Thermal characteristics of
different types of soil

By Carsten Lindemann

Vortrag gehalten auf dem XVI. OSTIV-Kongress 1981 in Paderborn.

1. Introduction

It is desirable for glider pilots planning
cross-country flight to know which areas
and types of terrain and soil are more ad-
vantageous in producing thermal con-
vection than others. Methods will be pre-
sented for getting a better understanding
in qualification and—up to a certain de-
gree—quantification of those different
types of terrain. Methods based on mea-
surements of vertical velocity are called
direct, the other ones indirect.,

2. Direct Method —Measurement of Ver-
tical Velocity

Figure 1 has already been presented in a
former paper (Lindemann, 1978). It
shows the results of 17 flights in a height
of about 150 m above ground performed
during a measurement campaign in May
1976. The percentage of meeting a ther-
mal is shown. Even under cold air advec-
tion it is very small above a lake, which is
still very cold in May, and it is high, up
to 60%, above a hill facing the sun. An
area with small lakes and relatively wet
soil has a very low percentage of produc-
ing a thermal compared with a partly
sandy moor. The relation between both
is about one to three. These percentage
relations can be expected to be valid for
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a longer period of time than the mea-
surement campaign. The relations within
each individual flight show similar be-
havior.

A very high correlation was found be-
tween the average maximum vertical ve-
locity and the average maximum temper-
ature excess for those flights indicating
the relations to vertical heat flux in a par-
ticular height. Additionally this means
that frequency of occurence of thermals
and magnitude of vertical velocity are
proportional. Taking into account mea-
surement flights of a total length of
about 2000 km, a sufficient correlation
exists between the average maximum val-
ues of vertical velocity and temperature
excess at 700 m AGL, which is much bet-
ter for all areas than the above men-
tioned.

So we used the average maximum ver-
tical velocity to qualify the sandy region
near Oerlinghausen, Germany, an arable
soil region south of that sandy region
which reaches Paderborn, and an arable
soil region north of Oetlinghausen. An
average maximum vertical velocity (36
flights) of 4.3 m/s was found for the Oer-
linghausen area, of 3.0 m/s for the south-
ern region, and of 2.7 m/s for the north-
ern region. The maximum value of verti-
cal velocity of all three areas was not al-
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Fig. 1 Percentage of probability of meeting a thermal. Results of 17 flights from Gau-
ting to Farchant from 5th to 11th of May, 1976.
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Fig.2 Daily energy balance during clear
days only with small winds at Quickborn
(after Frankenberger).

Tiglicher Wirmeumsatz an klaren, wind-
schwachen Tagen zu Quickborn in Hol-
stein (nach Frankenberger).

ways found in the Oerlinghausen area,
sometimes it occurred in the second area,
but never in the last one, which clearly
could be identified as the thermally
weakest of those three neighbouring
areas.

3. Indirect Method : Qualification of Soil
Characteristics of soil allowing conclu-

Thermische Eigenschaften
verschiedener Boden- und
Vegetationstypen

Es ist winschenswert und notwen-
dig, dass Segelflieger bei der Pla-
nung von Uberlandfligen wissen,
welche Gebiete sich hinsichtlich Bo-
denart, Bedeckung, Bewuchs, oro-
graphischer Struktur usw. fur die Ent-
wicklung von thermischer Konvektion
eignen und welche nicht. In den fol-
genden Ausfihrungen werden 2 Me-
thoden beschrieben, die eine besse-
re qualitative Abschatzung ermogli-
chen und bis zu einem gewissen
Grad auch eine quantitative Beurtei-
lung verschiedener Bodentypen er-
lauben. Es ist dies einmal die direkte
Methode lber die Messung der Ver-
tikalgeschwindigkeit des Segelflug-
zeuges: zum andern erfolgt eine indi-
rekte Betrachtung der physikalischen
Eigenschaften des Bodens und der
Vegetation unter Anwendung der
Energiebilanzgleichung am Erdbo-
den.
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Fig.3 Evapotranspiration of oats, potatoes, bare soil and erica.
Evapotranspiration von Hafer, Kartoffeln, Brachland und Heide-
kraut (nach/after Liitzke [1961-1965], Eberswalde).

sions of thermal strength have often been
mentioned in the literature and are well
known among advanced glider pilots. A
first thermal map was published by Kott-
meier et al. (1980), who evaluated the ex-
perience of pilots during their cross-
country flights in combination with soil
characteristics. Soil types can be distin-
guished as sandy, loamy, and clayish de-
pending on granulation or resulting
from of biological forces. Then we call it
podsol, brown earth, or fen for example.
But first we have to look for the physical
principles determining the vertical flux
of sensible heat, which is the source for
thermal convection. The energy balance
equation for the surface is:

S=B+L+V,

where

S: radiation balance at the ground,

B: heat flux into the soil,

L: sensible heat flux from the surface to

the atmosphere, and

V: latent heat flux, which is proportional

to evapotranspiration. L is that part of

this balance equation, which is finally re-

sponsible for thermal convection energy.
Figure 2 shows an example of mea-

surements of all terms of this balance

equation for clear days with light winds

over grass at Quickborn, Northern Ger-

many (after Frankenberger, 1955). La-

tent heat flux is the dominant term in

summer and autumn, whereas heat flux

into the ground and sensible heat flux in-
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to the atmosphere are of secondary or-
der.

Thus it is necessary to know the fac-
tors determining latent heat flux. Figure
3 shows measurements of average evapo-
transpiration of oats, potatoes, erica,
and bare soil, all on sandy ground at
Eberswalde near Berlin (Liitzke, 1969a).
There it is pointed out that the soil itself
probably has a minor influence on latent
flux compared with vegetation. The
evapotranspirationrates of bare soil and
oats differ up to a factor of three. Addi-
tionally it clearly depends on the season.
Qats, as many other grains, have a maxi-
mum evapotranspiration in June and Ju-
ly during earing, while potatoes and sug-
ar beets have their maximum water con-
sumption in July and August. Sandy
ground is best represented here by bare
soil, but knowing that more than 90% of
Central Europe is covered by vegetation,
investigations about latent heat fluxes
must include vegetation characteristics.

Blaney and Criddle (1970) have devel-
oped a relation which gives the monthly
water consumption for different field
products as a function of their growth
period, when optimal crop is expected. It
can be computed from mean monthly
temperature and mean monthly daylight
hours for any place, but it turned out to
give too large values for areas outside ar-
id climates. Other methods for comput-
ing water consumption or potential
evapotranspiration have been developed

Weizen dz/ha - wheat
———— Roggen dz/ha -rye
Kartoffeln t/ha - potatoes

Fig.4 Crop of different types of soil (after Sagawe).
Ertragsleistung verschiedener Bodenarten (nach Angaben von Sa-

by Penman, Haude, Thornthwaite (see
Schendel, 1967) and others, who partly
consider water vapour gradient and
wind additionally. The following growth
rate factors from Blaney and Criddle
(1970) are cited here to show the rela-
tions between different kinds of vegeta-
tion in spite of their water consumption
and thus their evapotranspiration:
Grains from 1.0to 1.1, potatoes 1.15, sug-
ar beets 1.25, and pasture grass 1.35.

As the availability of water for vegeta-
tion is dependent on the type of soil, and
thus of its water table, relative figures
only count for the same type. Figure 4
shows the different kinds of vegetation
growing on different types of soil and
the corresponding height of the crops. It
follows that maximum crop can be
found in loamy earth for all types men-
tioned. Sugar beets have only a small
range of fertility, while rye and potatoes
can be planted into all kinds of those
soils although minor crop can be expect-
ed for more sandy and more clayish soil.
Besides relations in very clayish soil, lit-
erature (Klapp, 1967, Becker, 1961,
among others) tries to prove a fruit spe-
cific constant relation between dry con-
tent of fruit and water consumption.

It is important to look for seasonal
vegetation, even if it covers only 30% of
the total area of the Federal Republic of
Germany for example. After Bechtel
(1971) these seasonal vegetations evapo-
transpirate about 45% of the total preci-
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pitation per year, while pasture and
other grasses (27% of area of the FRG)
evapotranspirate about 60% of precipita-
tion. The percentage of buildings,
streets, and bare soil is 13% of area and
30% of precipitation and of forests 28%
of area and the large amount of 70% of
precipitation, which is hardly smaller
than the evaporation of 75% of water
surfaces. This survey shows that we can-
not restrict ourselves to small vegetation
such as root crops, grains, and fruit, but
we have to consider forest evapotranspi-
ration, too. Measurements are very rare
in the literature, because they are very
expensive.

Tajchmann (1967) compares the terms
of the energy balance equation for alfal-
fa, potatoes, and spruce forest in Bavar-
1a, all on similar types of soil (Figure 5).
There spruce forest has the largest flux of
sensible heat for all times presented, and
alfalfa, which is known as very water-
consumptive, the smallest. Potatoes,
shown here during the period of their
highest consumption, evapotranspirate
nearly as much as spruce forest, but have
a lower flux of sensible heat, because of
their larger albedo. This can be seen
from the lower radiation balance.

Liitzke (1969b) found that a pine for-
est of an age of 28 years evapotranspira-
tes much more than pasture grass and
additionally has a larger flux of sensible
heat, resulting from its smaller albedo.

Further direct measurements compar-
ing different types of vegetation at the
same time and site are not known to the
author. So we try to make a comparison
between measurements, which are made
at different times, different synoptic situ-
ations and at different places.

Berz (1969) made long-time measure-
ments of the terms of the energy balance
equation in pasture grass, Kiese (1972)
investigated a beech forest, and Schott
(1980) made measurements in a pine for-
est. We will now try to generalize the
above results.

The percentage of sensible and latent
heat in the radiation balance is comput-
ed for the daylight hours between 8 and
17 hours (MEZ). Figure 6 shows results
of the comparison: Grass has a latent
heat flux of about 60% averaged for
April until September and a sensible
heat flux of only 21%. Beeches have a
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larger percentage (62%) of latent heat
flux but also a larger flux of sensible heat
(29%), resulting again from the smaller-
albedo of forests. Pine forests differ very
much from grass and even from beeches:
They need 50% for evapotranspiration
and 41% for sensible heat flux. Minimum
evapotranspiration of forests and there-
fore maximum sensible heat flux for all

meal em =2 min-!

three kinds of vegetation is found in
April and May, with large seasonal vari-
ations for forests. A second minimum of
evapotranspiration is found in August.
Let us consider the relation between sen-
sible heat flux and thermals in this con-
text.

Let us define a thermal such that it has
a path length of more than 100 m with a
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mean vertical velocity of more than 1.5
m/s. The author has shown in an earlier
paper (Lindemann, 1978) that a thermal
defined this way has a vertical flux of
sensible heat of 1 cal/cm?/min at 100 m
above ground level. We found that in
this low altitude about 20% of the area is
filled by thermals. That means that a
minimum flux of sensible heat of at least
200 mcal/cm?/min is necessary to keep
up a field of thermals. For beech forest
this value was exceeded from May to Au-

gust only 13 times at 12.00 h MEZ and
for grass only 5 times. The pine forest,
however, exceeded the threshold value
from April to August between 11.00 and
14.00 hours MEZ in the monthly mean
heat flux.

4. Summary of Vegetation Studies

It has been worked out that evapotranspi-
ration of vegetation has a decisive influ-
ence on the energy balance at the sur-
face. It must be pointed out, neglecting
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heat flux into the ground for a moment,
that high evapotranspiration means low
sensible heat flux and thus less thermals.
These results have been collected from
very different sciences such as hydrolo-
gy, forest hydrology, agronomy, and, of
course, meteorology. The relations of
evapotranspiration of different field
products are very clear, when they are
planted in the same type of soil. Many
field products can grow in a large range
of soil quality and it happens that vege-
tation with relatively low water con-
sumption compared to other kinds, will
evapotranspirate more on wet soil than a
field product with high water consump-
tion on dry soil. But we have seen that
some species have a very small range of
usable soil. So we have to keep in mind
that for most kinds of vegetation a wide
range of possible evapotranspiration
rates exists. But on the other hand farm-
ers are interested in getting big crop, so,
whenever possible, they will plant field
products which are most efficient on the
farmland available. There exists a rela-
tionship in literature (Klapp, 1967) be-
tween the percentage of available farm-
ing land of a special soil type and the dif-
ferent field products planted on it. There
it follows that grassland occupies mostly
clayish and wet soil type, whereas sugar
beets, which are highly water-consump-
tive, are seldom found on sandy soil and
podsols. Sandy podsols are covered by
vegetation only by 75%, whereas 25% are
bare soil.

Figure 7 represents a compilation of
all results collected from Becker (1961),
Berz (1969), Brechtel (1971), Blaney and
Criddle (1970), Klapp (1967), Kiese
(1972), Liitzke (1969a, b), Schott (1980),
and Tajchmann (1967), for Central Eu-
ropean conditions for the period from
April to August. The vertical axis shows
the evapotranspiration in mm/month.
The figures exhibit the range of a single
species. The area corresponding to each
species is subdivided into clayish, loamy
and sandy, and is proportional to the
area coverage. Bare soil, as already men-
tioned, is mostly found on sandy pod-
sols, potatoes have a wide range of possi-
ble types of soil, while sugar beets with
high evapotranspiration are mostly
found in loamy soil. Forests have a very
wide range of evapotranspiration. Clear-
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ings in forests have a very low evapo-
transpiration and are even better for
producing thermals than bare sandy
podsols because of their smaller albedo.
The denser a forest, the larger the evapo-
transpiration.

A very high amount of evapotranspi-
ration of forests is due to evaporation of
intercepted rain, which is caught by the
tree tops and therefore without interfer-
ing with the ground. High seasonal water
consumption of vegetation species is
shown at the top of the figure, low con-
sumptions at the bottom. Near the verti-
cal axis some typical soil types are
named, which cover the surface of North-
ern Germany.

5. Construction of a Thermal Map

Regarding Figure 6 we see for most vege-
tation species a wide range of thermal
qualities. So we have to restrict our con-
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Fig. 8 Qualification of soil for development of thermal convec-

tion.

siderations to those species, which exhib-
it a small range. On the left side we see
that podsols have a very large percentage
of bare soils which consume only little
water. So we expect them to be highly ef-
ficient at producing thermals. On the
other side we see that sugar beets and
grassland have a small range only at the
thermally poor side.

Loamy soil is usable for all kinds of
field products with high crops. Clayish
soil is mostly covered by permanent
grassland and fruits. Podsols—with a
high percentage of bare soils—are de-
picted in Hollstein (1963).

Soils unfavourable for thermal devel-
opment can be found in “Atlas der
Agrarlandschaften, Teil I, Blatt I”,
which exhibits permanent grasslands
and favourable arable soil which in gen-
eral is loamy. A wide range of areas is
called partly favourable for field pro-

D starker Anbau

D weniger starker Anbau - less high cultivation

A

Die Qualifikation des Bodens fiir die Erzeugung thermischer

Konvektion.
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- high cultivation

ducts, which means that the soil is not so
efficient because of different reasons,
which can be a water table too low for
demanding field products such as sugar
beets and oats. Aiming at a better qualifi-
cation for that white area (Figure 7) one
must get to know the kind of vegetation
growing there and its density. Knowing
that farmers are forced to practice rota-
tion of crops, we cannot expect a map to
be valid for all times.

Figure 8 is the summary of thermally
good areas - podsols - and of thermally
poor areas - permanent grassland and
soil most favourable for farming. Know-
ing that sugar beets are highly water-con-
sumptive, we can compare Figure 8 with
the map of cropping (Atlas der Deut-
schen Agrarlandschaft, Teil I, Blatt 11I),
where we find the areas with dense and
less dense cropping of sugar beets. Fig-
ure 9 shows that the areas occupied by

of sugar beets

of sugar beets

Fig.9 Cultivation of sugar beets/ Anbau von Zuckerriiben.



sugar beets fit very well with the most fa-
vourable cropping areas (and thus less
favourable for thermals) of Figure 8. We
keep in mind that these arguments are
rather qualitative than quantitative.

6. Evaluation of Flight Logs from Differ-
ent Gliding Fields

It is known qualitatively that the first
thermal flight of the day in a thermally
good area is earlier than in a thermally
poorer area. The last thermal flight in the
former is later, the thermals are stronger
and often more frequent.

So it is interesting to know whether
such data can be derived from standard
flight logs of active clubs. An investiga-
tion was made for 1979 and 1980 for the
gliding fields at Oerlinghausen and Pa-
derborn (see below) about 30km from
each other. A flight is defined a thermal
flight when it is started by a winch and
lasted more than 12 minutes. A take-off
by aerotow is not used for these investi-
gations because of its larger possible
range and height.

It follows from the data that the first
flight in thermals is 40 minutes later at
Paderborn and 16 minutes later at Oer-
linghausen than the ideal of both. It must
be mentioned that only those days are in-
cluded, where active flying by winch
took place at both places for the whole
day.

Place Pader-  Oerling- Number
born hausen  ofdays

1.flight 44 19 42

1979

1.flight 37 12 37

1980

sum 40 16 79
79/80

Table 1 Mean time differences (min-
utes) between the first thermal flight of
two places.

Similar evaluation of last flights shows a
very high standard deviation for both
areas, so that statistical considerations
must be regarded with caution. Experi-
ence often tells that on some days clubs
stop flying before thermals have disap-
peared completely. Comparing all data
of both areas—only the days when all
clubs under consideration were active—
there is an advantage for Oerlinghausen.

The average time difference between
Oerlinghausen and Paderborn for the
first thermal flight of a day is about half
an hour. To the present state of knowl-
edge it can be assumed that cold air ad-
vection reduces time differences.
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