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S UMMA RY

This paper qantitavely determines the influenoe of surfa-
oe soil olod structure of bare soils on thelr speotral response
in the sensitive range of photographio teohniques. The study is
based on a thesis that the discussed influence refleot itself
throuzh self-shadowing of soil surface in the sunshine,

Lahoratory and field investigations, verified by desito-
metrie analysis of panochromatic aerial photograph imaga of soll
oover vwere used, It was found that of the self-shadowing of
lessivés soils and black earths on the level of thelr spectral
reflectanoe increases together with wavelength and 1s sironger
for bright than for dark soils. This influenocc is extremely
important, i.6, if oloddiness of the black ecarths were ocomple=
tely eliminated, the soils in question would be ochargoterizcd
by a very similar spectral reflectance as the lessives soils
in natural conditions.

RESUE

Ce papier détermine quantitativement 1'influence des structures motteuses
des sols nus sur la rénonse smectrale dans la qarme de sensibilité des tech-
niques de photogravhie. L'étude est basée sur une thise qui discute de 1'in—
fluence de la réflexion sur 1'auto-ombrage d'une surface de sol au soleil.

Des investigations au laboratoire et au cham contrOlées par des analyses
densitométriques d'images aériennes de couvertures de sol ont été utilisfes.
Il a été trouvé que 1'auto-ombrage des sols léssivés et des terres noires
avait un niveau de réflectance qui croissait avec la lonmeur d'onde et cu'il
&tait plus élevé oour les sols brillants cque mour les sols sombres. Cette
influence est extrémement bmportante et si la nigosité des terres noires
&tait 6liminée les sols seraient caractérisés mar une réflectance spectrale
tris similaire a celle des sols lessivés dans des conditions naturelles.



INTIODUCT ION

Surfaoce soil olod struoture is one the most important
elements conditioning differentiation of hare soil density ima-
ge on aerial photographs /1,2/. This term refers to soll surfa-
ce rougliness, oonneoted with oxfistence of different size and
compaotnoss of soil clods. These 1lluminated clods mencrate
partial self-shadowine of soil surface., Changes of the soil
olod otructure or solar altitude ocase visible modifioation of
soil optioal density on an aerial photograph because total
refleotion enerzy is modified by oehange of soll self-shadowing
area partiecipation,

The study resulis on quantitnvely determination of influ-
ence of surface soil elod structure on soil speoiral response
in aerial photozraphs sensativity range are presented in this
paper,

MU THOLS

This study was oaried out on typiocal soils of Koseian
diluvinl plateau in Wielkonolska Lowland,

The disoussed influence was 1nvestigated by laboratory
maasurcment of soil refleotunoe, These valucs were deternined
on 1.6 cm diameter eir-dry soil samplcs in ocomparison with the
barium sulphate standard by the SPEKOL-ltcfleotometer N45/0 of
Zaiss Jena firm in the range of 400-860 nm, The self-shadowing
of the soil surface was simulated by plaocing artificial shaped
spherical soil olods of 3-4 mm diameter on smooth soil samples.

An equation making possible oaloulating the self-shado-
wing coefficient of soill surface with natural oleddiness in
spcecificd solar altitude wes determined by zround photographs
image amilysis of soil with tha highest possible oled differen-
tiation., These photographs werc made from hcipght of 2 m by 80
mm onmaéra PINTACON Six TL in solar altitude range 18-56°. This
analysis was carried out hy image nnalysing computer Cambridge
Quartimet 720 of IMANCO firnm,

The laboratory investiration was verified by optioal
density mcasuroments of the soils with the use of panchromatio
aerial film FOTOPAN 10 sensitived in tlie range of J380-710 nm.
These aerial photographs in a scale of 1:10,000 were synohrony-
cally made w:l.ﬂ_l'taking photos on the ground at the solar alti-
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tude of 53.5° on 13N May, 1982, These densitometrio measure-
mants werea made by miorodensitometer GII Zelss Jaena through
0.5 x 0,5 mm slot,

The field investigations of the soils were supplemented
by their laboratory analysis ofimechanieal composition
/aerometrio method/, organic matter ucutadt /burning at tempe-
ratura 4GD”GX and so0ill moisture ocontent /in relation to wight
od dried soil at 105%¢/.

NESULTS

Aoocording to Polish soill olassification studied soil
cover represents lassives /erey=brown podsolio/ soils, eroded
lessives soils, initial denudative soils, degradated blaok
carths and proper black carths., A general characterization of
tiilese solls was suppplemontad by table II., Cloddiness of the
solls was descoribed in table I Ly their maximum diametor jﬂm/,
average diameter /B/ and partiocipation of total soil olod araa
in top view /Z P/.

Table 1 _

Soils ﬁﬁfnm/ g/cm/ TP .
Initial denundative soils <4 <q 0,08-0,15
Lessivés soils <5=T 1.,3-1.8 0.3 =D.41
Degradated black earths <9 1.0-1.7 0,25-0,15
Proper blnok earths 15 1,7=2.7 0,3 =0,75
kroded lessivas soils 8=15 1,3-3,0 0,35-0,75

The lessivés and initial denudative soils 1lie on a field,
whioh was draged, harrowed and sawed with oorn 8 day befors
takingz photogranhs, The bhlack sarths lie within the neizhbo-
uring field., It was again sowed with spring wheat after winter
wheat had been freeczed. Immediately before taltinz photographs
the wheat 7-10 om hich were eliminated from the investigated
points,

The present study is based on a thesis that the disoussed
influence refleot itself through self-shadowing of illuminated
soil surfaoc, The seélf-shadowing ooeffioient of soil surfaoce
/S/ rafers to partiocipation of shaded soil area in top view in
comparison with total soil area beinz analysed,

The artificial cloddiness formed on the soil samples
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ennblad to preoisely oaloulate of the shaded soil area in the
samples and also snabled to determine thair speotral reflsotan-
oa ourves by speoifisd self-shadowing ooaffioients., The results
obtained this way demonstrate the strongar influenoce of the
self-shadowing ooafficient on speotral response for soil with
high level speotral refleotance /initial denudative and
lessives soils/ than for soil with the level being low /black
earths/ /Fig. 1/,
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Fig. 1. Typioal speotral raflecotanoe ocurves of studied soils
in different self-shadowing oconditions /S/.

The dilagram in Fig 2 shoxs an average reduotion of spe-
otral rafleatanca level /AR/ among the above mentioned solls,
oaused by their self-shadowing, expressed through self-
shadowlng doaffioient of soil surface /S/ in speaeified wavalen-
mth /A/. 1t also proves olearly, that the influenoce of soil
gelf-gshndowing on thair speotral responsa Inoraeanses with the
wnvalangth,

During this researoh it was attenmpted to find the means
for ealoulating the self-shadowins coefficient /S/ in speocifiaed
solar altitude /of/ in econditions of naturnl soil oloddiness.
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It was found that this coofflolent can be ocaloulated by means
of n simple parameter for maoroscopic evaluatin of soll surfa-
ca struoture, daeterminig partieipation of total soll olod area
in top view /ZI’/. This parameter can be avaluated even by
using the diagrams designated to a visual evaluation of a blaot
partiocipation in soil profile. The exponential equation:

S = 0,3845EP + 0.,0346 + 2.87 x 10" °/90 ~oy2+1831

desoribes this relationship in the range from 15 to 60? on a
significenca level lower than 0,05.
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Fig,J. Average speotral
Fig.2. Reduotion of soi1l refleo- rcfleaotance ourves for leaai-
tance /oil/ in self-shadowing /S/ wves solls and black eartha in
and wavelength /A/ funotions, smooth and natural oonditions

The equation mentioned above and the eguations showad on
the diagram in Flg 2 were used to drawing average speotral
ourves of the lessivés soils and black earths corrasponding to
their natural oloddiness in angle of inoidenoc 45°2 applied in
laboratory speotrophotomstrio investigation /Fig,3/. These
ourves demonstrated that the discussed influence 1is extrroaeds;
important, i.e, if ocloddiness of the blaock earths wera comple-
tely climinated, the soils in question would be oharaotarirad
by a similar speotral refleotanocs as the lassives soils in
natural conditions,

Corraotness of these laboratory Investigation results,in
the sensitlive ranga of photographlic teohniques, was also
verified by densitomaotric analysls of aerial panchromatie film.
This analysis was made on the bhasis of disoovered rolationshiip
connacted withh the laboratory desiygznated soll refleotance dntan
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Fig.4. lelatlion
between avarage soil

R“lnmtﬁﬂﬁﬂ-l‘!.'&h P elle rﬂflﬁﬂtilnoﬂ It, S'ﬂlr-
Rgm. 082 6590 715980 ¢ 201500 Lx) gshndowing ocoafficlent
of soll surface /S/
17 18 ta 20 2t 210D and ﬂptiﬂﬂl density of
image in the aaerial
film /b/.

/in the range of the used film/ with ocorrosponding values of
the soll optical density on the film and the galf-shadowing
coaffioiants of tha soil surface during aaerial photograph
taking., Moisture of tha soil cover to 1-2 om depth during this
aerial photograph taking was so low that it would not reduoe
theilr speotral refleotance leval in oomparison with ocompletely
dried soil /i/. The diagram in Fig.4, showing this relationship,
was vorked out on a base of two linear eguations referring to
data of similar values of the self-shadowing onefficiont
/points 6,7,9 and 8,11,12,13 in table II/, This relationship,
wag determined o a siznificient leval of about 0,05. It
corfirme the corrcotness of the labhoratory investigations
results compared with the stronger influence of tha self-
shadoving coefficient among bright soils than dark one. It
mznifests itself thes faot that modification of the self-
shadowing coefficient of 0.1 among the black earths /of the
avera~e peroent of reflectanoce betwaan 11-15/ pgenerates a
ohange of the optical density on the aerinl negative of about
0,06 D, whereas among tle lessivés soils /of the average
peroent 19-35/ - of ahout 0,08 D. The above mentioned data also
oonfirms the laboratory observation, that if oloddiness of the
blaek carths were ocomnletcly eliminated, these soils would be
chalacterizad by a siailar speotral reflectance like the
lecasivés soils with natural olods, because the average optiocal
dansity o7 tie first soils in natural condition D = 1.43 would
inerease without olods to D = 1.66, whose value ocorrespondad to
the lessivés sofls in natural conditions.
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CONCLUS 10%S

1.

3.

5.

An influence of surface snil oled structure on speotral
responsa of bare soill cover manifasts 1tself through a self-
ghadowing of illuminnted soll surfaca.

The influence of soll surface self-shadowing /in the range
of 400-900 nm/ on the speotral refleotance values rises with
a wavelangth,

Bright solls like the lessivés demonstrate a larger deorease
of speotral reflectance because of the inorease of their
self-shadowing than dark soils like the blaok aerths.

The influenoe of self-shadowing of the soil surface 1is so
extremely important, that if oloddiness of the blaok earths
ware completely eliminated the solls in question would be
oharacterized by a similar speotral refleotanoce level as

the lessives in natural conditions,

The self-shadowing coaffioilent of the soil surfage in
natural oonditions in speoified solar altitude oan be
oaloulated by a simpla parameter for maoroscople evaluation
of the soil surface struoture, determinis partiocipation of
totnl soil clod area in top view,
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