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Lake Baikal, 11 May 1937Lake Michigan, 19 December 1941

Tikhomirov, 1982

Seasonal scale:

Autumnal cooling Spring heating



Mean annual SST in October 
in the Caspian Sea

(Atlas of the Shelf Seas of the USSR)

Averaged data:

Averaged T over 1 week
Averaged T over 1 month

SST of the Baltic for the week 43 (26-30 October) 
2005 NOAA/AVHRR (http://wwwi4.ymparisto.fi)
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0.1. Why and how do
the horizontal gradients appear?
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2. Arising and development of horizontal exchange

2
1

0
2 











Ag

L




0.2. Development of the horizontal exchange with time

For L~10-60 m and В~10-6-10-8 m2s-3 it has 
an order of tens of minutes only

0

0,5

1

1,5

2

2,5

3

0 5 10 21 31 36 42 57 67

T1-T2

Flushing time
2

1

0
3 











Ag

L






The dynamics of water exchange
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Characteristic features of the flow:

- no final steady state

-the flow is the combination of vertical convection and horizontal advection 

- horizontal velocity maxima are inside the layer

1. Cascading
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Velocity profiles

Velocity profile, incline; 12 deg
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T(z)
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2 km x 5 km x 50 m 

50 m

5 km

Cooling from the surface
3D-nonhydrostatic model MIKE3-FlowModel



Winter cascading of cold water in Lake Geneva
I.Fer, U.Lemmin, S. A. Thorpe
JOURNAL OF GEOPHYSICAL RESEARCH, 
VOL. 107, NO. C6, 10.1029/2001JC000828, 2002

Field measurements: Lake Geneva

D=57 m

offshore

onshore

(57m-48m)/57m=0.158

Lake Geneva



Lake Consance

Central part of 
the lake

Heat loss from dh 
1/2(dT1+dT2)*dh

Temperature profiles versus depth,
averaged over 1 week, 

from November,20 till December,1, 1988 

Autumn 1988, station Boje Mitte

4348
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Horizontal T profile
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The Baltic Sea:
area, where vertical convection reaches the bottom



2. Upwelling
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Fluxes and Structures in Fluids St.Petersburg, 2-5 July, 2007
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What is the reason for this flow? 



Numerical modelling, MIKE3-FlowModel

3D, non-hydrostatic, linear initial Tstratification, A=0.01, 1 m vertical layer, grid 100 x 30 cells,
50 x 50 m, time step 3 s, day-night variations, solar heating at mid-latitudes, Tair=30 C, 

Tin, water surface= 22 C, 10 days, no wind



500 m
1000 m 1500 m

0

1500 m

1000 m

500 m

Vertical profiles 
of temperature 
(dashed lines)
and 
horizontal component 
of water current 
(solid lines)
at 3 positions 
above the slope

on-shore 
currents

off-shore 
currents

Velocity modulo



22

Horizontal water temperature and vertical velocity profiles 
in sub-surface layer
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4 July 2006

Field data: the Baltic Sea

Student practice
3-5 July, 2006

78 cruise
«Prof.Stockman”

1-5 July

yacht
«Aquarius:

4 July
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Aquarius, T(d), 4 July 2006
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Tsurface up to 26ºC 
at the coastline

T(d), st.14
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Estonia, August 2006

Pre-upwelling conditions

Upwelling, 1-15 August 2006



4º C

3. Change of the structure:
Thermal bar
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Numerical modelling, MIKE3-FlowModel



Monitoring IOW,
May 2005 г.



IOW monitoring data base 



Day/night circulation

9:00 24 February 12:00 24 February

Wellington Reservoir, Australia
Monismith et al., 1985





Q(dT)
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slope. This shows that in fact the currents are never in phase with external forcing.  



For the scale of the volumetric flow-rate we have:
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Steady-state horizontal flow-rate
versus the thickness of the thermally affected layer
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Summary




-the exchange embraces the entire basin in horizontal, and is generally two-layered 
in vertical;

-horizontal convective exchange flows are unsteady (even under constant external 
conditions); 3-dimensional, prone to the formation of the convective cells, rolls etc.;

- the flow is inertial; currents lag after external forcing;

- for the volumetric flow-rate and flushing time, the main governing parameter is 
the thickness of the thermally-affected layer; surface buoyancy flux and bottom 
slope are less important; 

-the horizontal convective exchange is larger (i) at the end of the slope,  (ii) near 
gentle rather than steep slope, (iii) under stronger surface heat fluxes.



Thank you

for your attention!


