les fonctions de la
capacté et de la courbe des débits, qui dépendent du niveau de ’eau. Les débits
affluerts sont décrits par la loi de probabilité lozarithmique normale avec deux
param2tres : la moyenne et l'écart type du logarithme des débits, Iy. Les séquences
des débits effluents ont été obtenues par Vintégration de I’équation différentielle en
suppo-ant que la moyenne des débits efluents d’un lac natural est égale 2 la moyenne
des apoorts donnés. Les apports obtenus par la méthode Monte Carlo sur la calculatrice
CDC 3600 consistaient en un échantillon de 10000 nombres indépendants distribués
d’aprs la loi de Gauss standardisée, dont la moyente est zéro et [’écart type est égal
a un. Zes nombres ont été ensuite transformés de telle maniére que leur distribution
suive a loi de probabilité logarithmique normale.

* The research activities, with the results shown in this paper, were sponsored by
the U.3. National Science Foundation. The computer time was granted by the National
Center for Atmospheric Research, Boulder, Colorado.
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Les sept paramétres qui entrent dans le modele mruthématique se réduisent 2 trois
parametres. Ils sont employés pour créer des séquences ¢ e débits effluents per la méthode
de Monte Carlo. Ces trois paramétres sont : (1) I, I'index de variabilité des apports;
(2) n, le rapport de la puissance de la fonction de cagicité a celle de la fonction de la
courbe des débits; et (3) 4, un paramétre qui est la :ombinaison des p-opriétés des
apports, du lac, et de lintervalle du temps, 4¢, utili=f pour Iintégration numérique
de I’équation différentielle. .

La calculatrice a été utilisée pour obtenir les nomr sres indépendants, les solutions
de I'équation des débits effluents, calculer les parar=tres de distribution et les dix
premiers coefficients d’autocorré ation des débits effr=nts.

Deux cents dix séquences des débits effluents ont :té obtenues par ce calcul pour
les combinaisons suivantes des parametres : (1) cing valeurs de Iy (0,15; 0,25; 0,40;
0,60; 0,90); (2) sept valzurs de » (1/3, 1/2, 3/4, 1, 3/2, 2, 3); et (3) six valeurs de o
0,3: 1,0; 3,0; 10,0; 30,0; 100,0).

Les résultats sont donnés sous forme d’abaques du c: rré de ’écart type ,du coefficient
d’asymétrie, du coefficient d’aplatissement, des coefficients d'autocorrélation des
débits effluents tous en fonction des paramétres Iy, n et 4. En quelques cas, es équations
des propriétés des débits effluents sont données en forstion des paramétres Iy, n et d.

INTRODUCTION

Natural storage, storage by reservoirs or other ar- ficial controls, and the charac-
teristics of the outflow from natural lakes are important assets in the development of
water resources. Unlike the outflow from a reservoir wnich is regulated by a hydraulic
structure, the outflow from a natural lake is a result of -he given inflow ch iracteristics,
outflow conditions (rating curve) and storage properties cf the lake.

Outflow characteristics are described in terms of #he most important parameters
of inflow, outflow rating curve and lake storage. The =Tects of natural lakes with log-
normally distributed and indepzndent inflows on t1e outflow characteristics are
particularly studied. The CDC 3600 digital computer was used : (a) to zenerate the
independent inflow data; (b) to solve the equations; (c' to compute the parameters of
the outflow probability distribution; and (d) to compt € the first ten seria. correlation
coefficients of the generated outflow sequences. Gen=zated data consisted of 10,000
independent random numbers, normally distributed, wi-1the mean zero and the variance
unity, which were transformed to log-normal probab lity distributions with various
values of standard deviation of legarithms.

The approach used was:

. The mathematical model for the generation of utflow sequences ~as derived
from the general storage differential equation, which w3 obtained by using the outflow
rating curve and the storage capazity function of a la<e. The latter two rzlationships
were assumed to be power functions of the water depth 1bove the level of zzro outflow.
The average outflow was assumed equal to the average inlow for a sufficient :ime period.
The difference betweer: precipitation and evaporatice, and seepage fran the lake
were neglected.

2. Only three parameters, which described the inficv, the outflow rating curve and
the storage function of lakes were introduced in the mathematical model. The ranges
of these three parameters were selected for practical czses.

3. The expressions for the variance, the skewness and the excess co=fficients of
the outflow probability distribution and for the serial cwrrelation coefficierts when the
ratio of exponents of the lake storage and rating curve power functions is unity, were
theoretically derived from the basic equation for giverr values of the other two para-
meters. The inflows were mutually independent and indzpendent of previoms outflows.
The same statistical parameters of outflows for the ra.io of exponents different from
unity were computed from outflow sequences obtained by the data generation method.
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The log-normal density function of X, defined as the density function of a variable X
whose logarithms obey the normal law of probability, is

£ix) = exp[—(In X—pn)¥/205] ()

1
Xon/27
with un the mean and oy the standard deviation of In X.

The mean u and the variance o2 of X are given by

f = explsin+0n/2) )
and
2 2
02 = expQur+07) [exp (o) —1] (3)
For 1 = ofu, the coefficient of variation of X variable, the skewness coefficient Y1 is
y1="n%+37 4
and the excess coefficient 2 is
v = n2(nB+ 69+ 1592+ 16). (5
For x and o given, then
u
= In —: 6
pn = n e ®
and
agn = [In(1 473172 0

EQUATION FOR GENERATING OUTFLOW SEQUENCES

1. Basic storage equation

The characteristics of outflow from a natural lake depend on: (a) the shape of the
outlet cross-section, the slope and the roughness of the outflowing river reach which
effects are integrated by the outflow rating curve; (b) the storage function which
relates the storage capacities of natural lakes to the lake level or depths; and (c) the
characteristics of inflows. The equation for the outflow sequence is derived from the
above characteristics by using the continuity equation. It expresses the basic relation
between inflow, outflow and storage as

P—Q & 8)
with P = the inflow discharge, Q = the outflow discharge, and S = the storage
volume,.t = the time, and dS/dt = the rate of storage change with time.

2. Properties of lakes

The relation between the lake volume and water depth can often be approximated
by the power function
S =aHm™ [©)]
with S the storage volume, and H the depth of water above the datum of zero outflow,
and a and m the parameters, depending on the size and shape of the lake.
The outflow rating curve can also be approximated by a power function of the type

Q = bHT (10)
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with Q the outflow discharge, and H the depth of water abave the datum of zero
outflow, with the parameters b and r which depend on the characteristics of the river
reach at the lake outflow.

3. Distribution of inflows

It has been noted that discharge data of many rivers follow the normal law if the
logarithms of the river low are used instead of actual values. In this study, the log-
normal distribution has been assumed to be a good distribution function to describe
the inflow characteristics. For simplification, the inflows are assumed to be independent,
though the same method can be used for dependent inflows.

4. Derivation of equations for outflow sequences

From equation (10}, H — (Q/bYHr. Substituting in equatior (9)
1
S = a(QIb)y™r = — Qn (1)
¢

where n = mfr and ¢ = h*/a.
By differentiating equation (11) and by using equation {8), the differential equation
becomes

Q _ E Q~n+1 p+£ Q—n+‘2 = Q. (12)
dr n n

This equation can be expressed as a difference equation by letting
dQ = A4Q = Qi+1— 04,
and dr = (¢, with Q = }(Qus1+ @y), where Qs is the actual cutflow at the j-th time
Qi+1 at the (i+1)-th time; and P = $(Pi+1+ Pi), with Py the actual inflow at the j-th
time, and Pisq at the (i+1)-th time. If the modular coefficients Xi = P¢/Pp and
Yi = Qi/Qo are used, then P; = X;Pp and Qi = YiQo, where Py is the average inflow,
and Qo is the average outflow. The assumption of average inflow being equal to the
average outflow of a lake gives Po = Qo. Equation (12) becomes

n

¢ 1\-n+2
Yivr = Yi— = Aepomtt (§> (Yir+ Y " (X + X— Vi — ¥i) = 0.
Let ())~"*+2cdt Py=7*1 be denoted by d, which is a dimensioniess parameter, then
d
Yivp = Yo + = (Yo + 1) (X + Xi— Vi — 19). (13)
n

This is the eqhation for generating outflow sequences, Yi+;. The difference between
equation (12) and equation (13) is in their dimensions: the latter is dimensionless
while the former has dimensions of L3/¢2.

5. Description of parameters in the equation for generating outflow sequences

Originally there were seven parameters involved in the derivation of the equation:
(a) Storage function parameters, a and m: (b) Outflow rating curve parameters, b and r;
(¢) Parameter 4, to change the differential equation to the differznce equation; (d) The
parameter Pp, which is the average inflow; and (¢) The parameter I, which is the index
of variability of inflows to specify the characteristics of inflow. Only the following
three parameters: n, I, and d are used in the mathematical model and they are defined
as follows:
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(a) Parameter n with n = mfr, or the ratio of powers for storage function and
outflow rating curve. This parameter describes the properties of the lake and the outflow
with range from 1/4 to 4. The coefficient m lies within the limits 1 to 5, and depends on
the range of levels and on the shape of lakes. For a high reference level and a small
range of levels, m is usually 1.0 to 1.5 and rarely exceeds 2. For the highest range of
levels it is from 2 to 5. The range of the coefficient r of equation (10) is 1.5 to 3.0.
The parameters a and b are indicators of flatness of the stcrage function and rating
curve function, respectively, while the parameter » indicates the ratio of rate-of-change
of lake (storage function) and rate-of-change of outlet rating curve. The latter can be
used as an index whether a natural lake has a good ratio of storage function to the
outflow rating curve characteristics.

(b) Parameter d. This parameter, d = (})~"+2(pn/a) At Pg=n+1, represents the rela-
tionship of average inflow, time unit selected, and the properties of the storage function
and the outflow rating curve through ¢ = 5"/a. The selection of a longer time unit
creates a larger value for d. The effect of mean inflow, Py, on parameter d depends on
the value of n. For n greater than unity, the value of 4 increases as the mean inflow
increases, and decreases when # is less than unity. The coefficient b has a large range.
it depends on the dimensions used for Q and H, the outlet cross-section, river slope
and roughness.

(c) Parameter I,. This parameter, sometimes called the index of -variability, is the
standard deviation of logarithms of the modular coefficients of inflows. It describes
the characteristics of inflow. When the average inflow, Pg, and the index of variability,
Iy, are known, the distribution of inflows is defined.

CHARACTERISTICS OF QUTFLOWS

1. Analysis of equation for generating outflow sequences

The equation for outflow sequences depends partially upon the value of n. Seven
values of n: 1/3, 1/2, 3/4, 1, 3/2, 2 and 3, are analyzed as separate cases.
For n equals unity, the most simple case, equation (13) becomes linear

Yipy = (YVi+d (X1 +Xi— Y)Y/ (1 4+ d), (14)

in which Yi+; can easily be solved since Yi, Xi+1, X; and & are known.
For n equals 2, equation (13) becomes

2 d 2 d d
Yi+1+5 Yin—"i +§ 4 —E(Xt+1+X¢) =0. (15)

Equation (15) is quadratic, and Yi;+; can be immediately found in

—d 1 d2 2
Yt+1 = T + i ‘2‘ + 4 Yt+2d(X¢+1+Xf—Yt) (16)

The positive value of the square root is chosen because the outflows of natural
lakes usually are not negative.

2. Generation of inflows

When the inflows are log-normally distributed, the modu.ar coefficients of inflows
are also log-normal. Hence, a new variable z; = In X3 is normally distributed with
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mean E{ln X]= u, ard the variance /,2. The independent standard normal variable,
fi, is obtained by the transformation

ti = (zi—pz)fly. (17)

Since X; is the modular coefficient, its expected value is unity. By using the relationship
between the parameters of the og-normal distribution and corresponding normal
distribution, equations (2), (3), (€) and (7) give

X = exp(uz+ 4 var z) and var X = [exp(var z)—1] exp (2 + var z).

As ¥ =1 and var z = /2, then ytz = — L% and substituting in equation (17)
2
(i = el = exp(lyti— 4 1y) (18)
with =y = [ut;+ ., where f; rep-esents the independent numbers of the standard

normal variable. Also,
9
var X' = exp(l,)—| (19)

or the variance of mod ilar coefficients of inflows can be expressed in terms of I, only.

The 10,000 random numbers normally distributed with mean zero and variance
unity, assuming the inirial outflow is equal to the initial inflow, were generated on the
CDC 3600 computer and were ised as f; in equation (18) to obtain X: numbers.
Sequences of outflows were obtained for five different values of Iy: 0.15, 0.25, 0.40,
0.60 and 0.90, from equations (13), (14) and (16), for the seven values ofn. Six different
values of @: 0.3, 1, 3, 13, 30 and 100 were used for generating the outflows. The time
series generated, each .V = 10,000 long, represent various combinations of n, Iy and
d, or 7X5x6 = 210 different cases. The statistical parameters of these series were
obtained by using the digital computer. The outflows for # = | are generated by
equation (14). for n = - by equation (16) and for all other n values by iterative solution
ot equation (13).

3. Determination of outflow characteristics

Parameters of the gutflow Y;, computed from 10,000 values of outflow, are

(1) the mean, ¥ = Yi;

z|-
S

N
2 1 -
(2) the variance, sy = WZ(:/i—Y)g;
1

(3) the coefficient o variation Cy = s,/ Y;

N
(4) the skewness coefficient, j1 = Z(Yi~7)3/Nss;
1

N
> -y
1

(5) the excess coefficient, yo = ———— — 3;

158

and (6) the first ten serial correlation coefficients computed by

N—k Nok -k
Z Yi Yier — (? Yi '>‘ Yi+k>/(N_/")

1 1
= k N—k N—k
Nk Nk oyg ve r¥IF, N-k 2 12
[Z Yi — (: n) /(N—k)} [Z View — (Z Yitx ) /(N—k)]
1 1 1 1

with ri the k-th lag serial correlation coefficient and & the time lag.

4. Analytical solution for n = |

For n equals unity, the parameters of the outflow distribution are determined
analytically from the equation of outflow sequences when the inflows are mutually

independent and independent of previous outflows. For n = 1, equation (14) can be
written as
|—d d
Yiel = 154 Y + g +d‘/(i+1+z\/i) (20)

From this equation the expected value of the modular coefficients of outlows
yierds unity. Multiplying equation (20) by Xi+; and taking the expected values

1 —d d 9 d
E{Xi Y = —— E[Xi+1 Y] — [E(Xi+1 E(Xiv1 Xl =1+ —— Var X (21]
[Xi+1 Yis] TTd [Xi1 i]+1+d[ (Xi+1) + E(Xiv1 XD} +H—d ar )

becdause Xi+1 and Vi are independent; or E(Xi11Y:) = E(Xi+1) E(Y;) = |; Xisr and
Xiare independent, or E(Xi+1.X;) = 1;and var X+ 1 = E(X?2). From equation (20) then
Y A e . LN 12 var x4+ 2 cov (i, X0 +
var Yijo1 = |—— | var Yi + | — var COV(Xiry, A¢
i+1 1+d ¢ I +d i+1 t
d(1—d) d var Y d
2——cov (Yy, Xir1+X3) = var X, or = (22)
(1+d)? 1+d var X l+d

because cov (Xi+1, X7) = 0, cov (Yi, Xis1) = 0, and

d
cov (Xy, Vi) = E(X; Y3) — E(Xy) E(Yy) = H_dvar X

To find the skewness and excess coefficients, the expected values of X2, X3, X4, Y2,
Y3, Y9, XY? X2Y, X3Y and XY3 are necessary. By using the moment generation
function, E(X?2), E(X3)and £(X%)can be found. In a similar way, the remaining expected
values were found. The final results give the skzwness coefficient of outflows

M DV edoy | -3 Erey 1o @3
== ) (Y -3 E(

and the excess coefficient of outflows

E(YH—4E(Y3)+6E(Y?)—3
ye = Z -3 (24
5

y

The final solutions for the ratios of skewness or excess coefficients for outflow and
inflow, respectively, are given as equations (29) and (30). The expected values
computed for ¥, Y2, Y3 and Y4 are not given.
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Fig. 1 — Ratio of variances of Lake Outflow and Inflow vs. parameters d and n.

The correlogram o~ outflows for n = | was obtained by using the same method,
and the final result was

(- k (25)
g = e, = |
TR
with gx = |, for kK = 0.
Specifically for & = 1
I
0 = —. (26)
1+d

The result given by equation (25) shows that the serial correlation coefficients
depend only on the value of d and k and are independent of the value fy. When d is
positive and greater than 1, equation (25) shows that the serial correlation coefficients
become negative whenever the value of k is even, and positive whenever k is uneven.

Equations (22) through (25) were used to compute the variance, the skewness
coefficient, the excess coefficient and the serial correlation coefficients of outflows,
respectively for n = 1. As it will be shown, the values obtained by these equations for
n = | agree with the rzsults from the generated outflow sequences of 10,000 numbers.
The differences appear to be attributable to sampling errors only. The attempt to
analytically solve the cases for other values of n except n = 1 did not produce solutions.

S. Variance of outflow

Figure 1 shows the relationship of the ratio of variances of outflow and inflow,
var Q/var P, versus the dimensionless parameter d, for various values of the parameter n.
The 210 points represent the results of the data generation method and the lines
represent either the exact relationship, which is the case only for n = 1, or the fitted
curves, which is the case for other values of n. Equation (22) gives:

var Q/var P = d/(1+d).

It is found that a horizontal translation of the curve of equation (22) fits well the
points obtained for th= values of n different trom unity. However, the position of each
line for a given n is ottained by the least square method of fitting the line of equation
(22) to the points. For var Q/var P = 0.5 and for n = 1, the value of d is unity. This
value, dp, is determined for each » different from unity. The logarithms of 7 and dn
(with arbitrarily added value of 2.00), or (24In n) versus (2+1n dm), are plotted in

AV]
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3.0 /,/
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2+ Indp,

Fig. 2 —— Relationshins of parameters n and dp, for the ratio of variances of outflow
and inflow of C.50.
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figure 2 in log-log paper (for the double-log relationskip). A least square straight line
fit in figure 2 gives the relationship of d, and n whichimay be considered as an experi-
mental curve which approximates closely the true relationship, or

241ndy = 2(1+4 In ML, @n

The constant 2 is introduced in order to avoid the negative values in taking the
logarithms, and the selection of this constant does not change the results, but changes
the coefficient before [n n (the coefficient is 4 before In n, for the constant 2). For
n 2z .10, the constant 2 is sufficient to avoid the negative values. For n < 0.10, a larger
constant should be used. With this value of dm, then

var Q d
var P d+0.135 exp[2(1 + 4 am)i-78]
where the variance of ¥ = PPy is given by equation (19).
For given values of 4 and n, equation (28) gives the ratio of variances of outflow

and inflow. As expected, the variances of outflows are al ways smaller than the variances
of the corresponding inflows.

(28)

6. Skewness coefficient of outflows

Figure 3 gives the points which are obtained for rztios of the skewness coefficient
of outflow distribution to the skewness co-efficient of inflow distribution, computed
by the data generation method, a total of 210 cases, s functions of the parameter d
for various values of r.

The analytical approach for n = 1 yields the solutior of equation (23) and the ratio is

y1(Q)  4—ditd?
y1(P)  (+d?/TFdd

with y; (P) given as a function of Iy by equation (4).

Figure 3 shows a relatively good agreement for #n = | between the curve of
equation (29), plotted by a soiid line, and the points for n = | obtained from 10,000
generated outflows. The dashes connect the computed 30ints for y1(Q)/y1(P) versus d
for the n values different from unity. No attempt was made to fit a family of curves
for these cases because of a much greater sampling fluctuation of the third statistical
moment used in estimating y1-coefficients for ¥1(P) from generated 10,000 independent
log-normal inflows, and 71(Q) from generated 10,000 cependent outflows. The simple
horizontal translation of the curve of equation (29) dees not seem to apply.

The analysis of the relationship of y1(Q) and the coefficient of variation of Q,
shows that the distributions of outflows do not satisfy ecuation (4). The distributions of

outflows are not log-normally distributed when the inflovs are log-normally distributed.
The converse is also true.

(29)

7. Excess coefficient of outflows

The ratio of excess coefficients of outflows and inflows versus the parameter d,
for n = 1 is obtained by the solution of equation (24). and this ratio is

ve(@)  dQ2—d+d?)
»2(P)  (1+d)(1+d?)

Because the ratio ye(Q)y2(P) was shown not to be indzpendent of I, and because of
large sampling fluctuations, the computed points are not presented in this paper.

The use of the excess coafficient is limited in hydrology and further study was not
deemed of any value.

(30)
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8. Serial correlation coefficients of outflows

By using the same procedure for the serial correlation coefficients, g, of outflows,
as was used for the ratio of variances, the theoretical curve of gx for outflow for n = 1,
equation (25), is translated along the d-axis to fit the points (by the least square method)
for n different from unity. Figure 4 gives the relatiorship of (2+1In #) and (24 In dyy),
with dp, the value of o for g1 = 0.50. The least sqaare fitted straight line of figure 4
gives the relationship

24+Indy = 2(1 44 In n)l-84 30
with the same remarks for the use of the constant 2 as was given above for the ratio of

variances. It must be noted that the constant 1.84 is close to 1.78 which is found for
the ratio of variances.
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Fig. 4 — Relationships of the parameters n and dn, for the first serial correlation

coefficient g; = 0.50.

With equation (31), equation (25) for or becomes
(1 —djdmye—1

(1-+d/dm)* 42

with dy, given by equation (31).

For the special case, g, (the first serial correlaticrn coefficient), the obtained points
by the generation of 10,000 outflows are given in figure 5. The solid line for n — 1
gives g1 = 1/(14d), and this line is translated horizontally to fit the observed points
for n values different from unity. The fit is very good.

CONCLUSIONS

The following conclusions arz advanced:

(1) By knowing the approximate power functior. -elationships of lake storage and
lake outflow rating curve to the water depths above the level of zero outflow, the
relationship of outflow to inflow characteristics and vice versa can be established
either analytically for some limited cases, or by the data generation method (Monte
Carlo method) for all cases. This enables the simple determination of outflow charac-
teristics for given inflow characteristics, or vice versz.
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(2) The assumption of independent log-normally distributed inflows is not
necessary for establishing the inflow-outflow relaticns, though it was used in this paper
to illustrate the method.

(3) Once the three parameters (1, d and [ of the inflow and of the lake
characteristics are known, the relationships given in this paper permit a straight
forward determination of outflow characteristics, described by the variance, the coeffi-
cient of skewness, and eventually the coefficient :of excess as well as by the serial
correlation coefficients.

(4) Though the parameters of outflows are de-ived theoretically only for n = 1,
it may be expected that they could be derived for the other values of n, or for any
value of n.

(5) In order to obtain accurate values of the skewness and excess coefficients of
outflow, the sample size of 10,000 generzted outflc ws seems to be inadequate mainly
because of serial correlation, and larger samples mity be inexpensively generated.

(6) Simple statistical tests may be performed toltest whether the original generated
numbers are normally distributed and independent. These tests were not carried out
in this study though they were used in o-her similir investigations.
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LES LACS DE CALDONAZZO ET DE LEVICO

Observations mét=orologiques, hydrométriques
et tathométriques

L vio DORIGO
Directeur dr Bureau Hydrographique

RESUME

En se rapportant 4 des études p-écédentes : « Les caractéres généraux et les con-
ditions morphométriques des lacs ce Caldonazzo et de Levico » (1), « Le climat des
combes des lacs de Levico et de Caldonazzo » (2) seront élaborées des observations
médtéorologiques faites aprés la pérode prise en considération dans les études citées
ci-dessus.

En particulier pour le lac de Cald3nazzo on répétera les relévements bathymétriques
faits en 1930.

Pour tous les deux lacs on élaberera les observations hydrométriques faites pen-
dant une longue période.

Plusieurs savants se sont occupés des lacs de Caldonazzo et de Levico en étudiant
soit le climat des cuvettes des deux [acs, soit les caractéristiques physiques et morpho-
métriques de ces lacs.

Ce mémoire se pose le but d’ajcuter de nouveaux éléments aux études déja faites
et en particulier en ce qui concerne une série d’observations pluviométriques et ther-
mométriques plus longue que les sér.es publiges jusqu’aujourd hui.

Etant donné qu’en 1930 la «Se-tion pour le Relévement des Lits» spécialement
organisée auprés du Magistrato ale Acque avait effectué le levé topographique et
bathométrique des deux lacs, il a éts considéré intéressant d'effectuer un deuxiéme et
rapide levé bathométrique du lac de Caldonazzo, afin d’obtenir des éléments indicatifs
sur les changements éventuels subis par le lac et cela pour pouvoir prendre des déci-
sions concernant un relevé minutieu .

En effet, les résultats de 12 sections transversales (fig. 1) permettent d'éta-
blir que, pour le moment, malgré I+ grand intervalle de temps, écoulé entre un levé
et 'autre (35 ans), un levé plus mirutieux n’est pas nécessaire. Les résultats obtenus
sont récapitulés dans les tables T et [ .

CARACTERISTIQUES GEO-HYDROLOGIQFIES DES DEUX LACS

L’origine des deux lacs est due aL barrage des deux vallées déterminé par les grands
cones de déjection, et précisément p ir ceux de Susa-Pergine et de Caldonazzo pour le
lac de Caldonazzo et par celui de Levico pour le lac du méme nom.

La surface du bassin tributaire du lac de Caldonazzo est de 50,5 km2, dont 20,6 km?,
qui représentent le 40%; de toute la str-face, sont constitués par des roches imperméables.

Sur la rive droite les phyllades e les roches quartziféres prédominent, mais on y
trouve aussi des dépots et des recou -rements de moraines.

L’hydrographie est trés pauvre, Es divers cours d’eau sont sans eau pour la plus
grande partie de |'année, seulement € Rio Mandola, qui se jette prés de Calceranica,
sur la rive droite, a des eaux péremes.

L Prof. G. MoranDInI, Directeur de {'Institut de Géographie de |’Université de
Padoue. .
®  Prof. F. DoNA de I’Université de Padoue.



