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Physiographic zones of the Earth are “major units of
the geographic (landscape) sphere, which give way to
each other in a regular and definite order depending
mainly on the ratio of heat and moisture” [1]. The rise
in the Earth’s annual mean temperature recorded for the
instrumental observation period [2] may provoke varia-
tions in the global distribution of the heat/moisture ratio
and, as a consequence, in displacement of the position
and configuration of physiographic zones. The varia-
tions may be accompanied by negative socioeconomic
impacts. To minimize the negative consequences, it is
expedient to carry out a timely forecasting based on
data of the space monitoring of physiographic zones.
Such monitoring requires analysis of a giant body of
data. Therefore, it is necessary to elaborate automatic
methods for the mapping of these zones by using satel-
lite-borne survey.

Currently, several quantitative criteria (indices) have
been suggested to identify physiographic zones, e.g.,
Budyko’s radiational aridity index [3], which character-
izes the ratio between the annual radiation balance and
annual precipitation. The space version of this method
is limited by the need for obtaining continuous year-
long series of observations over elements of the radia-
tion balance of the day surface and atmospheric precip-
itation. Cloudiness prevents the recording of such con-
tinuous series. Therefore, we have studied the
possibility of applying another method for monitoring
the position of physiographic zones, namely mapping
of the thermal inertia of the Earth’s surface based on a
satellite-borne thermal survey data [4–11].

 

1

 

 

 

1

 

Thermal inertia 
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 is the resistance of a surface to heating (or cool-
ing) under the influence of a periodic heat source. 
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The method we applied for the remote mapping of
thermal inertia (TI); daily mean evaporation rate (ER)
from the Earth’s surface, mm/day; and heat flux (HF),
W/m
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 involved the mathematical model of the daily
variation of the Earth’s surface temperature (ESTs)
[10], which took into account basic factors affecting the
EST formation. The model has the following assump-
tions: the metrological conditions and concentration of
optically active gases in the atmosphere within the
whole area under study are identical; emittance, albedo
of the Earth, and TI do not vary during the whole period
of the satellite-borne thermal survey.

To determine TI and ER, we carried out the thermal
multispectral space survey for 3–10 days under stable
meteorological conditions in the absence of rainfall in
order to characterize the daily EST dynamics more
completely. Moreover, mapping of TI and ER was
based on the following parameters of routine expedited
meteorological observations over parameters involved
in the mathematical EST model: total solar radiation;
air temperature, moisture, and wind velocity at a height
of 2 m above the surface; atmospheric pressure; and
cloudiness.

To solve the inverse problem, we performed mathe-
matical EST modeling for all possible combinations of
TI, ER, HF, and albedo, i.e., the “library” of ideal ESTs.
Then, the measured EST values were compared to ideal
values. The TI and ER values sought were deduced
from the assigned fitting criterion of measured and
ideal EST values. Algorithm errors of solving the
inverse problem are given in the table.
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Errors of remote measurements of HF, TI, and ER

Cause of errors

Systematic
error

Root-mean-
square error

TI,
TIU

ER,
mm/day

TI,
TIU

ER,
mm/day

Algorithm discontinuity 
and EST modeling error

130 0.3 100 0.1
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For remote TI and ER mapping, we used digital data
on the thermal and multispectral survey obtained by the
NOAA (AVHRR) satellite system. The satellites satisfy
the demands of the above-mentioned limitations in the
survey. The AVHRR scanner has a complete meteoro-
logical basement. Software packages are available for
consideration of the atmospheric influence and prelim-
inary geometric corrections based on ballistic data.

Using the above-mentioned method, we compiled
digital TI and ER maps (geometric resolution ~1 km,
total area ~2.5 · 10

 

6

 

 km

 

2

 

). The distribution of these
characteristics was plotted in TI–ER coordinates for the
major physiographic zones of Russia (Figs. 1, 2).

The analysis of the results shows that physiographic
zones occupying the largest territories in Russia differ
in TI and ER (Fig. 1). For instance, the taiga zone is
characterized by high values of TI (1500–4500 TIU)
and ER (4–8 mm/day). The forest-tundra zone bound-
ing the taiga zone on the north has low values of TI
(250–3000 TIU) and ER (0.5–5 mm/day).

 

2

 

 TI values
for the taiga zone differ from those for the steppe zone
(500–2000 TIU).

We should emphasize the difference in TI and ER
values between the taiga zone and forest-taiga subzone,
because the common criteria (indices) are inefficient in
the polar region [1].

TI values for the steppe zone (from ~500 to 2000 TIU)
have one mode in the 1000 TIU region (Fig. 2), while
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Extremely low TI values in individual forest-tundra areas are
likely to correspond to territories covered with reindeer moss,
which is an air-dry substance and, therefore, should yield low TI
values.

 

ER values show bimodal distribution with maximums
at 3 and 5 mm/day. Such a distribution is likely to
reflect the difference in ER values for natural territories
and irrigated areas, where ER values should be higher.

The analysis of spatial and seasonal variations in TI
and ER values for the steppe zone (Fig. 2) showed that
they are sufficiently stable in both space and time, sug-
gesting that TI and ER can be used as the information
base for mapping physiographic zones.

Thus, the results of our study showed that the steppe
and taiga zones, as well as the forest-tundra subzone,
have different TI and ER values. Therefore, we can
identify such zones based on the satellite-borne map-
ping of these characteristics. It should also be noted that
the TI and ER domains of these physiographic taxons
do not intersect (Fig. 1). Therefore, we can elaborate
the algorithm for the automated mapping of physio-
graphic zones based on data of space thermal and mul-
tispectral surveys. We emphasize that the satellite-
borne TI and ER mapping requires a rather short period
of cloudless weather (3–10 days). This is a substantial
advantage over the conventional method based on
annual mean values of the radiation balance and precip-
itation.

Hence, we can make the following conclusions:
(1) TI and ER values of individual territories of a single
steppe zone vary slightly both within the whole zone
and within the warm period of the year. Therefore,
these characteristics can be used for the identification
of physiographic zones; (2) physiographic steppe and
taiga zones, as well as the forest-tundra subzone, are

 

Fig. 1. 

 

Distribution of thermal inertia (TI) and daily mean moisture evaporation rate (ER) from the surface for the physiographic
steppe–taiga zones and forest-tundra subzone (based on space mapping). (
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) Forest-tundra, northern part of West Siberia, mid-July,
2002; (

 

2

 

) taiga, Leningrad oblast, end of May, 1992; (
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) steppe, southern part of West Siberia, Kurgan district, mid-July, 2002.
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characterized by different TI and ER patterns. There-
fore, such zones can be mapped by the method of auto-
mated satellite-borne thermal multispectral survey.
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Fig. 2.

 

 Distribution of thermal inertia (TI) and daily mean
moisture evaporation rate (ER) from the surface for the physi-
ographic steppe zone (based on satellite-borne mapping).
(
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) Steppe between lower courses of the Don and Volga rivers,
end of May, 1995; (

 

2

 

) steppe between lower courses of the
Volga and Ural rivers, end of May, 1995; (

 

3

 

) steppe, southern
part of West Siberia, Kurgan oblast, mid-July, 2002.
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