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42.1 Introduction 
This chapter considers phenomena of turbulent mix- 

ing that are specific and special to lakes. Most stratified 
turbulence processes, as depicted in Fig. 42.1 for lakes, oc- 
cur both in the oceans and in lakes, and most of them are 
described in detail elsewhere within this book. The simi- 
larities to oceanic methods, observations, and theories are 
manifold. Comprehensive overviews of the hydrodynam- 
ics of lakes in a more general sense arc given, for instance, 
by Mortimer (1974), Hutter ( l  983). Iinberger and Patterson 
(1990), Imboden and Wiiest ( l  99S), and Imberger (1998). 
Therefore, we will focus (a) specifically on turbulence and 
(b) on phenomena that are (i)  either more important or (ii) 
more easily observed in lakes. 

The methods and measurement techniques for the 
observation of turbulence and the estimation of turbu- 
lent mixing in lakes have been developed in parallel or 
subsequent to their oceanographic counterparts described 
in Part I1 of this book (for a historical review see also 
Gregg (1991)). For many studies, the method of choice was 
the temperature microstructure method described briefly 
in Section 12.4.2 of this book (see also the major con- 
tributions to this important method by Dillon and Pear- 
son (1981), Imberger (1985), Brubaker (1987), Imberger 
and Ivey (1991), Maclntyre (1993), Crawford and Collier 
(1997), and Luketina and Imberger (2001)). The main ad- 
vantage of this method is the low detection limit, which 
is capable of resolving the rather weak turbulence within 
the stratified waters of lakes. Recent technological devel- 
opments are able to resolve the turbulent current fluctu- 
ations using laser Doppler anemometry (Etemad-Shahidi 
and Imberger, 2001) or coherent acoustic Doppler methods 
(Lhermitte and Lemmin, 1990; Lohrmann et ( I / . ,  1990). The 
latter are discussed as CDVPs in greater detail in Chapter 
15 of this volume. 

According to the dominant physical forcing mech- 
anisms, the lake's water body can be divided into three 
different compartments: the (intermittently stratified) sur- 
face boundary layer (SBL), the bottom boundary layer 
(BBL), and the stratified interior in between. We notice 
that this physically oriented subdivision is not fully identi- 
cal with the common limnologic subdivision of lakes into 
epilimnion, metalimnion, and hypolimnion. 

The goal of this chapter is to summarize the typical 
turbulence characteristics within the above three physical 
compartments as observed by efforts within the last two 
decades, and to conclude with a synthesis, describing the 
flux path of mechanical energy within and between these 
compartments. 

42.2 The surface boundary layer 
The SBL is the interface between the stratified bulk 

of the lake and the atmosphere. Wind stress andlor surface 
buoyancy flux usually supply the energy required to estab- 
lish a surface mixed layer. However in the case of a negative 
surface buoyancy flux (heating of the lake surface) andper- 
fectly calm conditions, thermal stratification can reach the 
surface and reflect the absorption of short-wave radiation 
(e.g. Fig. 42.6(a)) later. The uppermost part of the water 
column, in which mixing and stratification directly follow 
the diurnal cycle of atmospheric forcing, is called the di- 
urnal mixed layer (Imberger, 1985). The various forcing 
mechanisms produce different patterns of turbulent mix- 
ing within this layer, which can be described using vari- 
ous scaling laws. In the following sections we will focus 
on (perfectly separated) forcing conditions of wind-driven 
turbulence and convective mixing as they were studied in 
numerous lakes. 

42.2.1 Wind-driverz turbulence 
Wind introduces turbulence kinetic energy (TKE) 

into the lake by creating a stress to on the lake surface. 
This stress is related to the wind speed Wlo via the drag 
coefficient Clo: 

where p,,, = 1.25 kg1 m-5s the density of air and the sub- 
script 10 refers to the height in meters above the lake surface 
at which the wind speed was measured. Assuming a con- 
stant stress layer across the airlwater interface and within 
the upper water column, it can be shown using dimensional 
arguments that the functional dependence of the horizontal 
velocity within the water u is given by the law of the wall 
(LOW), 
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