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Lake parameterizations in atmospheric modeling include a set of external data to indicate 
and to map physical properties of lakes. The main challenge is the need to consider all 
the lakes in the atmospheric model domain and to specify the corresponding parameters. 
For Numerical Weather Prediction (NWP), we also need the data to initialize the lake 
time-dependent variables (so-called cold start data). The first steps to make the set of lake 
parameters for the needs of atmospheric modeling are described in this paper. The mean 
lake depth was chosen to be the key lake parameter for which direct measurements were 
collected and processed. The Global Land Cover Characteristics (GLCC) dataset was used 
for mapping, and the mapping method was based on a probabilistic approach. Empirical 
Probability Density Functions were used to project the lake information onto the target 
grid of an atmospheric model. The pseudo-periodical regime of the lake model was used to 
obtain the initial fields of lake variables.

Introduction

As the resolution of present-day atmospheric 
models increases, more and more fine-scale 
effects in the atmosphere from the underlying 
surface become apparent and should be taken 
into account. The appropriate parameterization 
schemes must be developed and applied. Param-
eterization of lakes as a specific type of underly-
ing surface is among them. There are different 
aspects of the interaction between the lake sur-
face and the atmosphere (Mironov 2008, Eerola 
et al. 2010).

As a rule, the parameterization of any type of 
the underlying surface includes: (i) a model or a 
method to simulate the physical processes, and 
(ii) a set of external parameters to specify and to 
map the physical properties of this surface type. 

These two aspects are closely connected. For the 
parameterization scheme, we choose a model or 
a method, and the model (or method) operates 
with the specific external parameters.

The sensitivity of the parameterization 
scheme and hence of the atmospheric model is 
different to various external parameters. The 
most important surface characteristics should 
be specified properly to provide correct simula-
tions. These characteristics should be specified 
in every grid box of an atmospheric model grid 
for every surface type. In case of the mosaic 
tiling approach, when the grid square is divided 
into several different surface types, we also 
should determine the fraction of every surface 
type in every grid box of an atmospheric model 
grid. These fields form the external parameter 
(physiographic) data set.
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There is an additional aspect of the problem 
for operational NWP modeling: the need for 
initial fields for every time-dependent variable. 
Even if the surface-related data assimilation 
scheme is applied, we need data at least for the 
first (cold) start of the model.

All the issues mentioned above are relevant 
for the parameterization of lakes. The main aim 
of this study is to take some steps forward to 
facilitate progress in the second aspect of lake-
surface parameterization, namely the develop-
ment of the external lake parameter data set.

The main challenge with regard to the param-
eterization of lakes for atmospheric modeling is 
the necessity to consider all lakes in the atmos-
pheric model domain together. The atmospheric 
model domain typically covers an extended area 
of many thousands of square kilometers. Differ-
ent types of lakes (large, medium and small in 
size, deep and shallow) with different behavior 
can be located at the territory which all should 
be described together. There is a particular dif-
ficulty in providing the realistic values for exter-
nal model parameters for all lakes within the 
atmospheric model domain.

To provide external lake-model parameters for 
different lakes we need specific measurements. 
Probably we also can estimate the necessary 
parameters indirectly (e.g. using geological infor-
mation). It depends on practical and economical 
circumstances whether the measurements have 
actually been performed (and are available) or 
not. Different kinds of lake models can be used 
as a lake-surface parameterization scheme for 
an atmospheric model. We can use lake models 
that range from very sophisticated 3-dimensional 
(3-D) to bulk 0-dimensional (0-D) schemes. For 
different kinds of lake models, we must provide 
different sets of external parameters.

3-D lake models have been developed for 
lakes of any size, but are usually applied to large 
lakes (e.g. León et al. 2007, Long et al. 2007). 
These models need data on bathymetry and 
may even need the 3-D fields of water turbidity 
parameters. Measurements like these have been 
performed only for a few, well-studied lakes. 
Large and/or economically important lakes like 
Lake Victoria or Lake Ladoga are usually well-
studied. There is no lack of data for them, at least 
for bathymetry.

One-dimensional (1-D) or 0-D models (e.g. 
Hostetler 1993, Blenckner et al. 2002, Mironov 
2008) have been developed mainly for medium- 
and small-sized lakes. Such models need much 
fewer external data, but these are studied much 
less than large lakes and measurements for the 
lakes in this size range are rarely available. 
Besides, there are plenty of small- and medium-
sized lakes, which makes the problem of external 
data much more pronounced.

For global atmospheric models, any physi-
ographic data set should naturally be global. As a 
rule, fine-scale atmospheric models are regional, 
but they need to be applicable over any area of 
the globe. This means that ideally they need a 
global physiographic data set as well. This also 
applies to the data set for the lake parameters. 
So, our ambition and longer-term goal, is to 
obtain a single universal and global set of the 
parameters of lakes to be utilized in atmospheric 
modeling.

There are however several questions that 
should be answered. First, which lake param-
eters should be included into the lake data set, 
and which lake parameters are essential from the 
atmospheric modeling point of view? Second, 
there is a limited amount of direct measurements 
which are not enough to cover all lakes on the 
globe. Moreover, data are spread over different 
institutions in various states: water cadastres, 
national databases, etc. and should be collected. 
Can we obtain the estimates of lake parameters 
indirectly using geological information, or some 
other information? The next question is how to 
organize the data? Should we represent differ-
ent sized lakes (large, medium and small) in the 
same way? How the lake data should be mapped, 
in other words, how we combine the lake param-
eters with the physiographic data sets commonly 
used in NWP and climate modeling? We need to 
maintain the final product, probably by adding 
new information. What data structure should 
we have to make this procedure easy? The last 
question is technical, related to data formats, 
programming tools for the code development, 
etc. This aspect may also appear to be important.

The development of an external parameter 
data set for the parameterization of lakes is a big 
task, it requires plenty of technical work. The first 
steps towards this goal were performed within 
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the framework of the INTAS innovation project 
05-1000007-431 and in cooperation with Con-
sortium for Small-scale Modeling (COSMO). 
As a result of these projects, an external param-
eter data set for lakes and mapping tools were 
developed. This data set was designed for the 
COSMO NWP model (Doms and Schattler 
1997) with the Freshwater Lake model (FLake) 
(Mironov et al. 2007, Mironov 2008) used as a 
lake-surface parameterization. The experiments 
were also performed with the High Resolution 
Limited Area Model (HIRLAM) (Undén et al. 
2002) and with some other models (Samuelsson 
et al. 2010). The experience obtained is pre-
sented below. In addition, a system generating 
initial fields for time-dependent lake variables 
was developed.

Methods

Lake parameters needed for an 
atmospheric model

An atmospheric model is usually interfaced with 
the underlying surface scheme in the follow-
ing way: the atmospheric model provides the 
atmospheric state and needs the surface fluxes 
which are then used as boundary conditions for 
radiation or turbulence scheme. These fluxed can 
be computed by the atmospheric model using 
surface temperature and moisture provided by 
the surface model (including the lake model). 
Consequently, the surface temperature produced 
by the lake model is of special interest, being an 
interface between the lake model and the atmos-
pheric model.

To find the external parameter(s) which have 
the strongest influence on the simulated lake sur-
face temperature, sensitivity tests with the lake 
model FLake were carried out. The FLake model 
has been developed primarily for medium- and 
small-sized lakes, and atmospheric forcing for 
the sensitivity tests was provided by meteoro-
logical data from an observation campaign for 
Lake Erken, a medium-sized lake. Lake Erken is 
located in Sweden, to the north of Stockholm. It is 
more or less a typical, boreal lake, representative 
of the Scandinavian climate. Observations were 
available from May 1989 to October 1990, so the 

time scale of one year was considered. The main 
FLake parameters to test were the mean depth 
of the lake and the optical properties (extinction 
coefficient). The results are presented and dis-
cussed in detail in Kourzeneva and Braslavsky 
(2005). The mean depth of a lake turned out to be 
the crucial parameter in the studied context, while 
the optical parameters of the water appeared to be 
less important. This conclusion is only reasonable 
for the conditions and time scale considered. In 
principle, for other geographical conditions, other 
time scales or considering other simulated lake 
characteristics like the lake bottom temperature, 
the conclusions may differ.

The main lake parameter therefore needed by 
the lake parameterization scheme in atmospheric 
models is the lake depth. For the FLake-based 
parameterization, it is the mean depth of a lake. It 
is reasonable to apply the 0-D lake model FLake 
for small- and medium-sized lakes, and it is natu-
ral to characterize them by the mean lake depth. 
Concerning large-sized lakes, they can be hardly 
characterized by their mean depth because of a 
possible significant variation in bathymetry. The 
model errors of 0-D or 1-D lake models applied 
for a large-sized lake may also be significant. But 
in this study we used the mean lake depth to char-
acterize all lakes, even large-sized ones.

The lake fraction is another lake-related 
parameter necessary for atmospheric modeling. 
The lake fraction is the part of an atmospheric 
model grid box covered with lakes. Naturally, 
we need this if the tiling approach is used, but 
even without tiling, we use the lake fraction to 
construct the lake mask.

Sources of lake-related information

Here, we rely on the mean lake depth data 
from hydrological institutions of different Euro-
pean countries. For lakes outside Europe, we 
use information of the International Lake Envi-
ronment Committee. This information comes 
mainly from direct hydrological measurements 
and hydrological soundings, except for the data 
for Sweden, as it includes also rough estimations 
from geological conditions.

The data for Europe were collected from 
national lake databases and from water cadas-
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tres of different European countries, including 
Norway, Sweden, Finland, Russia (and former 
Soviet Union), Poland, Germany, Austria, and 
Switzerland. Different organizations kindly pro-
vided the data, mainly through personal commu-
nication. In contrast to Europe, data for the rest 
of the world are much poorer.

The data were preprocessed, e.g. transferred 
from national coordinate systems to geographi-
cal coordinates. Many errors were corrected. 
Sometimes there were gaps in the data, e.g. 
information about mean lake depth was miss-
ing. For such lakes, a default value of 10 m was 
assigned by the mapping software package (see 
below).

Finally, the Hydrological Lake Dataset was 
created. For the lakes included, it provides the 
following information: geographical coordinates 
(of a point on the water surface), the mean depth 
of a lake, the maximum depth of a lake and the 
lake area when available, the lake name and the 
country where the lake is located. Lakes with the 
surface area of more than 1 km2 are included. 
The dataset is presented in an ASCII format, it 
contains the data and metadata (metadata indi-
cate the origin and sources of data for every 
country). No specific database software tools 
were used.

We characterized the lake location by the 
coordinates of only one arbitrary point on its sur-
face. The form of the lake is considered by the 
mapping algorithm, which processes these data 
later (see below). Presently the Hydrological 
Lake Dataset comprises about 9500 lakes.

Mapping the lake information

For mapping, a map per se is needed as well as 
a tool to combine the lake information with the 
map. The final purpose of mapping is to obtain a 
map with the lake depth specified. This informa-
tion needs also to be projected onto an (arbitrary) 
target grid and a domain of an atmospheric model.

map — dataset for ecosystems

For this study it is natural to use for map-
ping such an ecosystem dataset which is already 

widely used in the atmospheric modeling. We 
used the Global Land Cover Characteristics 
(GLCC) dataset of the U.S. Geological Survey. 
In principle, other datasets also may be used for 
mapping, e.g. the ECOCLIMAP dataset (see 
Masson et al. 2003). Usually the main source of 
information for the ecosystem datasets is space-
born measurements. Also maps and atlases, 
including those which have been digitized, are 
used. Space-born measurements are processed 
automatically using statistical methods. Hence, 
there are errors and uncertainties in the final 
products. The dataset for ecosystems provides a 
map, where every pixel is classified according to 
its ecosystem. The resolution (size of the pixel) 
of GLCC dataset is 1 km, the coverage being 
global. To identify lakes, we used the ecosystem 
denoted as “inland water”. This was not entirely 
correct, as not only lakes, but also rivers are 
referred as “inland water” in GLCC. The same 
problem appeared with inland seas (like the 
Black Sea), and fjords, but these mistakes were 
corrected automatically by the mapping software 
package developed (see below).

We assumed that a lake on the map is a set 
of conterminal pixels with the “inland water” 
ecosystem type. In other words, the conterminal 
“inland water” pixels form one lake on the map 
which we call a “spot-lake” in order to distin-
guish it from real lakes and from lakes listed in 
the Hydrological Lake Dataset. Note that here 
we consider a map, and not yet the atmospheric 
model grid. The map represents the highest level 
of the horizontal resolution available. We actu-
ally combine the contaminant pixels into one 
large lake on the grid with the highest available 
resolution.

There are millions of “spot-lakes” in the 
global ecosystems dataset. Most of them corre-
spond to real lakes. But rivers show up as chains 
of lakes (Fig. 1). Then, the erroneous small lakes 
(artifacts) may exist or some real small lakes 
may erroneously disappear, and the coastline 
may be erroneous. The situation may be illus-
trated by the comparison of the maps from two 
ecosystems datasets, GLCC and ECOCLIMAP. 
The versions of a map from GLCC and from 
ECOCLIMAP datasets for the Karelian Isthmus 
region are presented (Figs. 2–3). The coastline 
of Lake Ladoga differs in the two datasets, as 
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well as the size and the form of small lakes and 
islands. Some small lakes exist on the one ver-
sion of a map and do not exist on the other.

combining the hydrological lake Dataset 
with the map

Combining information from two datasets means 
that we should find the correspondence between 
lakes listed in the Hydrological Lake Dataset 
and “spot-lakes” from the ecosystem dataset. In 
practice, the problem has two aspects: the meth-
odological aspect and that connected with code 
development.

The basic idea for choosing an appropriate 
methodology was that both the Hydrological 
Lake Dataset and the ecosystems dataset contain 
random errors. Hence, it was natural to use a 
probabilistic approach. In the present study, the 
probabilistic approach was used only intuitively, 
without strict quantitative justification. The pro-
cedure was reduced to scanning for some pixels 
on the map of the ecosystems dataset around the 
pixel which corresponds precisely to the coor-
dinates of the lake from the Hydrological Lake 

Fig. 3. ecoclimaP dataset, the Karelian isthmus 
region with lake ladoga (0 = land, 1 = sea, 2 = inland 
waters).

Fig. 1. Glcc dataset, the Danube region (0 = land, 1 = 
sea, 2 = inland waters).

Fig. 2. Glcc dataset, the Karelian isthmus region with 
lake ladoga (0 = land, 1 = sea, 2 = inland waters).

Dataset. If at least one pixel in the scanned area 
belonged to some “spot-lake”, the correspond-
ence between this “spot-lake” and this lake from 
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ning procedure. It may appear that no lake from 
the Hydrological Lake Dataset refers to some 
“spot-lake” (this “spot-lake” is not recognized). 
This case is the most frequent. Such “spot-lakes” 
received the default depth (10 m at present).

The code development for the mapping soft-
ware package is the task which specialists in 
atmospheric modeling are rarely faced with. So, 
the task becomes non-standard, although it is 
basically a technical problem. In this study, 
FORTRAN90 was used for the code develop-
ment. The main requirement for the software 
package is flexibility: the final product should 
be easily updated when new lakes are added to 
the Hydrological Lake Dataset. It was initially 
intended to be used by regional atmospheric 
models with a domain covering Europe.
The algorithm for the interface software package 
is the following:

the Hydrological Lake Dataset was established 
(Fig. 4).

Furthermore, random errors in both datasets 
mean that, the task of finding correspondences 
may have no solution or may have more than one 
solution. It may happen that no “spot-lake” corre-
sponding to the lake from the Hydrological Lake 
Dataset (even with the scanning procedure) is 
found. In practice, as we are interested in finding 
the depth data for “spot-lakes”, this case is not a 
problem. It may also appear that more than one 
lake from the Hydrological Lake Dataset refers 
to some “spot-lake” (especially considering the 
scanning procedure). In this case, information on 
lake depth from the Hydrological Lake Dataset 
was averaged. The averaging included weight-
ing in proportion to appropriate lake areas. The 
highest priority was given to the lake which 
corresponded to the “spot-lake” without the scan-

Fig. 4. the map fragment 
and the fragment of the 
hydrological lake Data-
set. several bits of the 
map within the scanned 
area (the red square) 
belong to a “spot-lake”, 
so the correspondence 
between this “spot-lake” 
and lake skøvatnet from 
the hydrological lake 
Dataset is established. 
after the analysis of the 
correspondences, the 
entire “spot lake” (not only 
“inland-water” pixels in the 
scanned area) will proba-
bly receive the mean lake 
depth of 41.0 m. 

Lat. °N Long °E Mean depth
(m)

Name Country

68.760 23.680 9999Bajašjavri Norway
66.920 14.240 9999Sokumvatnet Norway
62.170 14.250 16Langsjøen Norway
69.030 17.880 41Skøvatnet Norway
61.110 10.640 9999Nord-Mesna Norway
69.720 30.360 9999Myggvatn Norway
68.130 16.010 9999Kilvatnet Norway
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Step 1 We number all the “spot-lakes” on the 
map, so every “spot-lake” receives an 
identification number (ID). This step is 
the most difficult in the code develop-
ment. The specific programming recipes 
rarely used in the domain of atmospheric 
modeling are necessary here. In FOR-
TRAN90, one can use either derived data 
types with self-pointers (a chain of point-
ers) or recursive functions. Here, we use 
the chain of pointers method (the expla-
nation can be found e.g. in Barteniev 
2000). As a result, we obtain IDs of the 
“spot-lakes” in every pixel of the map.

Step 2 We establish links (correspondences) 
between the lakes from the Hydrologi-
cal Lake Dataset and the “spot-lakes” 
identified by the IDs. For each lake from 
the Hydrological Lake Dataset, we find 
the appropriate pixel on the map using 
the coordinates of a point on its surface. 
If it is the pixel with non-zero “spot-
lake” ID, we establish a link between 
this “spot-lake” and this lake from the 
Hydrological Lake Dataset. The scan-
ning procedure is used at this step. As a 
result, for every “spot-lake” marked with 
the ID we obtain the link (or links) for 
the lake(s) from the Hydrological Lake 
Dataset. If no lake from the Hydrologi-
cal Lake Dataset refers to the “spot-lake” 
in question, it means that this “spot-
lake” is not recognized, and the empty 
link is established. So, every “spot-lake” 
marked with its ID receives at least one 
link, empty or not.

Step 3 We analyze links for every “spot-lake” 
marked with its ID. If there is only one 
link to some lake from the Hydrological 
Lake Dataset, we use the mean lake depth 
value of this lake. If there is more than 
one link, we average the appropriate data 
(see above). If the link is empty, we use 
the default value for the mean lake depth. 
Then we set the mean lake depth value 
for every pixel of this “spot-lake”. As 
a result, we obtain the mean lake depth 
values for every pixel of the map. In the 
other words, we construct a “mean lake 
depth field” on the very fine 1-km grid.

The efficiency of the described mapping 
technology is illustrated in Figs. 5–6. Blue pixels 
are “spot-lakes” linked to the lakes from the 
Hydrological Lake Dataset. These “spot-lakes” 
received the real mean lake depth from there. 
Green pixels are “spot-lakes” linked to the lakes 
from the Hydrological Lake Dataset but the 
mean lake depth information was missing there. 
These “spot-lakes” were recognized, but they 
received the default value for the mean lake 
depth. Red pixels are zero-linked (not recog-
nized) “spot-lakes”. Two examples are given, 
for the region in Norway and for the region in 
northern Russia. The efficiency of the map-
ping technology is quite high, but the result, 
of course, depends on data availability in the 
Hydrological Lake Dataset. Norway is the region 
with a great deal of lake data. Therefore, many 
lakes were recognized and received a real value 
of the mean lake depth (or the default value of 
the mean lake depth in the case of missing data 
in the Hydrological Lake Dataset). For northern 
Russia, the situation is less encouraging. Some 
large-sized lakes received a real value of the 
mean lake depth. However, for this region there 
is no information on small-sized lakes and even 
on one large-sized lake in the Hydrological Lake 
Dataset, hence, that those lakes were not even 
recognized.

Projecting the information onto a target grid 
and an atmospheric model domain

It is important that lakes which differ in surface 
area, mean depth — and hence in behavior 
— sometimes are located in one grid box of 
an atmospheric model grid. So, averaging the 
mean lake depth data is not desirable. But we 
can aggregate this information using a statistical 
approach, for example, using empirical Probabil-
ity Density Functions (PDFs). An additional ben-
efit from the statistical approach is a reduction of 
some random errors and uncertainties. Usually 
the resolution of an atmospheric model (target) 
grid is lower than the resolution of the map. We 
can, therefore, calculate the fractions of the lakes 
with the different depth values in every grid 
box of an atmospheric model grid and to make 
a histogram. These fractions can be interpreted 
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as the lake-depth empirical PDFs. To construct 
the empirical PDFs we used the following depth 
classes (m): 0.0, 2.0, 4.0, 6.0, 8.0, 12.0, 16.0, 
20.0, 24.0, 30.0, 36.0, and 42.0. For the grid box 
in question, the empirical Probability Density 
in each class is the ratio of the number of pixels 
with the lake depth in the appropriate class to 
the total number of pixels in this grid box. Four 
examples of the empirical PDFs for four specific 
grid boxes of the HIRLAM model (target) grid 
are presented in Fig. 7. The resolution of the 
atmospheric model grid is approximately 11 km, 
and the domain includes southern Finland and 
Karelia. The empirical PDFs in different grid 
boxes differ significantly. For example, in the 
grid box with the empirical PDF presented in 
Fig. 7a, 45% of the pixels have the lake depth 
values between 4.0 m and 6.0 m and 10% of the 
pixels have the lake depth values between 6.0 m 
and 8.0 m; other depth classes are absent, so in 
this grid box there are no lakes with other depths. 

In the grid box shown in Fig. 7b, 4% of the 
pixels have lake depth values between 8.0 m and 
12.0 m and 55% of pixels have lake depth values 
between 30.0 m and 36.0 m; lakes with the other 
depth values are absent. In the grid box depicted 
in Fig. 7c, there are only a few shallow lakes, 
and the grid box in Fig. 7d is almost totally cov-
ered by one deep lake. It is an open question as 
to which statistic should be used in order to pre-
scribe the lake depth for the model grid box in 
question. We used the mode statistic (the value 
where the histogram reaches its highest peak and 
the empirical PDF attains its maximum value, in 
the other words, the most probable lake depth).

The lake fraction in every grid box of a target 
grid is calculated in a standard way using the 
information from the map.

Results and discussion

The examples of the fields of mean lake depth 
and lake fraction are shown in Figs. 8–9, they 
were obtained using the aforementioned pro-
cedure. The mean lake depth has been mapped 
and projected onto the grid of the HIRLAM 

Fig. 6. efficiency of the mapping technology: the region 
in northern russia. colour codes as in Fig. 5.

Fig. 5. efficiency of the mapping technology: the region 
in norway. Grey: land or sea area. Blue: “spot lakes” 
which received the real values for the mean lake depth 
from the hydrological lake Dataset. Green: “spot lakes” 
linked to the lakes from the hydrological lake Dataset 
but with missing information there. red: not recognized 
“spot lakes”. “spot lakes” marked with green and red 
received the default value for the mean lake depth.
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model, rotated spherical coordinates are used. 
The domain covers Karelia with lakes Ladoga 
and Onega, and the southern part of Finland with 
hundreds of small-sized lakes. The model grid 
resolution is approximately 11 km. In HIRLAM, 
the mosaic tiling approach is used for the surface 
parameterization scheme, so that the grid square 
is divided into five surface types (tiles): water, 
ice, bare land, low vegetation and forest. This 
means that all lakes, even when the lake frac-
tion is small, will be considered. The presented 
fields can be used by the atmospheric model (in 
this example case by HIRLAM) as the external 
parameters for the lake-surface parameterization 
based on the lake model FLake.

The presence of real information (in contrast 
to the default values) in the produced mean lake 
depth field is dependent on the completeness of 
the Hydrological Lake Dataset for the region 
in question. It was a substantial job to compile 
the Hydrological Lake Dataset for 9500 lakes. 
However, this information is far from sufficient, 

as the amount of lakes in reality (and “spot-
lakes” in the ecosystem dataset) is much larger. 
Although it is a difficult task to collect informa-
tion (mainly from an organizational point of 
view), the next steps in this direction should be 
undertaken by a wider consortium. For many 
lakes in hard-to-reach regions (e.g. for Siberia) 
there are no measurements at all. However, we 
should use all information available from exist-
ing measurements.

It is rather risky to characterize the location 
of a lake by the coordinates of only one point 
on its surface, as it is done in the Hydrological 
Lake Dataset. Although the mapping algorithm 
considers the form of a lake, it only works well 
if the map resolution (the map of the ecosystems 
dataset) is sufficient. One can imagine the case 
when the lake consists of two parts connected by 
a channel which is so narrow that it not seen on 
the map. In this case, the mapping algorithm will 
provide the lake depth for only one part of the 
lake and the second part won’t be recognized. In 
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Fig. 7. the empirical Probability Density Functions (PDFs) for four specific grid boxes of the hirlam model grid. 
the resolution is approximately 11 km, domain includes southern Finland and Karelia.
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practice, this kind of case is not frequent, so that 
the one km resolution of the map is sufficient for 
our task. The most important lakes with com-
plicated forms, like Lake Balaton, do not break 
down into small pieces and hence the whole lake 
receives the mean depth.

The Hydrological Lake Dataset contains 
mainly information from the direct measure-
ments. As the direct measurements are often not 
available, indirect estimates are highly desirable. 
We can probably estimate the lake depth from 
the geological properties of its location: usually 
in mountain areas lakes are deep and in flat areas 
they are shallow. So, the estimate can be carried 
out using the variations in orography.

In principle, other datasets for ecosystems 
apart from GLCC might be used for mapping. 
For example, the ECOCLIMAP dataset may be 
used as well. This dataset is specially devel-
oped for atmospheric modeling. The problem 

will remain in distinguishing between rivers and 
lakes, and wetlands also may be a problem. The 
ECOCLIMAP map correctly specifies many wet-
land pixels which indicate swamps and marshes. 
However, the aggregation method applied to 
the ECOCLIMAP database reduces the wetland 
information to a certain water percentage in the 
atmospheric model grid box, and this water could 
be erroneously referred to as lakes. Probably, 
when applying the lake depth mapping algo-
rithm to the ECOCLIMAP map, it is also better 
to modify slightly the ECOCLIMAP aggrega-
tion method. The mapping method based on the 
probabilistic approach gives fair results. But the 
strict mathematical justification of the method 
will allow us to make its logic more clear and 
probably to make the algorithm more efficient.

The lake depth values may be very different, 
and different lakes with different behaviors may 
be located in one grid box of an atmospheric 

Fig. 8. lake fraction (0–1) for hirlam grid, the resolu-
tion is approximately 11 km, domain includes southern 
Finland and Karelia (see text for details). in this domain 
approximately 70% of grid boxes with non-zero lake 
fraction received the lake mean depth from the hydro-
logical lake Dataset.

Fig. 9. mean lake depth in metres for hirlam grid, 
the resolution is approximately 11 km, domain includes 
southern Finland and Karelia (see text for details). in 
this domain approximately 70% of grid boxes with non-
zero lake fraction received the lake mean depth from 
the hydrological lake Dataset.
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model grid. So we recommend the approach 
based on the empirical PDFs. If other lake water 
parameters, like the extinction coefficient, vary 
significantly, the same approach may be recom-
mended as well.

At present, only the mean depth of a lake is 
considered and no bathymetry data is included 
even for large-size lakes. But it is possible to 
include bathymetry data for the lakes when this 
information is available. This may be done after 
mapping, just by replacing the mean lake depth 
information on the 1 km grid by bathymetry 
data for the lake in question. Using bathymetry 
will make it possible to distinguish the differ-
ent behavior of different parts of a large-size 
lake according to depth applying a 0-D or a 1-D 
model for different lake grid-boxes with their 
individual mean depth. The bathymetry even 
may allow applying a 3-D lake model.

Technical questions are still open. We used 
traditional instruments for the domain of atmos-
pheric modeling (mainly based on FORTRAN 
coding). No special database software tools or 
Geo Informational System (GIS) technologies 
were used. They might probably help to cope 
with some problems, or at least could provide 
some practical solutions for using the collected 
lake information for applications other than 
atmospheric modeling (if any).

Initial fields for prognostic lake variables

As it was already mentioned, in NWP we also 
need data to initialize all prognostic lake vari-
ables, which are known as “cold start” data. 
For instance, the prognostic variables for the 
lake model FLake are: mixed-layer temperature, 
mean water temperature, mixed-layer depth, 
bottom temperature, shape factor, etc. So, we 
need the “climatological mean” annual cycle of 
these variables for the lakes with different prop-
erties in different geographical locations.

In this study, the pseudo-periodic regime 
approach was used to develop such a dataset. 
To achieve this, first, we start the year-long lake 
model run with arbitrary initial values of prog-
nostic variables of the lake model. We force the 
lake model by a given annual cycle of meteoro-

logical input (temperature, humidity, wind speed 
in the surface layer and radiation fluxes). After 
that, we start the next year-long lake model run 
with the initial values of the lake prognostic vari-
ables specified from the previous year-long lake 
model run. We force the lake model again with 
the same meteorological input. We repeat this 
procedure several times, and after a few model 
years (iterations) it is expected that running the 
model for one year more will not change the 
annual cycle of the lake-model variables. In the 
other words, it is expected that after a while the 
lake model will obtain a pseudo-periodic regime 
(a “perpetual year” solution). The model annual 
cycle will be the same for the two neighboring 
model years (if the iterative method converges). 
The annual cycle of the lake prognostic vari-
ables on the last iteration may be considered as a 
“pseudo-climate” of a given lake.

In our study, we used atmospheric forcing 
data (long-term monthly mean meteorological 
values) from the National Center of Environ-
mental Prediction (NCEP) Reanalysis Project 
(Kalnay et al. 1996). A linear interpolation was 
carried out to obtain a 20-min temporal resolu-
tion. This procedure is somewhat questionable, 
as we suppress the daily cycle, but the average 
energy balance for a day is described correctly. 
The NCEP reanalysis grid is, in principle, more 
coarse than the grid of any regional NWP model. 
For every grid box of the NCEP reanalysis grid, 
pseudo-periodic solutions for several lakes that 
differ in terms of mean depth (in the depth range 
from 1 to 50 m) were obtained. The result is the 
“climatological mean” annual cycle of the lake 
prognostic variables for every grid box of the 
NCEP reanalysis grid for lakes with different 
mean depths (for an illustration, see Kourzeneva 
et al. 2008). This information was then interpo-
lated to a finer regional atmospheric model grid 
considering the mean lake depth field.

The shortcoming of the pseudo-periodic 
solutions is the poor mathematical justification. 
Sometimes the lake model does not reach the 
pseudo-periodic regime, and the iterative method 
does not converge. It would be probably better 
to use the model lake climate values in usual 
sense instead of the model lake “pseudo-cli-
mate” values.
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Concluding remarks

One of the basic issues of lake parameterizations 
in atmospheric modeling, both for NWP and 
climate simulations, is the need for external lake 
parameters. The lake depth is the most important 
parameter, and this is the minimum required for 
all lake models. In some situations, the optical 
parameters may be important as well. In this 
paper, the experience of the development of the 
external lake parameters data set for a regional 
atmospheric model was described. We focused on 
the mean lake depth as the main lake parameter.

Despite the complexity of the problem, direct 
measurements of the lake depth could be col-
lected and used. When bathymetry information 
is available it should be used as well. When the 
direct measurements are absent, the indirect esti-
mates of lake depth such as geological informa-
tion or some other approach could be used.

For mapping, it is natural to use the eco-
system dataset which is already widely used 
in atmospheric modeling. In principle, different 
ecosystems datasets may be used for mapping. 
The fact that none of them distinguish between 
lakes and rivers create some problems. An extra 
difficulty may be caused by wetlands. The map-
ping method based on the probabilistic approach 
proved to be efficient, and we recommend that 
it should be developed further. The use of the 
empirical PDFs for projecting the lake informa-
tion onto the target grid of an atmospheric model 
is highly recommended. Additional software 
tools such as database management software or 
GIS might also be useful for mapping.

Also for NWP the initial fields for the prog-
nostic lake variables, namely their “climatological 
mean” annual cycles, are necessary. This informa-
tion may be obtained using the pseudo-periodical 
solutions of the lake model. The true lake model 
climatology is probably more appropriate.

We conclude that some useful steps forward 
were taken. But we still strive towards the pro-
posed goal, which is the global universal data-
base of lake parameters for the needs of atmos-
pheric modeling, with as many lakes included as 
possible.
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