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ASSTRACT

This paper deals with a mathemat’ cal model of spectral reflectance
of soils at specified cloddiness siates, including its sunshine,
expressed by sun altitudes, It also discussed an example of an
zpplication of this model to an anal!ysis of the image contrast between
scil units after destructive activity of the definite rainfail, This

anz. ysis refers to panchromatic and infrared films images photo-
graphed a: different sun altitudes |, Initial loose deluvial soils, typic
znd ercdad grey brown podsolic soils, typic and degraded black
carths were among the 14 analysed soil units, The aim of this
analysis makkes it necessery to a specific procedure to evaluate

soil surface states after the definite rainfalli, A quantitative
corr=iation between clay content of soil clids and their dynamic
waterproof on kinetic energy of water drops was applied in this
procedure,

RESUME

Cette étude concerne le modéle mathématique de la réflexion
spectrale des sols étant dans des états déterminés d‘aglomération
tenant compte de leur éclairage en fonction de hauteur du so!eil,
E!le présente aussi | ‘exemple de | ‘application du modele en question
a | ‘anaivse du contraste d image entre les unites de sol choisies
sprés | ‘action destructive de la quantite déterminée des pluies, Ceite
" analyse se rapporte aux images sur le film panchromatique et
infrarouge prises a des hauteurs différentes du soleil, Les sols
‘nitiaux deluviaux, les sols lessivés typiques et érodés ainsi gue ies
terres noires typigues et dégradées étaient présentes entre les 14
unités de sol analysées, . Le but de cette analyse exigeait | ‘emploi

de |a méthode spécifigue pour évaluer les états d’agglomeration

de la surface du sol apres la quantité déterminée des pluies. Dans
cetie methode on a mis|a profit la corrélation quantitative entre ia
compacité de particule'argileuse des moties de terre et leur
imperméabilité dynamique a | énergie cinétique des gouttes d’eau .



INTRODUCTION

A surface cloddiness of ptnughedl soils is one of the most important
elements influencing the spectral reflectance of bare soils in visible
and near-infrared ranges, Studies which have been done up to the
present at the Department of Ameiiorative Pedology, Agricultural
University in Poznai, proved that the thesis that the cloddiness
influence reflected itself through self-shadowing of soil surface in
the sunshine /Cierniewski 1934/ is basically correct, This paper
is continuation of these studies, They have been sponsored by the
Iinstitute of Land-Surveying and Cartography in Warsaw.

The aim of this research project is to present a generalization of
refiectance level changes under the soil-shadowing in form of a
mathemalicai model, Besides, an example of a practical application
of this mocel is discussed, This example deals with an analysis of
spectral contrasis between selected soil units in sensitivity range

of panchromatic and infrared fiims including a destruction effect of
surface cloddiness under the rainfail at different sunshine conditions,

METHODS

“This study was carried out on typical soils of Ko&cian diluvial plateau
in Wielkopolska Lowland, :

The discussed model was evaluated on a basis of laboratory spectro-
photometrical soil reflectance measurements. They were determined
on 2 cm diameter air-dry soil samples in comparison with the barium
sulphate standard by the SPECOL reflectometerR45/0 of Zeiss Jena
firm. The definite self-shadowing of the soil samples was obtained
oy placing artificial soil clods of 2,5 - 4 mm diameter on the smooth
soil samples, The reflectance measurements were taken on smooth
samples without the sdil clods and on the smooth samples with
pespectively 1523 and 4 the soil clods, The artificial cloddiness of
the soil samp!as'enabled to precisely evaluate their surface self-
shadowing, expressed through a coefficient /S/ was calculated by
means of anaiytical geometry as participation of shaded sample area
in top view in comparison with the total attachement field of theﬂvlaw
area, The applied attachement R#E/D projects a wave at the 45 angle,
whil e its field of view is 16 mm diameter circle. The size and the
number of the artificial soil clods enabled reflective measuremant of
the soil samples in the self-shadowing condition range from 0, 026

to 0, 217 S. These measurements were carried out according to

a suggestion of Condit /1970/ at the five wavelengths: 440, 540, 640,
740 and 860 nm, The data concerning 80 different soil samples were
served as basis to work out the mathematical model.



The investigated soil materials were sampled from surface layers
of study area which have been observed for two vears from the point
of view of their cloddiness, The soil surface cloddiness was
quantitavely determined by computer image anal ysis of soil surface
ground photographs /Cierniewski 1985/, The sampled soil materials
were classificated in the field,

Laboratory soil analysis of mechanical composition and organic matter
content supplement this classification, The mechanical composition
was determined by aerometric method, while the organic matter
content was determined by burning at temperature asn”c.

RESULTS

Investigated soils

The investigated soils belong to initial loose deluvial soils, typic
and eroded /with Bt horizon on surface/ brown podsolic soils, typic
and cdegraded black earths, The initial soils are developed only from
-sand, while the typic brown podsolic soils from sand or sandy locam,
A mechanical composition of the eroded brown podsolic soils and the
typic black earths mrtespond to sandy loam or loam. The degraded
black earths generally.- have the texture of sandy loam or, rarely,

of sand, Data placed in table 1 and on figure 1 supplement general
proporties of the soil mentioned,

Table 1. Organic matter content /JOM/ and dry soil colour /C/ ranges
of the investigated soils,

Soils Symb?l OM
of soil /%/ s
unit
Initial loose deluvial soils Id 0.35-1.21 10YR 7-6.5/2

Typic brown podsolic soils Bt 0,98 -1.78 10YR 6.5-5,5/2
Eroded brown podsolic soils Be 1.32 - 2,183 10YR 6,5-5.5/3-5
Degraded black earths Dd 1.84 - 3,42 10YR 5,5-4,5/1-2
Typic black earths Dt 2.86 - 5,79 10YR 4, 5-4/1

Soeciral reflectance model

The resulis of the |laboratory studies demonstrate that the reduction
of the soil spectral reflectance caused by the self-shadowing of their
surface does not depend on membership to the definite genetic soil
units, This reduction was expressed as a ratio of self-shaded sample
spectral reflectance to this one of the same sample, but smoothed
/without seif-shadowing/. A relation between this reduction and the
self-shadowing coefficient of soil surface have the character of an
exponential function, It depends only on the wavelengths,
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Figure 1, Spectral reflectance curve ranges of the investigated soils



Therefore to its mathematical description 5 formulas were used
corresponding with th? wavelengths applied in the discussed studies:

-1.462 S. - o=1,324'S B -1.261 S
ﬁdﬂ;‘-l}:o' 976 e s pﬁm-u. 980 e - ;3640—0. 979 e !
-1.074 S -1.080 5
,‘3?&0=D. 978 e 1 Pggp=0-977 where
5} = reduction coefficient of spectral reflectance according

“440-8
2 to wavelenghts 440, 540, 640, 740 and 360 nm.

S=self-shadowing coefficient of soil surface.

The relation determined by the equetion mentioned above conform
to determination coefficient from 0, 802 to 0. 848,

The equationsexactly model mathematically the spectral reflectance
of a soil at specified its self-shadowing conditions which depend on
the definite soil surface cloddiness state and on angle of its
irradiation,

Example of the models using

This mathematical model was used to analyse an image contrast
between selected soil units at changing cloddiness state under
destructive activity of rainfall. It concerned images appearing on

a panchromatic and an infrared films, This analysis was considered
on the example of the five soils units mentioned above represented
by 14 soil investigated points. The two years field observations of
these points allowed to determine their soil surface cloddiness
parameters corresponding to cloddiness state developed after spring
ploughing done with dragging and harrowing. This initial state -
corresponds to rainless conditions, i, e, zero value of rainfall
kKinetic energy. Except this cloddiness state developed under the
rainfall kinetic energies of '1,5 and 10 x 10” “J were considered in
the soil contrast image analysis, We can compare these energy
values to the following amounts of average or stormy rainfall shown
in table 2,

Table 2, Relations between the assumed rainfall energies and
amounts of average and stormy rainfalls,

Kinetic energy Rainfall amount /mm/
/xln_zd/ average of 2. 5 mm stormy of 4. 6 mm
diameter drops diameter drops
1 75 13
L) 380 : 65

L1 i 755 130




= :
The energy of 1 x 10 ~J corresponds approximately to a single stormy
rainfall or an average summer monthly rainfall in Polish Lowl and,

The aim of this analysis makes it necessery to use in the first place
a specific procedure to evaluate soils surface cloddiness states after
the definite rainfall, A quantitative correlation between clay content
of artificial formed 1 em™ soil clod and its dynamic water-proof,
measured by kinetic energy of water drops was the most important
element of this procedure, This correlation is illustrated by the data
in table 3,

X 3 3
Table 3, Kinetic energy of water drops needed to destroy 1 cm soil
clod of definite clay content /Rzasa, Owczarzak 1980/,

Kinetic energi,r of water drops Clay content of soil clod
[x 10 "/ L%/
1 2
5 8
10 12

To evaluating of the soil surface cloddiness states under rainfall it
was assumed, that they do not change so long as its kinetic energy
balances the energy needed to destroy soil clods of the specified clay
content, Then their cloddiness parameters were reduced to half of the
initial values, These parameters were reduced again to half their
previous values, andso on, with evaluating soils cloddiness on the
nexi higher rainfall energy level, The cloddiness parameters were
reduced only to half of the values because part of the destructed clods
by rainfall then creat new clods of the smaller size, The soil surface
cloddiness parameters evaluated in the way described above are shown
in table 4

Self-shadowing of the investigated soils at the specified surface
cloddiness states including their sunshine was calculated using

an equation: _5 2 1831
S=0, 3845ZP + 0, 0346 + 2,87 x 10 ~ /90 - /™" where
S= self-shadowing coefficient of soil sur"r'ace,.

EP= participation of total soil ciod area in top view,

= sun altitudes in degrees,

This formula was determined experimentally on the grounds of field
studies /Cierniewski 1985/,

The aim of applying this model in the discussed example defines
simultaneously the ranges of spectral data corresponding to



Table 4, Soil surface sloddiness parameters after the definite rainfall.

Soil Symbol Clay Soil cloddiness parameters ccrriﬁmndiﬂg
point of soil content to rainfall kinetic energies /x 10 “J/:
No unit [ %/ 0 1 5 10
1 Bt 7 0. 40 0. 40 0, 20 0. 1.0
2 Ee 12 0. 45 0. 45 0. 45 0. 23
3 Be 14 0, 45 0. 45 0. 45 0. 45
4 Be 12 0. 60 0. 60 0. 60 0, 30
5 Bt 2 0. 40 0. 20 0.10 0. 05
6 Id 1 0. 20 0,10 0. 05 0,03
T Id 1 0,15 0, 08 0. 04 0. 02
g Dt 11 0, 45 0. 45 0. 45 0. 23
Q Dd 2 0. 20 0.10 0. 05 0. 03
10 Dd 0 0. 45 0, 23 0. 12 0. 06
11 Dt 8 0, 45 0, 45 0. 45 0,23
12 Dt 12 0.55 0,55 0. 55 0. 28
13 Dt 10 0.55 0. 55 0. 55 0. 28
14 Dt 12 0. 65 0. 65 0. 65 0. 33

Soil unit symbols according to table 1,

Table 5 |, Procentages of soil reflectance at measured wavel engths.
Soil Symbol Percentages of soil reflectance
point of soil at wavelengths /nm/;
No unit 440 540 040 740 860

1 Bt : 13 22 29.9 34,5 39

2 Be 11 19 28 3D 38

3 Be 12 20 32 39.5 41.5

4 Be 11.5 19. 5 28 35.5 33

5 Bt 15 24.5 31 38 42

6 Id 18. 5 28 35, 5 40,5 45

7 Id 19 28.5 Ty o) 40 44

e} Dt 13 15.5 18 23 S0

2% Dd 11 11.5 15 20.5 25

10 Dd 12. 5 14, 5 17 oS 29. 5
¥l Dt 2 el 11,5 14 8.5 24
12 Dt 11.5 12. 5 14.5 15 22.5
13 Dt 9,5 10 11.5 17 22
14 Dt 8.5 9.5 12 16 21

Soil unit symbols according to table 1,
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Figure 2, Spectral reflectance contrasts between selected soil units

in sensitivity range of a panchromatic /PAN/ and an

infrared /IR/ film,



the sensitivity of analysed film types, i, e. 400 - 700 nm for

a panchromatic film and 500 - 900 nm for an infrared film exposed
through a yellow filter, These spectral data were calculated as mean
values the measured soil reflectance coefficients at these ranges,

The limit refiectance coefficients of wavelengths 400, 500, 700 and
900 nm were calculated through multinomials suggested b:-,r' Condit
/1970/. The measured soil reflectance corresponding lo the investi-
gated soil points are shown in table 5, Results computed by the
mathematical model, i.e. the mean spectral reflectance of soils in the
investigated points corresponding to a panchromatic and an infrared
film including their specified cloddiness states after the rainfall and
the definite sunshine conditions are shown in table 6, The data
presented in this table served as basis to determine the soil spectral
contrasts between the discussed soilunits, The spectral contrast
anaiysis was limited to these scils which were most difficult to divide
on aerial photographs /table ?/, Figure 2 shows maximum and
minimum values of these contrast in function of the rainfall kinetic
energy and the sun altitude,

The demonstrated diagrams allow to draw the following conclusicns

from this contrast analysis.

1. The contrast between the initia! loose deluvial soils is simiiar
on both film types . This contrast grows with the increasing sun
altitude, It is highest at the low-level destruction of soil surface
cloddiness by r*ainfall.'

2, The difference of spectral reflectance between the typic and the
eroded brown podsolic soils is decidedly higher on a panchromatic
film, The minimum contrasts between these soils after thei rlow-
level rainfall destruction have negative values in this film, which
points to the fact that it is impossible to divide these solls in these
states of cloddiness, Generally, contrasts between discussed soils
grow with the increase of soil surface destruction, It only_z
insignificantly decreases after the rainfall energy of 5 x 10 “J
corresponding to about of the half year average rainfall or about
three times stormy rainfall,

3. The spectral reflectance contrast between the degraded and the
typic black earths is distincly higher on an infrared film, It grows
with the rise of sun altitude and with the intensification of destruc-
tive effect of rainfall|on soil surface cloddiness , It insignificantly
decreases, similarly. as between above mer}tmned 50|Is above the
value the rainfall kinetic energy of 5 x 10 “J.
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