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INTRODUCTION 

Under serious climate changes the marks of the wa-
ter erosion and d e  ation  are strengthene d. T his,   rst of  
all,  is conne cted  to an inc rease in the sho we  r na tu re 
of sedime nt s [1], signi  ca nt  expansion  of the  areas  of 
such    eld crops  a s   co rn, sun  owe r and soy  [2], in clud-
in g i n the  Polissia zo ne,  for  w hich the l ow anti- e r o si on 
stabili ty  of s oils is typic al . To gether  wit h th e sh e et 
erosi on the ris ks  of th e gully forma  tion intensi   cation 
gro w, which  is  especi ally dangerou s for the large gully 
systems. D e  ati onary dangerou s territor ies  occu py in 
some y ears to  5  6 million ha .

The terr itory of Ukr aine is subdivi ded in to  three  large 
nat ural c limatic zo nes :

The Po lissia zone is  char acteri zed by  the predomi-
nance  of s edimen ts above evapo ration. Average l ong-
sta nding amount  of  precipitat ion co mposes 500  

63  0 mm. So il c o ver is ma inly acid sod-podzol typ es of 
lig ht partic le  size d istributi on. Natural  land occupies up 
 to  50 per  cent of territory, among which are  mars hes, 
forests and  meadows.

Th e W ooded-Stepp e zone  is ch aracterized w ith in-
te nsiv e agra rian production. Amount of precipitation 
varies  from 450 m m in the  east to 76 0   mm in the west. 
More tha n 50 pe r cen t of  the cultivated ar eas  are  pl ant-
 ed with  corn, sugar  beet, sun  ower, so y; the r est of the 
arable earth  – u nd er the  spi ke d cereals  a nd  fe  ed c rops.  
Soil c over co nsists o f cher noze ms a  nd gray   f or est  soils. 
The  c  omple x relief is typica l for the z one;  that  fact 
c ombin ed  with high p loughing   rate of agric ultu ral la nd 
creates conditions fo r the water erosion  dev elopment.

The  Step pe zone  is characte rize d wi th the  predomi-
nance of evaporation above th e sediments and arid phe-
no mena. Amount  of  precipitatio n vari es f rom 310 mm  
in  the s outhern p ar  t (dry steppe) to 500 mm  in nor th 
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erosion determination and identi  cation according to the data of the Earth remote sensing (ERS) of high 
spatial resolution is developed on the basis of classi  cation in basic deciphering signs and the procedure 
of molding of the training samples forming. The materials of the Landsat 8, SPOT, ASTER and RapidEye 
space surveys, map materials and data of full-scale ground observations on the test objects were used for 
identi  cation of the processes of sheet and linear erosion. The soil erosion was determined according to two 
approaches. The  rst one is based on the plowed soil and the second – on soil covered with plants. The soil 
erosion class was determined according to the spectral characteristics and humus content, while gully rate – 
by reference to gullies’ length and square. Results. The humus content in so il was proposed to be determined 
according to the spatial distribution of spectral characteristics within the limits of uniform regions and 
corresponding mathematical-statistical models. The opportunities of linear and sheet erosion classi  cation 
according to the ERS data, and also their use in the system of monitoring and evaluating the ecological 
state of agrolandscapes and land tenure systems are shown. C onclus ions. The space mo nitoring data of 
the soils erosive degradation and agrolandscapes in whole provide the opportunity of more effective use 
of soil resources due to the strategic determination of degradation processes with the subsequent planning 
and workout the measures for th e optimization of the erosive dangerous agrolandscapes structure, and also 
introduction of the ground water-guarding systems of soil management.
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ad join ing  to  the  Wooded-S teppe   zone . Beca us e o f th e 
m ois ture scarcity an d high  risk of arid p heno me  na, 
the yie ld o f all crops in the maj ority  of y ear s app ears 
suf  c ient ly low  wi thou t irri gat ion.  Soil cov er  is che r-
nozems  and chestnut  soi ls. The c ombination o  f suf  -
cien tly  complex re lief , shower  natur e   of s ediments, an d 
i n some years  – the in tensiv e  wind re gime cr eat es high 
ris ks o f both t he water ero sion and d e  at ion.

Er osive de terio ration  of  soil  res ources  negativ ely  in-
 uence s on the fertility of soils and yield of agroecosys-

tem. The inte nsi  ca tion of ag rar ian pr oduction m ani- 
fest ed in inc re  ase  in the areas of  sow ing  eld  crops, 
strengthening  the  shower n ature o f sedi men ts and  wind 
regime  s trengthens the  ris ks of e rosive  pro cesses and  
ari d phe nomena in the enorm ous  territ ory  – to 15 16 
millio n ha , i.  e., on hal f o f th e arable  earth areas. I n 
s uch con ditions th e  crea tio n o f up- to-date  system  for 
monito ring  the a bove mentio ned  negative  phenomena, 
als o using the  data of th e Earth’s remote sen sing (ERS ) 
becomes  urgent .

Traditio nally th e aerial survey materials together  
with ground observations were  use d for the detection of 
erosive processes. How ever, the space photos are  more  
widely us ed  since th e startin g of space  surveying  sys-
tems. Th e current av ailability  of t he high s pat ial re so-
lution i mages o btaine d from t he surveying  systems  of 
l and satellites – Landsat 8, SPOT, ASTER, Rap idEye – 
ma kes it p ossible to identify t he three - di mens io nal e ro-
 siveness of soil cov er and gu lly systems.  Exa ctly  t hat 
caused t he need for  dev elopm ent an d approval  of the 
w ater erosion classi   cat ion m odel s for agrola ndsc apes 
usin g the d ata of  the multi-area  high spatial reso luti on 
space survey.

The  aim o f the current resea rch c onsisted in the data 
anal ysis o btained fr om the space survey for  monitor-
ing  an d st rategic estimation of agrola ndscapes a nd soil  
man agement sys tems erosive d eterioratio n.

MATE RIALS AND M ETHO DS 
For identi  cation o f the objects of shee t and linear 

erosion the data  of the Landsat -8 2013  space s urvey 
(US  Geo logical  Survey  webs ite –  http:/ /earthe xpl or-
er.usgs.g ov/) an d  the materials of the ASTER and 
RapidEye space surveys, also li tera l an d map mate rials 
a nd dat a of  full-scale gro und ob servatio ns are d rawn.

Th e research  was  perf orm ed t h rough  the ran dom 
network  of the agrarian testing areas (ATA), wh ich en-
su re the terr itorial  ecologi cal monit oring system w i thi n  
t he limits of  administrative u nits. At the same time the 
AT A rando m ne twork   was  used for the t raining data 
obtaining, necessary for d eveloping  the targ et p rocess-
ing alg orithms for th e  materials  of r emote surve y in  
course of the inspection of  large t erritories  wit hin the 
limits of homogeneo us r egions.

The  er osive  receptivity  of soil  was  determ ine d ac-
cording  to such  prope rties as the agrophy sic al pr oper-
ties, humid ity, moisture  perm eability, d ens ity,  rough-
ness an d organic  ma tter con te nt. It was also consi de red 

tha t  the spectr al character istic was caus ed  by the humus 
content,  the p rese nce of mo isture, oxides  of iron and  
ground  minerals. Th e  regu larity, w hic h consis ts  in the  
de pende nce  of a ch ange in  the sp ectral ind ic es of  soil 
on t he  loss  of humus a nd co nnectio ns to i ron from  the 
uppe r l ayer,  wa s al so ta ken  into  acco unt. The mother  
rock  beco mes  gradua lly v isible on the surface of erod-
ed   soils, what causes its  brightening. In co urs e of  the 
quant i tative  determi nation of si mila r changes through 
the spec tral  indices, acc ording to the  dat a of mul ti-area 
 space su rvey s, the th ree-dim en sional estima tion  of t he 
soil cover  erosiv eness w as  car ried  o ut, and so,  the in-
tensi ty of e rosiv e processes was de termined.

Scienti  c rati onal e for the  met hods of  soils rem ote 
explorations is described in the works of  many sci en-
t ists in 1970 1990 years [3 8]. The basi c facto rs in   u-
e ncing  a change in t he spectral param e ters   of soi ls are  
determined, which m ad e it po ssible  to identi fy not only  
th eir b asic varieties, b ut als o erosiveness rat e [9 16].

As  a r esult , the  prereq uisites f or  dev elopment and ap-
plying  o f met h ods and technol ogie s of the erode d ea rth 
automate d cl assi  cat ion  are cre ated . The combini ng of 
t he data  from various su rveying systems and regression 
m odels of t he eros ion and its intens ity determ ination 
 from  the values  of spe ctral r e  ectio n  g ives  opportunity 
to determin e the  spa tial di str ibution o f the soil erosive-
 ness in the  agrolandscapes su f  ciently satisfacto rily.

F or detection the  she et e rosi on applying space data 
t wo approaches  connec ted to the state of  the earth’s sur-
fa ce wer e use d: t he plowed s oil and cover ed w ith pl ants. 
T he   r st approa ch resides i  n th e de  nition  of  such de-
c oding  signs  as th e spec tral characterist ics  of  soil de-
pend ing  on t he humus  conten t a nd o ther char acteristics, 
i.e .,  the b asic objec t o f st udy is the su rface of soil directly 
[7,  8 , 1 0,  13,  14, 16 ], whil e t he sec ond  one  is base d o n 
determining  o f  t h e  ve ge ta ti on  s pe c tral pro pert ies caused  
 by the soil erosiveness  and con sists in the estimat ion 
of the  plants  biomass  [11 , 12, 17, 18] . It is state d t hat 
 complex use  of bot h approaches is   re as on ab le  f or   th  e de-
terminati on of  soil er osiv ene ss. T hey supplement each 
other, an d al so re  ect var ious, th oug   h tightly   inter con-
nected m anifestati on s of  erosive proc esses and state of 
veget ation completel y and thoroughl y.

The degr ee of the  gull y eros ion  developme nt was de-
termine d according to t he indi ces of  gully  rate within the 
terr itory, thicknes s, density an d le ngth of  gullies  [19].

The gully  rate was  de termined as the rat io of the g ul-
lies area  ( ha )  to the area of the arable earth (1 km/km2), 
density – as a quantity of gullies to 1 km2; while the 
gully rate is calculated for the total area, gullies length 
– for the overall length of gullies per unit of area.

RESULTS AND DISCUSSION 
On the basis of the literature review and completed 

researches analysis  the  logica l model  for soil water ero-
sion determination and identi  ca tion was dev eloped  on 
the ERS data of high spatial reso luti on. It is based on 
the complex u se o f the space surve y data, current ma p-
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p  ing  informat ion  and  referen ce s ubject  data r elative to 
the characteristic  of soil cov er (Fig. 1). W ater ero sion 
 was identi   ed o n the basis of  cla ssi   cation   acc or d i ng 
to th e basic deciphering sig ns  with in the  li mits of opti-
cal ly uniform ch arac teristics of soil  areas,  geosta tist i-
cal an aly sis and mathematic al simulation of the hum us 
co nt ent  at various  erosivene ss r ates of soil  with the 
su bsequen t three-dimensional mappi ng simulation of 
e ros ive d eteri orat ion.

During the  rst stage of the model implementation 
the object-oriented classi  cation is carried out on the 
base of the formalized expert knowledge concerning 
the signatures of signs (spectral, structural, textural 
and contextual) for identi  cation of the agricultural 
land class (mask) with subsequent differentiation to the 
classes “plowed soil”, “crop planted soil” and “wild 
planted soil”.

It is reasonable to use both the images of the multi-
area space shots and NDVI and textural indices prepar-
ed in the stage of ERS preliminary processing as the 
initial informative layers for the solution of the task – 
the object oriented classi  cation of the agricultural 
lands mask [20]. Having shaped the hierarchy of clas-
ses and established solution-making rules and thresh-
old values for each class, classi  cation is accomplished 
at the levels, which, for example, identify sowing of 
winter cultures and natural vegetation, at that false 
single objects are moved away.

The next stage of classi  cation is the development of 
the solution-making rules for determination and iden-
ti  cation of the water erosion manifestations based on 
the ERS materials. In this respect the procedure of the 
training samples obtaining becomes necessary. It is the 
required technological element of aerospace explora-
tions and used for creating of regression models and 
determination of decoding signs.

A  eld, diagnostics of the soil erosiveness gradations 
is carried out through their morphological signs – soil 
washing degree of various genetic horizons. At the mo-
ment the approaches to the classi  cati o n o f the erod ed 
soils are divided into two large  groups: the pr ocedures 
establish ing  the s oil was hing degree  on the  decrease 
of their ge neti c pro  le,  and  the p r ocedures  d etermin-
ing  t he soil e rosi veness deg re e on  the humus cont ent 
dec rease.

For th e standard  o f di ag nostics of the e roded soils ac-
co rdi ng t o the so i l washi ng de gr e e the similar “typi cal 
 i mage” of the compl ete-pro  led soil i s accep ted, whic h, 
as a  rule,  is typical  for the plateau.  Perf ormi ng the ma p-
ping, f or exampl e,  of c hernoz em  soils a diagram of soil 
classi  ca tion acc ording to th e erosivene ss d egree is  used 
basing on  the ir coloring: for  weak erosivene ss – sl ightly-
light, average –  l ig h t, and strong –  brig ht.

Taking  in to accou nt that there are no standard 
models for the indication of  the  typic al s oil  differences 

Fig. 1. Logical model of soil water erosion classi  cation based on material obtained from remote survey of high 
spatial resolution
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er osiveness according  to  the sp ec tral  si gns, genera l  ap-
proach to the  det erminat ion of th ese  signs (i ndicators)  
is obtain ing th e data  directly at the test a reas and to po-
grap hic  pro  les withi n t he e xplored terr itory.  The se-
lection of the m assi f of points fo r th e training samp les 
and  valid ation of the results of  deciphering is achieved 
w it  hin the opticall y un iform soil s a t th e territo ries. 
They are formed on  the basis of   cl ust erin g the dat a in 
the conte nt of ph ysi cal clay in the soils l ocated wi thin  
the expl ore d territory .

But a  sig ni  cant quant ity  of soil  patte rn s, neces-
 sary for the  traini ng samples, and also large volu me 
of analyt ical wor ks nev er ensure the  effectiv eness of 
obtaining t he  data. It  appears  to be m ore acceptable 
t he d eterminatio n o f th e humus content  from t he spec t-
ral characteristi cs di rect ly a   eld us in  g th e calculated 

mathematica l-st atistical connection  mo dels . The vol-
 ume  of th e traini ng samp le s un der  these condi tions is 
dec reas ed by the data reduction , n eces sary for calculat-
ing m odels.  The  rest of  the  training sa mples’  volume 
 for id enti  cation  of t he eroded areas is deter mined di-
 r ectly ac cording to the data of  eld spectrometry. Dur-
in g  the a pp lication  of  this techn olog y th e expen ditures 
and d uration of wo rk performi ng  on  the three -dimen-
 si onal det erm ination of the soil  cover degree  eros ive-
ness decrease.

L inear erosion clas si  cation. The clas si  c ation op-
portun ities of   the lin ear forms of er os ion,  accordin g to 
t he data of the aerospa ce su rvey of high  spatial r eso-
lution, are  determined  by thei r geometric a nd optical 
characteristi cs and three- dime nsional a nd ra di ometric 
 permissio n o f th e remote surve y s ystems .

Comp o nents and  fo rms  of the gu lly  erosi on are pos-
si ble  to be obtai ned  only from the space s hots of the  
highest spatial r  es  olut ion (up to  5 m) i n the f orm  of the  
nar row,  notched,  sharp c onto urs. Due to  the wa shout 
of  so ils, the ton e of the ima ge of the g rowing gullies is 
 usually very  bright (Fig . 2). It is possib le  to j udge a bou t 
the stage  of  their  de velo pment an d d egree of  the e ro-
s ive  proces ses acti vity from t he shape, size and  speci al  
features of  the gull ies  imag e. Intensi ve growing  wat er-
r uts and g ullies  at  the  init ial st age of  the ir developm ent 
have wide oval  top  with the steep  re ar wall, w hile  the  
ravines completed their  linear inc reas e – the plane-
 pointed  top and more  gentl y sl oping tur fen slopes.

As a  rule, th e components  of t he hollow s ystem are 
no t  re  ected i n the space photo gr  aphs  with t he sepa ra-
tion po wer of m ore th an 10  m, but the  network of gu lly  
rel ief with an el on gated twis ting  treelike fo rm is  well 
s epara ted. Bo th bottom  and slopes of g ulli es are usually 
 covered  with t he nat ural vegetatio n, thicke r and more 
hy drop hilic  in  the l ower parts o f   the slo pes  and at the 
b ott om, w hich causes  the  darker tone  of t heir imag e. 
 The treelike  g ure  of  image   caused by th e intensive 

Fig. 2. Gully erosion manifestations from the high spatial 
resolution materials: 1-rain channels; 2-top cutting-in; 3-, 4-
micro-gully erosion; 5-sheet erosion (satellite survey SPOT, 
spatial resolution – 5 m, April 2013)

Fig. 3. Results of gully network deciphering at the high spatial resolution space shot: (a) ASTER shot, spacial resolution – 
15 m, May 2003; (b) gully density map charted on the results of deciphering within ATA 
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de velopme nt of  linear erosi ve processe s is the charac-
ter istic feature of the p hotogr aphs of gully network in 
gene ral. Th e gully netwo rk  is espe ci ally clearly  mani-
 feste d with  the natura l grass y v egeta tion in spring and  
a utumn against t he  genera l backgrou nd o f maximu m 
plowed  elds,  tho ugh n o t yet covere d wi th sprouts 
( Fig. 3, a). 

As a r esult of linear erosi   on objects de ciph ering 
 based on mate rials of the prompt s pace survey the  inte-
grated map of the cul tivated  land’s gully rate is g e nerat-
e d. Ba sing on it, the int ensity of linear erosion both f or 
separa te f arms and  ad ministr ativ e uni ts is e valuat ed. 
An  example of the g ullies and  their  densit y  de co d i ng 
within the lim its of test are a on  the d ata  of th e space 
surv ey o f high  spatial resolut ion from Aster, are given 
on  Fig. 3, b.

For  the  cultivated area speci  cation on  the  risk de-
gree  of the  erosive  processes development,  the  arable 
soils  are divided  into  three  ecological - technological 
 groups  ( ETG )  according to the soil protectio n  system 
 of the area  and its outline-reclamation  organization 
 [ 19 ] .   In particular , the  1 st  ETG  includes  the soil  with 
 the full-pro  led  and slightly-eroded  soils  located  on 
 the  plateaus  and  slopes  up to  3°,  where  it is permitted 
 to place  all  cultures  together with  the   eld ones. The 
2nd E TG i ncludes t he lands with s lightly-  a nd medium-
eroded s oils l ocated o n t he s lopes o f 3 5°, whe re gra in-
gr a ss and  gra ss-gr a in cro p rotations wit hout  e ld crops 
are introduced. T he     3rd ETG  inc ludes slo pes of  mor e 
than 5°  with middl e- and  h eavy-eroded soils , whi ch  
must  be deriv ed from  the c ategory of th e arabl  e lands 
for c onse rvation with  the s ubse quent n a tur al and a rti   -
cial meado ws or fo res ting.

Thus,  the e stim ation of th e arable land  area as for 
the r isk  degree of th e erosi ve proce sses development 
by vi rtue of the sowin g classi  cation within the ar-
abl e land mask by group ing into conti nuous sowin g 

cult ures,  eld  crops and p eren nial grass  accor ding to 
the s pace  surve y data is important in this respect. Bas-
ing on combi ned analy sis of ob tai ned data  joined to the 
m ap o f sl ope  angles, the a rea  chart is compiled for the 
estim ation of th e area as for the r isk  degree of th e ero-
  si ve proce sses development and d eter mination of sh are  
of th e soils in criti cal and c risi s state , whi ch  must  be 
deriv ed for c onse rvation.

The  deter mination of th e crisi s (  el d  crops at the 
t erri tories with  the s lope  angle  > 5 )  a  nd cr itic al state 
territ ories (  eld   crops at the te rrit ories with t he sl ope  
angle > 3 5  )  accordin g to the spac e su rvey d ata of high 
 spa tial  resolution combined to the geog raph ica l three-
dimensi o nal data con cerning the quan tity  indicators 
(morphol o gical measures) of relie f ( in part i cular, slope 

Fig. 4. Determination: (a) cultivated plants at slopes >5º (crisis area – 4.93 % of plowed lands); (b) cultivated plants at slopes 
3–5º (critical area – 17.24 % of plowed lands); (c) risk estimation of erosive processes development at the plowed lands

Fig 5. The “plowed soils” mask classi  ed within the testing 
farm of Kirovohrad Agrarian Testing Area
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 an gles) allows  to estab lish promptly the norm s of  the 
e cologic ally substant iated structur e of plant ed  areas an d 
crop  rot ations as per the risk s of  the e rosive  processe s 
manifestation [21]. Th e  r e su  lts  of proce ssing the spac e 
su rvey m aterials from the  Rapi dEye  satellite  regardin g 
the cris is a nd crit ical  territor ies are repr esented in Fig.  4.

She et   er osion  classi  cation and dete rmin ation of the 
e rosiven ess degree of the a rable l ands. F or the clas si-
  cation of sheet  er osion  material s of spati al  resolution 

up to 30  m wer e u sed. The data obt ained  from Lan dsat 
 meet th ese requirements. The shee  t er osion  classi  ca-
tion is carried out on the b asis on materials of the s ur-
vey dated on  April 17, 2013

According to logic al  model (Fig. 1), wi th i n  t he test 
far m of the K iro vohrad agrarian test area the “plo wed 
 soil” ma sk is class i  ed (Fig. 5) ,  al so   c lasses  of unifo rm 
 soils are isol ated according to their optical  characte r-
istics on the basi s of  the d ata on  physical  clay con tent .

Within the “plowed land” mask  ve soil classes were
isolated (Fig. 6). The analysis of the uniform soil 

classes areas states that the basic (background) classes 
are: chernozems ordinary heavy-loamy (class 1) and 
chernozems ordinary light- and medium-loamy (class 
2), their combined rate is 80 per cent of the total area. 
The area of the  fth  class is equ al to only  2 per cent 
of the tot a l a re a ,  but a fter join ing to  the four th class, 
whi ch spectral p roper ties  are v e ry similar ,  they  occupy 
t  ogether about 5 per  cent. Theref o re, th e se  two  classes 
were united for th e de velopment of  t he mul t i ple regres-
sion models.

The radiomet r ic cha r acteristics in the separate chan-
nels of the shot were determined, samples for the uni-
form classes were formed and the correlation matrix 
of t he r adiometric ch a racter i stics together with humus 
content were calculated for each point of the training 
samples within the uniform soils classes (Table 1).

The negative values of the correlation between the 
spectral values and humus content were observed. 
Furthermore, it turned out that for each soil class high 
correlation coef  cient has different combination of 

Table 1. Landsat Spectral and Spatial Parameters and Pair Correlation Coef  cients for Humus Content and Radiometry*

Spectral channel Wave 
length, m

Spatial 
resolution, m

Chernozems ordinary 
heavy-loamy (class 1)

Chernozems ordinary 
light- and medium-loamy 

(class 2)

R 1
R 2
R 3
R 4
R 5
R 6
R 7
R 8
R 9

R 10
R 11

0.433–0.453 
0.450–0.515 
0.525–0.600 
0.630–0.680 
0.845–0.885 
1.560–1.660 
2.100–2.300 
0.500–0.680 
1.360–1.390 
10.30–11.30 
11.50–12.50 

30
30
30
30
30
30
30
15
30

100
100

0.08616424
0.18671322
0.38384836
0.32709449
0.31383183
0.27921164
0.16285069

0.14082281
0.44868727
0.48759112
0.08616424

0.17508811
0.13465445
0.14096474
0.43665725
0.00590255
0.29464546
0.0224444
0.16322813
0.1352743

0.17323846
0.21780346

* The training sample for the 3rd and 4th classes was too negligible for two classes formation.

Fig. 6. Optically-uniform soil classes chart within the plowed lands of the Kirovohrad ATA testing farm
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spec tral channel s. This con  rm s t he e xpediency  of 
soils  su bdivision.

The multiple regression  equ atio ns were  calculated 
and valid ated  by  the method of multi ple reg ression 
for  each sample. For the  rst soi l class the total val-
ue of regress ion f or the  depend ent varia ble composed 
0.8539 1, for t he second class – 0.7 9 9 607. A ccording  to 
the  results  of validation absolute  error for  the   rst  class 
was equal to  0.32 per  c  ent, for th e  second one – 0.28 
p er c ent,  relat ive er ror –  9.0 per cent and 7.4 per  cent  
respectiv ely. At the  fol lowing st age the  humus con-
tent was  est imated with  th e app lication of a scan ning 
calculator basing on the output photograph within the 
separate  unifor m c lass and correspondi ng p lural  linea r 
  regr essi on equ ation (Fig.  7). 

For the differentiation of the erosiveness (washout) 
degree the data on the humus content in various ge-
netic horizons of the soil pro  les are used, which were 
allowed for various soil classes, and also for various 
sections of the researched area from the point of view 
of morphometry (slope angles). Thus, the appropriate 
gradations of the erosiveness classes are obtained for 
each uniform region (Fig. 8, a). The automated gene-
ralization  (po st-classi  catio n) of i mage is carr i ed out 
after dec odin g, which  con sists in the r emoval of s mall 
out lines.

Th e determinat ion of e rosiveness  on the plant cover.  
The erosive ness  degree  wa s es timat ed using the  data 
of  high sp atial resolution from the RapidEye satelli te 
dated on  A pril 11, 200 9 .   With in  the  agrarian te st area 
loc ated in the Myroniv ka district of Kiev regio n, on e 
unifor m soil    r egi on   –  d e ep   low -humus chernozems – 
is de termined, and also the  di strib ution of the mask 
of t he arable  land i nto three  cl asse s is car rie d out:  the 
plo wed so il, the soil c rop ped with winter cul tures  and 
t he unp lowed soil. The selection points  of the  tra ining  
sa mples  were within the plowed land  and winter cul-
tures sowi ng.

Within the se le  cted class  of winter cultures  sowing 
t he  brig htness index (BI) p rop osed  by Mat hi eu [ 11] is 
u sed f or the cl assi   ca t ion of sheet erosion as the medi-
ate in dicat or.  The index is  calcula ted w ith the  following 
f ormul a:

w here R  is the spectral   brig htness  coef   cient for the 
correspo ndent c hannel. F or t he R apidEye d ata it   has  
the following sh ape: 

while for the spectral range “red edge”  

The following v egetation coef  cients  were  est imated: 

NDVI = (R5  R3 )/(R5 + R3) 
and NDVIR E =  (R4  R3)/(R4  + R3),  

w he re R  is i-th  spec tral channel of  the Rapi dEye sat ell ite.
The generated correlation matrix (Table 2) allo wed 

 to calculate the multiple regression equation for the 
plowed soils:

H = 9.902789–0.062484  R2+0.014422 R3–
–0.006204 R4+0.013109 R5, 

where  is the humus content, also for the soil planted 
with winter cultures, 

H = 5.5626+2.0184 NDVIRE43–0.0187  BI.

Fig. 7. Humus content distribution chart generated on the 
basis of the space survey data

Table 2. Pair Correlation Coef  cients for Humus Content, 
Radiometry and Vegetation Indexes as Reported by Rapid 
Eye for Uniform Soil Class on ATA Myronivka District, 
Kyiv Region

Vegetation Index, Channel, 
nm

“Winter 
Cultures” 

Class

“Plowed Soils” 
Class

R2 (green), 520 590
R3 (red), 630 685
R4 (red edge), 690 730
R5 (near-infrared), 760 850
NDVI
NDVIRE43
BI
BIRE

0.632
0.553
0.242

0.438
0.519
0.578
0.593
0.479

0.690
0.319
0.301
0.368
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The  total  value  of  regression  for  the  dependent  vari-
able  composed  0.78198  for  the  class  “ plowed  soils”, 
 while 0.78566 for  the  class  “ winter  cultures” .   Accord-
ing to  the  results  of  validation,  the absolute  error  for 
 the  plowed soil  was equal  to  0.27  per cent,  and  for  the 
soils planted with  winter  cultures –  0.29  per cent,  while 
the relative   error  was 9.0  per cent and  8.1 per cent re-
spectively.

Further  technological steps in data processing  are 
identical  to the  classi  cation  of the sheet  erosion as for 
the  plowed soil  and are completed  with  mapping  of the 
 eroded  soils  ( Fig .  9 ) .

Risk estimation  of the  erosive  processes development . 
The rate of  elds on the  slopes of  more than  3º was 
used as  the indicator for  the    risk estimations  of the  ero-
sive  processes development  within  either the  separate 
agrarian farm,  or  administrative  unit.   If  it  comprises 
 less  than  10 per cent  of the arable territory, the area 

has  the  weak  level  of the  erosion manifestation risk; 
 from  10 -20 per cent  –  the  average  level  of  erosive  risk , 
 more than  20 per cent  –  the  critical  level  of  erosive risk . 
  These  data  are used  for  substantiation  and  developing 
 the  anti - erosion  measures ,  among  which is the contour -
 reclamation management ,  soil management system  and 
 planted  areas structure  correction.

So,  fo r example,  th e to tal ar ea of  ag ricultural la nd in 
the Ki rovohrad ATA testing farm co mposes 47 .67 km 2, 
 while th e area of  elds on th e sl ope of mo re than 3º  
is 14.7 km 2, ac co rding to the  ERS  data, wh ich corr e-
sponds to 3 1 p er cent of t he  tota l area  (Fig .  8,  b ) .  T h us, 
the farm has  the  crit ical leve l of e ros iveness risk  and 
 requ ires impl ementation of the soil protection contour-
rec l amation syst em.

CO     NCLUSIONS
Application of c ont emporary info rmation technolo-

gies of t he  Eart h remote sensing, together with geo-

. 8. Soils erosion chart (a) joined to slopes angles chart (b) classi  ed on the Landsat 8 data

Fig. 9. Humus content (a) and soils erosiveness (b) estimation within ATA at plowed lands and planted with winter crops on 
the RapidEy  data
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i nfo rmation and  glob al posi tioning technologies pro-
vides the  oppo rtunity of prompt obtaining info rmation 
abou t the  prop agation of s oil  erosive deterioration in t he 
 agro land scapes over the  larg e terr itories and  carrying out 
the  reli able upda ting of i nfo rmation abou t the  stat e of 
s oil  cove r, in  p articular, th e  thre e-dim e nsional prop aga-
tion of w ate r eros ion both  with in the  limi ts of s epa rate 
agrarian farms and  admi nistrative units.

Th e ability of t he soil  water erosion degree classi  ca-
tion acco rding to the  data  of t he up-to-date ERS  multi-
area syst ems of h igh  spat ial resolution is  proven. The 
logi cal mode ls of d ete rmination and  iden ti  cation of 
s oil  water erosion and  auto mated clas si  cation models 
of t his  proc ess acco rding to the  ERS  data are proposed.

The mate rials of t he remo te dete rmination of t he ero-
s ive proc esses risk is t he  fund amental base for  plan ning 
of d eve lopment and  implementation of m eas ures for 
 the  opti mization of t he agri cultural land scapes struc-
ture and  soil management systems, also  for  the crea tion 
of t he soil  economical utilization and protection pro-
grams, in tr oduction of s oil - and  water-gua r ding mea-
s ures in t he  agro land scapes.
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