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ABSTRACT 

 

 The article deals with issues of using the satellite SPOT-4 high-resolution images (France) for estimation of soil hydro-physical 

parameters of main zonal soils of the East and the South of the European Russia. The system is based on qualitative and quantitative 
correlation of soil hydro-physical properties with availability of soil moisture for crops with spectral brightness of satellite images in 

different spectral channels. The article proves the principal possibility of using of the data of remote sensing of the Earth for indirect 

definition of hydro-physical characteristics of soils. Based on the data on spectral brightness of soils for the reference sites with close 

correlation with some hydro-physical parameters we established standards of spectral brightness for corresponding hydro-physical pa-

rameters of zonal soils of the European Russia. Using the abovementioned reference data on spectral brightness it is possible to define 

sites of soil cover with corresponding hydro-physical characteristics remotely. Such information is demanded for forest and rural econ-
omy. 

 

Key words: Hydro-physical parameters of soils; space pictures of the Earth, spectral brightness of soils, soil sampling. 

 
 

 Nowadays they generally use chemical and 

physicomechanical properties to assess qualitative 

condition of soils. These methods, along with all 

their advantages (reliability, accuracy, etc.) possess a 

number of essential shortcomings. First of all, it is 

their larger labor input and impossibility of express 

definition of qualitative characteristics. Steady-state 

conditions and laboratory with expensive equipment 

are required for their realization. Secondly, chemical 

and physicomechanical research techniques do not 

give the complete picture of the phenomena occur-

ring in soils, meanwhile moving of soil moisture, its 

energetic state and availability for plants have very 

important, if not fundamental value. Modern 

geoecological science pays poor attention to this fact. 

Leading scientists point to limiting value of this fac-

tor in activity of ecosystems [1].  

 Today there are rather well developed methods 

of determination of hydro-physical and energetic 

properties of soils, in field conditions, too [2-4]. 

Some methods of determination of chemical and 

physicomechanical properties of soils by remote-

sensing tools [5] are also well developed. Methodical 

approaches to determination of hydro-physical and 

energetic properties of soils according to remote 

sensing of the Earth do not exist now. Development 

of these approaches will allow using the modern re-

mote-sensing instruments of the Earth, first of all 

space pictures for definition of a qualitative condition 

of soils in the environment, from dynamics of ener-

getic condition of moisture in them. Similar data are 

necessary for many branches of the national econ-

omy of the country, first of all, for the forest and ru-

ral economy.  

 

Material and Methods 

 

 For definition of hydro-physical properties of 

zonal soils of the European Russia, we chose testing 

areas in various soil and landscape zones of the 
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European territory of Russia [6-9]. We took samples 

of undisturbed addition and defined hydro-physical 

properties (volume weight, particle density, volume 

humidity, void space, permeability coefficient, vol-

ume specific surface area, volume specific energy) 

on the chosen testing areas. Further we selected ma-

terials for remote sensing of the Earth, suitable for 

definition of a qualitative condition of moisture in 

soil. Proceeding from references [5, 10] for this pur-

pose we chose the data from the SPOT 4 satellite 

coinciding with time of sampling (1
st
, 2

nd
, 3

rd
, 4

th
 

channels for July-August, 2010). General specifica-

tions of this satellite are provided in table 1. We re-

ceived coefficients values of spectral brightness for 

all points of sampling by means of the program 

ScanEx Image Processor v. 3.0 for the Earth remote 

sensing data processing. Further all data file was in-

tegrated in one attributive table; we received values 

of correlation between coefficients of spectral 

brightness of soils and hydro-physical properties at 

the final phase. 

 
Table 1: General specifications of Spot-4 satellites. 

Satellite Survey device / 
mode 

Spectral range Spatial resolu-
tion, m 

Swath, 
km 

Repeatability of survey of the same territory 
(for one satellite) 

SPOT 4 HRVIR MONO 0.61 – 0.68 (Red) 10 60 1 time per 1-4 days 

SPOT 4 HRVIR 

XS 

0.50 – 0.59 

(Green) 

20 60 1 time per 1-4 days 

SPOT 4 HRVIR 

XS 

0.61 – 0.68 (Red) 20 60 1 time per 1-4 days 

SPOT 4 HRVIR 

XS 

0.78 – 0.89 (near 

IR) 

20 60 1 time per 1-4 days 

SPOT 4 HRVIR 
XS 

1.58 – 1.75 (mid-
dle IR) 

20 60 1 time per 1-4 days 

 

 Within our research local monitoring of soils 

was carried out on the basis of the experimental ar-

eas: "Tatarsky", Republic of Tatarstan (55,30,23.5 

NL; 48,40,27.7 EL); "Alatyrsky", Chuvash Republic 

(Yavlei village); "Saratovsky", Saratov region 

(51,49,26.6 NL; 46,20,36.0 EL); "Kalmytsky" 

(47,54,37.1 NL; 44,35,50.5 EL) mark of 72.84 m; 

Pervomayskoye village, Republic of Kalmykia 

(45,52,29.2 NL; 44,13,40.9 EL) mark of 57 m; 

"Tambovsky", Tambov region (52,5,40.3 NL; 

40,39,6.9 NL) mark of 171.3 m. All main types and 

subtypes of soils of forest and forest-steppe, steppe, 

semidesertic zone of the European territory of Russia 

are presented on these monitoring sites (Figure 1). 

Samples were taken in July-August, 2010 at the time 

of the maximal drought in the territory of the Euro-

pean part of Russia. Therefore distinctions of pa-

rameters in soils cannot be simply explained with a 

difference in humidification of soils, it is proved by 

distribution of volume humidity of soils (for northern 

and southern soils it is approximately identical and 

equals 6-7%).  

 Experimental work on key sites was carried out 

by means of the ArcGIS platform and displayed in a 

tabular and cartographical style. When choosing the 

sites we considered: level of agricultural reclamation, 

character of vegetable cover, hypsometric situation. 

The system of points was situated with an identical 

interval and was attached to topographical coordi-

nates by the navigation GPS receiver "Garmin 12" to 

facilitate its subsequent finding. Sampling, whenever 

possible, was carried out in the first half of a day, 

during the summer period with identical weather 

conditions. Time of transportation of exemplars in 

weighing bottles and cartridges from the field to the 

laboratory was minimum (the field laboratory was 

deployed). 

 As the basis of GIS we used the basic topog-

raphic map of the Russian Federation with 1: 100 

000 scale with isolines. The thematic block included 

the soil map and the lands map. We used the com-

plex of hydro-physical soil characteristics as moni-

toring information. 

 For receiving reliable information about qualita-

tive characteristics of soils, it is necessary to execute 

number of preparatory work and operations with 

space pictures to decrease an error arising due to 

physical conditions in the Earth's atmosphere and on 

the Earth's surface [11, 12]. Without carrying out this 

type of works, it is impossible to reveal statistically 

important connections between coefficients of spec-

tral brightness of space pictures of different channels 

and hydro-physical properties of soils. 

 

Interactive compensation of atmospheric haze:  

 For compensation of atmospheric haze in the 

Earth remote sensing data processing program 

ScanEx Image Processor v. 3.0 we used the algo-

rithm "Haze Optimized Transform" offered by B. 

Guindon and Y.Zhang (Robust HAZE reduction is 

used: an integral processing component in satellite-

based land cover mapping). The algorithm is based 

on the fact of distinction of the relative correlation 

degree between spectral channels of a visible range 

at various atmospheric conditions. In the absence of 

atmospheric haze the relative correlation of a visible 

range's channels is quite high practically on the 

whole image in all range of brightness, but in case of 

presence of atmospheric haze the relative correlation 

decreases in places where haze occurs. This fact al-

lows building "HOT image" haze distribution grid 

used for correction of the whole scene. Correction is 

carried out in two phases:  
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• Marking the site without haze on the image and 

building of the grid (HOT image).  

• Determination of range with haze, and correction of 

brightness of spectral channels in this range.  

 

 
 

Fig. 1: Location of research areas. 

 

 After successful carrying out of atmospheric 

correction of the remote data, we could take spectral 

images of soils according to space pictures, forming 

spectral signs of decoded objects. 

 We carried out spectral analysis of the data (His-

togram Tool) for all points of sampling by means of 

the Earth remote sensing data processing program 

ScanEx Image Processor v. 3.0 (Figure 2) and re-

ceived coefficient values of spectral brightness. 

 Further we carried out the statistical analysis of 

the data including the correlation and regression 

analysis. The analysis was made in the specialized 

program system STATISTICA v. 6.1. For the analy-

sis we selected only the data of space shooting coin-

ciding with time of field samplings. They were 

scenes of July-August, 2010. 

 The correlation analysis showed existence of 

significant correlative connections between soil hy-

dro-physical data of the main types of soils of the 

European territory and data of remote sensing of the 

Earth. (Tables 2-7). 

 Correlative tables of the main types of soils of 

the European territory of Russia. Significant coeffi-

cients of correlation are highlighted. 

 Further we received regression equations sig-

nificant at 95% probability level for pairs of correlat-

ing parameters. The example of regression depend-

ence is given in figure 3.  

 As a result the following equations of regression 

were received for various types of soils: 

 

Tatarsky area. “Ordinary chernozem” type of soils: 

 Volume humidity Wv, 0-20 = 0.5106-

0.0037*channel 4;  

 Volume humidity Wv, 0-20 = 0.7161-

0.0068*channel 3;  

V olume humidity Wv, 0-20 = 0.7471-

0.008*channel 2;  
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 Volume humidity Wv, 0-20 = 0.3199-

0.003*channel 1;  

Filtration coefficient 0-20. К2 = 3.2667-0.0239* 

channel 4. 

 
Table 2: Tatarsky area. “Ordinary chernozem” type of soils. 

Сorrelation matrix for "chernozem ordinary" type of soils 

Marked correlaions are significant at p <0.05000 

 channel 1 channel 2 channel 3 channel 4 

Bulk weight 0-20. Pv -0.27 -0.23 -0.33 -0.26 

Moisture content 0-20. Ww (%) -0.19 -0.08 -0.27 -0.47 

Moisture volume Vw, 0-20 -0.18 -0.06 -0.27 -0.45 

Volume humidity Wv, 0-20 -0.67 -0.67 -0.72 -0.86 

Particle density 0-20. Ps -0.12 -0.17 -0.22 -0.30 

Void space 0-20. P 0.33 0.15 0.29 0.17 

Solid volume Vsf, 0-20 -0.14 -0.06 -0.10 0.02 

Filtration coefficient 

0-20. К2 

-0.57 -0.52 -0.62 -0.81 

Solid volume specific surface area, 0-20 -0.17 -0.16 -0.27 -0.49 

Soil-water potential, 
f, 0-20 

0.39 0.28 0.37 0.18 

 

 
 

Fig. 2: Interface of ScanEx Image Processor v. 3.0 program. 
 

Table 3: Alatyrsky area. “Leached (podzolized) chernozem” type of soils. 

Сorrelation matrix for 

“leached (podzolized) chernozem” type of soils 
Marked correlaions are significant at p <0.05000 

 channel 1 channel 2 channel 3 channel 4 

Bulk weight 0-20. Pv 0.43 0.17 -0.06 -0.33 

Moisture content 0-20. Ww (%) -0.18 0.42 0.66 0.55 

Moisture volume Vw, 0-20 0.22 -0.15 -0.27 -0.06 

Volume humidity Wv, 0-20 -0.14 -0.33 -0.65 -0.40 

Particle density 0-20. Ps -0.66 -0.26 0.09 0.68 

Void space 0-20. P 0.78 0.68 0.29 -0.46 

Solid volume Vsf, 0-20 0.55 0.64 0.55 -0.22 

Filtration coefficient 
0-20. К2 

0.01 -0.34 -0.59 -0.37 

Solid volume specific surface area, 0-20 -0.87 -0.64 -0.36 0.82 

Soil-water potential, 

f, 0-20 

0.36 0.53 -0.02 -0.27 
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Table 4: Saratovsky area. “Southern chernozem” type of soils. 

Сorrelation matrix for “southern chernozem” type of soils 

Marked correlaions are significant at p <0.05000 

 channel 1 channel 2 channel 3 channel 4 

Bulk weight 0-20. Pv -0.50 -0.18 -0.17 0.01 

Moisture content 0-20. Ww (%) 0.39 0.44 0.35 0.42 

Moisture volume Vw, 0-20 0.38 0.56 0.59 0.51 

Volume humidity Wv, 0-20 -0.24 -0.04 0.20 0.22 

Particle density 0-20.Ps 0.18 0.26 0.43 0.29 

Void space 0-20. P -0.58 -0.34 -0.14 -0.05 

Solid volume Vsf, 0-20 0.26 0.33 0.57 0.35 

Filtration coefficient 

0-20. К2 

0.37 0.51 0.71 0.58 

Solid volume specific surface area, 0-20 -0.28 -0.36 -0.22 -0.24 

Soil-water potential, 

f, 0-20 

0.06 0.17 0.40 0.24 

 
Table 5: Kalmytsky area. “Light-brown” type of soils. 

Сorrelation matrix for “light-brown” type of soils 

Marked correlaions are significant at p <0.05000 

 Channel 1 Channel 2 Channel 3 Channel 4 

Bulk weight 0-20. Pv 0.02 -0.49 -0.55 -0.51 

Moisture content 0-20. Ww (%) -0.50 0.45 0.63 0.56 

Moisture volume Vw, 0-20 0.56 -0.44 -0.72 -0.66 

Volume humidity Wv, 0-20 0.24 -0.62 -0.76 -0.65 

Particle density 0-20. Ps 0.60 -0.55 -0.63 -0.75 

Void space 0-20. P -0.86 0.60 0.58 0.72 

Solid volume Vsf, 0-20 -0.19 0.19 0.13 0.14 

Filtration coefficient 0-20. К2 -0.31 0.11 0.02 0.08 

Solid volume specific surface area, 0-20 -0.42 0.45 0.71 0.69 

Soil-water potential 

f, 0-20 

-0.29 0.27 0.17 0.32 

Bulk weight 20-40. Pv 0.41 -0.37 -0.50 -0.47 

Moisture content 20-40. Ww (%) -0.14 -0.02 0.23 0.26 

Moisture volume Vw, 20-40 -0.36 0.63 0.57 0.63 

Volume humidity Wv, 20-40 -0.65 0.58 0.44 0.57 

Particle density 20-40. Ps -0.68 0.67 0.71 0.80 

Void space 20-40. P 0.72 -0.06 -0.21 -0.26 

Solid volume Vsf, 20-40 -0.59 0.50 0.51 0.67 

Filtration coefficient 

20-40. К2 

-0.46 0.32 0.29 0.46 

Solid volume specific surface area, 20-40 -0.41 0.30 0.35 0.51 

Soil-water potential, 
f 20-40 

0.19 -0.30 -0.27 -0.18 

 

Table 6: Pervomayskoye area. “Grey and brown semidesertic” type of soils. 

Сorrelation matrix for “grey and brown semidesertic” type of soils 
Marked correlaions are significant at p<0.05000 

 Channel 1 Channel 2 Channel 3 Channel 4 

Bulk weight 0-20. Pv 0.70 -0.39 -0.20 0.07 

Moisture content 0-20. Ww (%) 0.39 0.62 0.55 -0.14 

Moisture volume Vw, 0-20 0.39 0.71 0.72 -0.32 

Volume humidity Wv, 0-20 0.57 0.20 0.24 -0.10 

Particle density 0-20. Ps 0.31 0.58 0.58 -0.29 

Void space 0-20. P 0.43 0.56 0.65 -0.31 

Solid volume Vsf, 0-20 0.38 0.50 0.54 -0.37 

Filtration coefficient 0-20. К2 0.17 0.62 0.70 -0.16 

Solid volume specific surface area, 0-20 0.42 0.75 0.77 -0.19 

Soil-water potential f, 0-20 0.58 0.57 0.61 -0.26 

Bulk weight 20-40. Pv -0.45 0.24 -0.04 -0.38 

Moisture content 20-40. Ww (%) -0.09 -0.28 -0.18 0.30 

Moisture volume Vw, 20-40 0.39 0.44 0.54 0.15 

Volume humidity Wv, 20-40 0.03 -0.60 -0.45 0.48 

Particle density 20-40. Ps -0.27 0.27 0.19 -0.22 

Void space 20-40. P 0.11 0.62 0.80 -0.32 

Solid volume Vsf, 20-40 0.12 0.55 0.52 -0.14 

Filtration coefficient 20-40. К2 0.30 -0.28 -0.25 0.64 

Solid volume specific surface area, 20-40 -0.37 -0.65 -0.55 -0.08 

Soil-water potential f, 0-40 0.17 0.26 0.18 0.17 
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Table 7: Tambovsky area. “Grey and brown semidesertic” type of soils. 

Сorrelation matrix for “ordinary chernozem” type of soils 

Marked correlaions are significant at p <0.05000 

 Channel 1 Channel 2 Channel 3 Channel 4 

Bulk weight 0-20. Pv -0.16 -0.10 -0.25 0.16 

Moisture content 0-20. Ww (%) 0.37 0.42 0.47 -0.25 

Moisture volume Vw, 0-20 0.19 0.53 0.54 -0.01 

Volume humidity Wv, 0-20 0.44 0.67 0.58 -0.15 

Particle density 0-20. Ps -0.28 -0.20 -0.45 0.19 

Void space 0-20. P -0.30 -0.55 -0.37 0.13 

Solid volume Vsf, 0-20 -0.40 -0.24 -0.70 0.31 

Filtration coefficient 0-20. К2 -0.31 -0.43 -0.66 0.17 

Solid volume specific surface area, 0-20 -0.35 0.06 -0.46 0.33 

Soil-water potential, f, 0-20 -0.28 -0.05 -0.49 0.21 

Bulk weight 20-40. Pv 0.09 0.26 -0.08 -0.06 

Moisture content 20-40. Ww (%) -0.21 -0.28 -0.57 0.11 

Moisture volume Vw, 20-40 0.43 0.40 0.38 -0.23 

Volume humidity Wv, 20-40 -0.34 -0.35 -0.69 0.17 

Particle density 20-40. Ps -0.25 -0.19 -0.47 0.15 

Void space 20-40. P -0.16 -0.21 -0.61 0.07 

Solid volume Vsf, 20-40 -0.21 -0.17 -0.51 0.12 

Filtration coefficient 20-40. К2 -0.28 -0.36 -0.65 0.09 

Solid volume specific surface area, 20-40 -0.27 -0.27 -0.68 0.13 

Soil-water potential, f, 0-40 0.06 0.14 -0.27 -0.06 

 

Alatyrsky area. “Leached (podzolized) chernozem” 

type of soils: 

 Solid volume specific surface area,0-20=-

155.689+1.8749*channel 4; 

 Solid volume specific surface area,0-

20=313.0088-2.6281*channel 1;  

 Void space 0-20. P = 0.3195+0.0002*channel 2;  

Void space 0-20. P = 0.3252+0.0001*channel 1; 

Particle density 0-20. Ps = 1.7404+0.002* channel 4. 

 

Saratovsky area. “Southern chernozem” type of 

soils: 

 Filtration coefficient 0-20. К2 = -

0.0339+0.0008*xchannel 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Results of the regression analysis for a couple of mutually correlating parameters. 

 

Kalmytsky area. “Light-brown” type of soils: 

 Moisture volume Vw, 0-20 = 62.464-

0.2682*channel 3; 

 Volume humidity Wv, 0-20 = 0.1367-

0.0006*channel 3;  

 Particle density 0-20. Ps = 10.3339-

0.0422*channel 4; 

 Void space 0-20. P = 1.9847-0.0109*channel 1;  

 Void space 0-20. P = -0.8904+0.0074*channel 4;  

 Solid volume specific surface area,0-20=-

307.512+3.9126*channel 4;  

 Solid volume specific surface area,0-20=-

275.9567+4.034*channel 3;  

 Particle density 20-40. Ps = -

2.716+0.0261*channel 4; 

Particle density 20-40. Ps = -

1.8009+0.0228*channel3; 

 Particle density 20-40. Ps = 5.8591-

0.0272*channel 1; 

Void space 20-40. P = -0.2565+0.0051*channel 1; 

Solid volume Vsf, 20-40 = -

343.8838+3.2189*channel 4. 

 

Band 3 

 

Scatterplot: Filtration coefficient 0-20. К2 from band 3 

Filtration coefficient 0-20. К2 = -0.0339 + 0.0008*x; 0.95 confidence interval 
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Pervomayskoye area. “Grey and brown semideser-

tic” type of soils: 

 Bulk weight 0-20. Pv = -7.8148+0.0731*channel 

1; Moisture volume Vw, 0-20 = -

150.4609+1.264*channel 3; 

Moisture volume Vw, 0-20 = -

87.2551+0.6746*channel 2; 

Filtration coefficient 0-20. К2 = -

0.6237+0.0047*channel 3; 

Solid volume specific surface area, 0-20 = -

1263.3361+10.7372*channel 3; 

Solid volume specific surface area, 0-20 = -

697.1703+5.5646*channel 2; 

Void space 20-40. P = -1.7599+0.0149*channel 3 

 

Tambovsky area. “Grey and brown semidesertic” 

type of soils: 

 Volume humidity Wv, 0-20 = -

0.3023+0.0048*channel 2; 

Solid volume Vsf, 0-20 = 573.7843-2.6899*channel 

3; 

 Moisture content Wv, 20-40 = 0.4996-

0.0027*channel 3;  

 Solid volume specific surface area, 20-40 = 

940.6323-4.1762*channel 3. 

 On the basis of these equations we recalculated 

the data values of remote sensing in hydro-physical 

properties of soils (such as void space, particle den-

sity, and solid volume specific surface area) within 

agricultural fields.  

 The map of agricultural lands with particular 

type of soils was received from the vector data of the 

previous researchers with use of overlapping tools 

ScanEx Image Processor v.3.0. For specification of 

the situational plan we classified of the space picture 

with self-organizing technique of clustering 

ISODATA (Iterative Self-Organizing Data Analysis 

Technique) in the environment of ScanEx Image Pro-

cessor v.3.0. This algorithm is one of the most popu-

lar, used for uncontrollable classification (classifica-

tion without teacher). It is based on the clustering of 

the image based on a difference between mean val-

ues of clusters (minimum spectral distance between 

center classes).  

 There are some options of the algorithm execu-

tion; in our case we used the following logical se-

quence:  

 1. Initial initialization of clusters. Input data are 

processed in advance according to the principal com-

ponent analysis, and then according to the processed 

rasters by means of the method of standard devia-

tions. Thus, initial position of centers of spectral 

classes is established. The quantity of classes is de-

fined by the user.  

 2. First iteration. At this stage all pixels of the 

image are assigned to classes on the basis of the least 

distance between mean value of a class and value of 

brightness of a pixel, forming clusters. The Euclidean 

metrics is used as a measure of comparison of dis-

tances.  

 3. Recalculation of mean values in classes is 

carried out. Correlation of the clusters, formed at the 

previous stage, with spectral classes is carried out by 

the same principle. Clusters can unite or divide de-

pending on the assigned threshold values. Then re-

calculation of mean values and formation of new 

clusters is carried out again.  

 4. This procedure repeats until clusters can unite 

or divide, or till achievement of the maximal number 

of iterations which are set by the user. The result of 

processing is a new raster layer containing formed 

clusters, united on belonging to spectral classes. The 

formed spectral classes are coded from minimum 

average to maximum average and numbered starting 

with 1.  

 Following processing is reduced to thematic 

interpretation of the formed spectral classes. 

 Results of classification were converted in a 

class of spatial objects of vector polygonal geometry. 

Subsequently, they were used for correction of agri-

cultural fields on a soil type and as an analysis grid, 

when recalculating values of spectral reflection 

power into hydro-physical properties. 

 Operations on calculation of hydro-physical 

properties were carried out in the raster calculator of 

the Spatial Analyst ArcGIS module. High-quality 

representation of results in cartographical style is 

possible.  

 

Results: 

 Using the data of space shooting from Spot-4 

satellite, we carried out processing and correction of 

space pictures. It is made to minimize the distortions 

caused by the Earth's atmosphere, radiation of the 

Sun and character of the spreading surface. As a re-

sult we received the corrected spectral images of 

soils with various hydro-physical characteristics.  

 We conducted researches of spectral reflection 

power of soils in various spectral channels of space 

pictures on the studied sites. The data file of spectral 

characteristics and hydro-physical properties of soils 

was processed with statistical methods to define cor-

relative connections between them. Regression equa-

tions were received for couples of data correlating at 

the 95% level of probability. Recalculation of the 

remote sensing data into hydro-physical properties of 

soils (such as void space, particle density, solid vol-

ume specific surface area) within agricultural fields 

was executed on the basis of these equations. We 

received displays of hydro-physical properties of 

soils on the map using GIS mechanisms. 

 

Conclusion: 

 1. We proved the principal possibility of RSD 

usage for indirect definition of hydro-physical char-

acteristics of soils. 

 2. On the basis of the data of spectral brightness 

of soils for the reference sites with close correlative 

connection with a number of hydro-physical proper-

ties it is possible to create standards of spectral 
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brightness for corresponding hydro-physical proper-

ties of zonal soils of the European Russia. 

3. Using the above-named reference data on spectral 

brightness it is possible to remotely define sites with 

corresponding hydro-physical characteristics. Such 

information is demanded by forest and agriculture. 

Thus, the received results are approximate solution 

for the goal.  
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