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NUMERICAL MODELLING OF THE DYNAMICS
OF LAKE BAIKAL

H.A. Tsvetova

Introduction

Mathematicalmodelling of environmentalprocesseshas been
widely applied. In the Soviet Union, the investigationof almost
all of the large basins is being carried out by means of numerical
methods. The scientific group of the Siberian Branch of the USSR
Academy of Sciences,under the guidanceof AcademicianG.I. Marchuk,
has been working on the model of the largest fresh water lake,
Lake Baikal.

This report provides a review of the numerical model of lake
currentsmade at the Computing Center. Before presentinga math-
ematical formulation of the problem, we will describeLake Baikal,
for which a model has been built.

Lake Baikal

Baikal is located between latitude 51°40'-55°45' North and
longitude 109°40'-109°55'East. The lake is crescentshapedand
636 km long, the narrowestpart being 25 km and the widest part
being 75.5 km. The enclosedvalley of the lake consistsof three
deep cavities divided by submarinerifts. Running parallel to
Lake Baikal is a high mountain chain cut by several deep valleys.

More than 500 tributaries flow into the lake, of which the
biggest are the Selenga, the Upper Angara and the Barguzin. The
only river which has its source from Lake Baikal is the Angara
river.

Baikal is a fresh water lake, possessingall the character-
istics of fresh water. The water density is the most important
for dynamics modelling. Since the water density increaseswith
the increaseof temperaturefrom 0° to 4° C, a stable stratifica-
tion of water is possible by an inverse distribution patternof
the temperature.
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Mathematical Formulation

Let us use a cylinder system for the convenientdescription
of the geometry of the domain under discussion (see Fig. 1).
The following systemof equationsare valid:

du ｃ ｬ ｾ Yo Clp 1 ClPa 2
R-v = 9.. D (u)

v
dt - gay - - - -- +

15 o dY P Cly Y

dv
R-u ｾ ｃｬｾ ..:r. 10 Clp D(v) 1 ClPa uv

dt - = ae as + - py as-y py y

1 Cl 1 dV Clw
y ay yu + y ae + az = 0

dT
dt = Q(T)

(T - 3.98)2
p = 1 - 503.57

with the boundary conditions at:

T + 283 . 10-3
T + 67.26

Z = 0:
Clu

v -Clz
dV

v - =Clz

v ClT =
Clz -1 w = 0

z = H: u = v = w = T
Z

at the lateral boundariesu = v = 0, ｾ ｔ = 0, and under the initial
data, T = TO, u = uO, v = vo . n

Here, u, v and ware velocity componentsof the vector u
along y, e and z directions, respectively. T is temperature;
p is water density; H is the depth; ｾ is the free surface; Ty
is the wind stresson the surface; R- is Coriolis parameter;
1 is downward flux of heat at the surface; n is normal vector;
g is accelerationof gravity; Pa is atmosphericpressureat the
surface. d . . . .

The symbol dt 1S a total der1vat1ve1n the cylinder system
of coordinates:
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Fig. 1. Grid domain.
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The anizotrop form for the turbulent operatorswas chosen on the
basis of the evaluationsreceived by the processingof the
measurements.

The splitting-up method is used for solving the systemof equations.
It consistsof the solution of some more simple problems instead
of a complex one.

The splitting-up of the physical processeshas been chosen
to solve the problem, as its advantageis that it is possible to
investigateeach processseparately. New factors can also be
taken into account by means of the same procedure. Separating
the physical processesin this way is convenient for calculation,
and consistsof three steps.

The first step is the transferencealong the trajectory

au n au + v n au + n au 0at + u as w az =ay y

av av n
av + av+ n + v n

0at u ay w az =y ae

aT aT
n aT aTn +

v n
0

at + u ay ae+ w az =y

under conditions div u = 0 and correspondingto the boundary
and initial conditions.

The second step takes the diffusion into account:

du
dt = D(u)

dv
dt = D(v)

dT
dt = D(T)

The solution of the equationsof the first step is used as the
initial approximation.
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The following systemof equationsis consideredin the
adaptationstep:

auat - ｾｶ

avat + ｾｵ
= g ｡ｾ + Fyae 2

where

1 a
yay

H

of
1 a

udz + y ae
H

of vdz = 0

F
1

F
2

=

= dP 1 aPa
ae - py ae

The solution of this system is reduced to solving the
elliptic equation for the streamfunction.

The numerical proceduresapplied to solve the system of
equationsfor each step will not be mentionedhere. We only
point out that the great experienceat the Computing Centre on
the solution of problems of atmosphericand ocean dynamics is
used for the realization of the model.

Much attention was paid to the parametrizationof the
atmosphericactions while working with the model of the currents.
Using the data of measurementsfor more than 10 years, N.V.
Savinova defined the types of wind fields. Six main types of
wind were defined and these six types were further divided into
subtypes. In all, seventy typical meteorologicalsituations
were described. Wind regime characteristics,continuousduration
of wind action, type succession,and repetition of each type
were also calculated. The catalogueof the wind, pressure
fields, and tables of regime characteristicswas formed to use
this data in the models.

Special Monte-Carlo methods have been supposedto determine
the order of successionand the duration of a meteorological
situation in the numerical experiments. By these methods, the
space structureof the wind and pressurefields is determined
from the catalogueand the order of successionis modelled
according to the tables of the regime characteristics.

Let us consider a few variations of the model of Lake Baikal
and give the results of the numerical experiments.



Model of Wind-Driven Currents

If we assume that water is homogeneousand if we neglect
nonlinear terms in the motion equations,we will get the following
systemof equations:

auat - 'lv

av
at + 'lu

｡ ｾ = 1 a y O/Hat yay
1 a

u dz + y as Of
H

v dz

under the boundary conditions:

z = 0:
auv - =az

T
-.l

p

av
'V az =

z = H: u = v = 0

It is the most simple version of the model representingbaratrop
approximation.

The calculationsmade by means of this model demonstrate
the current dependenceon wind. Figure 2 shows the result of the
calculation of the currentsdriven by the southwestand northwest
wind types. The experimentshave shown that the amount of time
necessaryto reach the steady state of wind currents is several
days and is dependentupon the wind situation.

A Model of the Currents, Induced by the River Inflows and Outflows

Inflows and outflows play an important role in the lake,
which is why we had to make special numerical experimentsto
calculate the currents causedby inflows and outflows alone.
In the previous model, the wind influenceswere eliminated and
the outflows of the rivers were given on the basin boundaries.
Two caseswere considered.

In the first case, the inflow was representedby the three
biggest rivers, the Selenga, the Barguzin and the Upper Angara.
The value of the Angara inflow was equal to the sum of the
outflows of these three rivers. In the second case, besides
the three local inflows, the value of the inflow of other rivers
was given for the whole coastline. The Angara outflow was
chosen in this case in such a way as to compensatethe value of
the sum inflows. The results of the calculationsare shown in
Figure 3. The most significant differencesoccur in Southern
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Fig. 2. Wind-induced currents

a) wind stress, b) surfacevelocities.



River Upper Angara

a)

River Angara
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River Upper Angara

River Selenga

River Darguzin

River Selenga

FiGe 3. Currents inducod by river inflovs and outflows

u) only tlJrcc b:i.CGcst inflo\'ls ｣ ｏ ｬ ｬ ｾ Ｚ Ｓ ｩ ､ ･ Ｚ ｲ Ｎ ｣ ､

b) all rivcrr; ｜ Ｚ ｯ ｮ ［ Ｌ ｪ ｣ ｬ ｃ Ｇ ｾ Ｇ ｃ ､ ｯ
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Baikal, and that is natural, as the only outflow and 57 per cent
of the inflow are located here. However, it is necessaryto
point out that the currents induced by the rivers are small.
The averagevelocity is only a few millimeters per second.
The conclusion is that the currentscausedby inflows and out-
flows are small comparedto the currents induced by wind.

A Baroclinic Model

This model is representedby the whole systemof equations
and reflects mutual adaptationsof the currents and temperature
patterns.

Figure 4 shows the surface currents calculated for the end
of November. The analysisof the current pattern shows that the
counterclockwisemotion is characteristicfor the upper layers
as a whole.

The pictures of the calculatedcurrents are in agreement
with the pictures of the currents drawn after the processingof
the measureddata.

The above-mentionedmodels allow one to solve some problems
directed towards the improvement and precision of the model itself.
In the future, it will be possible to solve the problems closely
connectedwith the planning of the activities on Lake Baikal.
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Fig. 4. Calculatedsurfacevelocities, end of November.


