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THE INFLUENCE OF SOIL CONDITION TO SATELLITE IMAGE
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200300 100

oooo oOooo

goooooooooboobon
oOoobOo0OO0o00On0 1055165

goon



00

ocooooboobooooobOobooo0obobooooOOobDOobOoobogbobooooo
coooooooooobOobOoooobOoOooooOOobDOobobooboobooooooo
coooooooooobOobOoooobOoOooooOOobDOobobooboobooooooo
coooooooooobOobOoooobOoOooooOOobDOobobooboobooooooo
ooooooooooooo

ocooooboobooooobOobooo0obobooooOOobDOobOoobogbobooooo
Uboo0b0ob0ob0obobOobOobOobOoboOob 998000 2002b00000 80000
coooooooooobobOoooobOoOooooOOobDOobobooboobooooooo
coooooooooobobOoooobOoOooooOOobDOobobooboobooooooo
coooooooooobobOoooobOoOooooOOobDOobobooboobooooooo
ooooog

gbobobooboooboboboboobobboboob0obD0o0bO Band OO0
Landsat7-ETM O 000000000000 DO0ODO0OOO0DOODOO0ODOODOO0OODOO
ooooobooboooobOobooo0obobooooOOobDOobDOoobogbobooooo
ooooobooboooobOobooo0obobooooOOobDOobDOoobogbobooooo
ooooobooboooobOobooo0obobooooOOobDOobDOoobogbobooooo
ooooobooboooobOobooo0obobooooOOobDOobDOoobogbobooooo
ooooomooooooooooooobooooo0oobDoobOoOoobooDboo
ooooooooooboog

oooobooboOo0oO0OobOoboooobDOoboboOobDObobOboOooobooooo
U0OONDVI DO0ODOOD0OO0OO0ODOO0ODbO0ObOobObOOobObOobObOOobDOo0obOooDbOo
NDVI Normalized Difference Vegetation Index: D 0 O [0 00-0.031 00000000
Uboob0ob0obOob0 Bandd DD UODOODOODOODODODODODODODOODOO
Uboo0b0ob0ob0obobOo Band7 UOOOODOOOODOOOODOODOODOOOOOO
gbobboobobooboobdbdBand7 D OD0OOO0OODOOOOODOODOODOOOODOO
oboboboobobobdBandd DO OODOOOOODOODOODOODODOOODO
coooobobooooboboooobobooooOUobOobOoobogbobooooo
coooobobooooboboooobobooooOUobOobOoobogbobooooo
gboboboboboboboboboboboboobobDOobd Bandd 6000
ASTEROO0OO0OO0O000O0O0O0O00000O0



ABSTRACT

Nowadays, an observation of soil condition using satellite remote sensing on bare soil areas is still
in progress. However the observation methods have not clearly explained the reflectance spectrum
corresponding to soil conditions. Therefore it is important to study the relationship between ground
truth data and remote sensing data.

Topographic feature, soil grading, soil moisture, base rock and vegetation might have some
influence on satellite image. Ground truth on such soil condition as topography, soil moisture, soil
grading and soil color had been carried out in Mandal-GOBI, Mongolia on every August from 1998
to 2002. The test area has clear atmosphere and uniform land cover. In this study, Landsat 7 -ETM
was used. Because its data includes a short wave infrared band which can detect soil condition.

The result of ground truth showed the effect of soil moisture and soil color could be disregarded.
Because Soil moisture was very little and unchanged unaffected by the topography in the test area,
and the soil color was almost uniform in the test area. Topographic influence could be easily
removed from Landsat 7 image by the shading image. The removed topographic influence image is
called “corrected image” in this study. Soil grading was classified into five categories by visual
interpretation from surface images.

In the test area, vegetation was very little, and the average of NDVI on the corrected image was
-0.031. Band 4 of the corrected image was efficient to detect vegetation rather than soil grading.
However Band 7 of the corrected image was efficient to detect soil grading in such thin vegetative
area. Value of Band 7 corrected image had tendency to decrease with big soil grading. The gravel
might made low reflectance because of shadow by gravel-self. On the other hand, the fine sand
might make high reflectance because of no shadow. However this tendency included errors because
of a wide distribution of corrected image values in each category of soil grading.

As a future study, the derived image will be compared with soil spectral reflectance information in
detail. Moreover, ASTER data will be used because of having six short wave infrared bands. It will

be more efficient to detect soil condition.
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_ Cov(S, X)

* = 3.3.0)
1 n
Cov(S, X) =D (8 = H)(X ~ 1) (332)
i=1
2 _ l 2
Os = n Z(S lus)
3.3.3)

1
U>2( = EZ(Xi _lux)2

px00000000000O Landsat7 0O BandO O OO O
CovSXUOUODOOODOUODOD Landsat700 Band O O OO

gLooooogooooooon M xU Landsat7 1 Band U 0 0O O
sbooobooooboobon XiJ Landsat7 0 Band U 0 0O 0O O
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0 3.2 Landsat7-ETMO0 BandOOOOOOOOOOOOOOOO

Band Num. Correlation Coef.
Band 1 0.40
Band 2 0.53
Band 3 0.65
Band 4 0.76
Band 5 0.78
Band 7 0.75
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[ A.30 The Possibility of Soil Monitoring using Satellite Remote Sensing in the Mongolian Grasslands
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ABSTRACT

Nowadays, an observation of soil condition by remote sensing on bare soil areas is a continuing project. However the
observation methods have not made the clear explanation of the reflectance spectrum by soil conditions. So it isimportant to
under stand the relationship between remote sensing data and ground truth data. Soil condition includes many factors such as
soil moisture, topography, soil acidity and soil grading. In this study, a ground truth reforestation study of soil conditionswas
carried out in Mandal-GOBI, Mongolia in August of 2000. Observed items were topography, soil moisture content, ol
moisture suction and soil grading. The researchers carried out the ground truth verification. Soil moisture was unchanged
according to the topography in test area. Therefore, the influence of soil moisture was disregarded in the test area for satdllite
imaging analyss Consequently topographic influences could be easly derived from the original satdlite image. The
resulting corrected image will be helpful for using soil observation; however, the meanings of its brightness pattern need
future study. And the researchers will obtain soil spectral reflectance information in the test area and compare it with the
derived image which had the topographic influence removed.

1. INTRODUCTION

Soil observation using remote sensing usually uses a microwave sensor and optical sensor with a narrow short wave infrared
range. Microwave is used for measurement of soil moisture content, and short wave infrared is used for classification of
geology. However these observation methods have not clearly explained the reflectance spectrum corresponding to soil
different conditions: soil moisture, topography, soil acidity and soil grades. Moreover land cover and atmospheric conditions
make difficult analysis. Due to these errors of omission, it is important to study the relationship between satellite imaging and
soil conditions. It is necessary to carry out ground truth verification of soil conditions in uniform landcover areas.

2. OBJECTIVES

This study aim is establishing observation method of soil conditions using satellite remote sensing. It is important to compare
satellite image with ground truth data. As ground truth on soil conditions, topography, soil moisture content and soil grading
must be observed. Test area was selected in Mandal-GOBI Mongolia because of clear atmosphere and uniform landcover.
The test area size was 2 km x 2 km. After that, the results of ground truth are concluded. Finally, soil conditions will be
compared with Landsat7-ETM image.

3. OBSERVATIONS RESULTS

3.1 Topography

Topography was surveyed by the kinematics method using PRI LT R § e
Icycle GPS. Numbers of observed points were 5487. DEM i e

b e P T 4

was generated as TIN (Triangulated Irregular Network)

o

- - Ll @ : e s # et g
using all surveying pqlnts (T Kadota, 2000). Figurel o < A
shows derived contour line from the DEM. i -,h"':-'. oL e i

e £l

3.2 Soil moisture contents

Soil moisture contents were measured by FDR soil moisture
meter. The instrument can measure a volume of soil moisture
ratio per 1m’. Measurement points ranged from 3 cm to 5 cm
in depth. These points were selected according to
topographic feature. Figure 1 shows the measurement points
of soil moisture. After that, the results were compared with
slope aspect and inclination that was derived from DEM.
Figure 2 shows relationship between inclination and soil
moisture ratio. Figure 3 shows relationship between slope
aspect and soil moisture ratio. Soil moisture had no tendency
with inclination and slope aspect. So it seems that soil
moisture contents might not dependence on element of
topography in the test area.
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Figure 1. Observation points of soil moisture content on

contour line which was derived from DEM
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Figure 2. Relationship between inclination and soil Figure 3. Relationship between slope aspect and soil
moisture ratio moisture ratio
3.3 Soil moisture suction =, fen e =
Soil moisture suction relates a drying degree within soil. 38 -t PENEPLT
When the suction is indicating high value, the drying degree & - 1| T T T T T [ \'.'_.
also shows high. This instrument was set up in surface, 30 g" I-': :| ANEEEEEEERErE dEEENE
cm and 60 cm in depth. Measurement period was two weeks - -4 x/._\pf + Surs
from August 7 to August 18. Figure 4 shows soil moisture E s b+ J- . W
suction and the change in time series. In this figure, Soil g A '-,_w-—-"# TP 11
moisture suction shows the highest value at noon in almost Eie o LA = T AP B
day (A Yoshino, 1999). So it scems that soil moisture was & ' “ T s W sl
influenced by sun elevation rather than topography. T e e e e B B e B A
4. RELATIONSHIP BETWEEN SATELLITE Figure 4. Soil moisture suction changing in time

IMAGES AND TOPOGRAPHIC RESULTS FEATURE
The results of soil moisture observation will be uniform at
same time in the test area. It means that soil moisture has
almost same status regardless with topographic feature in
gentle slope. And the landcover also showed uniform, in the
test area where is thin grassland. Therefore satellite image
will be deeply influenced by topography because of shading.
The hill shading will be related with spectral reflectance. In
this chapter the shading image will be compared with the
satellite image.

4.1 Hill shading

DEM was converted to grid type in 30m spatial resolutions
same as Landsat7. Shading value in each grid was calculated
using Lambert’s equation with use of DEM. Strictly, this
equation needs the parameters of reflection ratio on surface Figure 5. Shading image
and optical atmospheric thickness. However these

parameters did not use in this study. Because generated Table 1. Correlation coefficients between shading

shading image will just compare with satellite image value and ETM value in each band of Landsat?
statistically. Cosine value between light source vector and

normal vector of the surface was used for shading image

generation. Figure 5 shows derived shading image. Sun Bagld I:lhim Correle(l)tf(;l Coet
elevation and azimus were used same parameters as acquired ler: d2 O' 53
period of Landsat7 image. Band 3 0.65
4.2 Geometric correction of satellite images Band 4 07e

) t , Band 5 0.78
In this study, systematically corrected Landsat7 images were Band 7 075

used. Because selecting the ground control points was
difficulty in test area. This image can be corrected in high
accuracy using correlation with shading data, when position where the correlation indicates the highest was found by
shifting the satellite image. Table 1 shows the highest correlation between shading and each band. The results showed band
5 and 7 indicate high correlation. Figure 6 and 7 show the geo-corrected image.
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Figure 6. Geo-corrected Landsat7-ETM (Band 5) Figure 7. Geo-corrected Landsat7-ETM (Band 7)

4.3 Removing effects of topography
Satellite images are influenced by Topography. Figure 8 and 9 show relationship between the shading value and each band
value. An equation of the fitting line was calculated by regression analysis. Correlation coefficients showed 0.78 (band5) and
0.75 (band7). Therefore, band value can be estimated by shading value using following equation.

X=A*S+B (Equation 1)

S: shading value

X: Estimation values of band 5 or band 7.

A: Gradient of regression line 3.48651(band 5), 2.815579 (band 7)

B: Interception of regression line -200.868 (band 5), -159.81 (band 7)

By using previous equation 1, topographic influence in Landsat7 images might be eliminated. Transform can

be established by following the first order equation, which uses gradient and interception in previous regression

analysis.
Yij = Cij * Xijj (Equation 2)
Cij = Xmax / (A * Sij + B) (Equation 3)
Yij: After transform value in each pixel Xij: value of satellite image in each pixel
Cij: Transform coefficient in each pixel Smax: Maximum value of shading
Xmax: Maximum value estimated Sij: Shading value in each pixel

Figure10 and 11 show the image removed topographic influence by using previous transform Equation 2.
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Shading valus [oos @ W 2850 Shefing wiks [(oos i = 268)
Figure 8. Relationship between shading value and Figure 9. Relationship between shading value
Band 5 value and Band 7 value

4.4 Relationship between the image removing topographic influence and soil condition

In figure 10 and 11, there were bright areas in southern part. These situations might be come from soil condition. Because,
soil moisture was estimated a random value and topographic influence was removed. Unfortunately the reason could not find
by ground truth. The spectral reflectance must be observed as further study.
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Figure 10. Removing topographic influence on band 5 Figure 11. Removing topographic influence on band 7
image image

5. CONCLUSIONS

Ground truth was succeeded to carry out. The soil moisture has no tendency according to topography in the test area. The
influence of soil moisture can disregard in the test area for satellite image analysis. Therefore topographic influence could be
easily removed from original satellite image. This image will be helpful for soil observation. However meaning of brightness
pattern in the removed image was not understood. As future study, the soil spectral reflectance information in the test area
will be acquired and it must compare with the derived image which was removed topographic influence.
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ABSTRUCT:

Nowadays, observation of soil condition using remote sensing on bare soil areais ill in progress. Topographic feature, soil
grading, soil moisture, base rock and vegetation might be influenced satellite image. Ground truth on the soil condition
which is topography, soil moisture and soil grading had been carried out in Mandal-GOBI, Mongolia on every August from
1999 to 2002. The test area had clear atmosphere and uniform land cover. Moreover base rock might be assumed
homogeneity. In this study, Landsat 7 -ETM was used because of including the short wave infrared band which can detect
soil condition. Ground truth showed the soil moisture disregarded in the Landsat 7 -ETM image because of very dry
condition. Therefore topographic influence could be easily removed from Landsat 7 image by shading of digital eevation
moded. The removing topographic influence image called corrected image in this study. In observing area, vegetation
condition was very thin which average of NDVI using the corrected image was —0.031. And Band 7 of the corrected image
was efficient to detect soil grading in such thin vegetative area. Value of corrected image had tendency to drop with big soil
grading.

1. INTRODUCTION

Soil observation using remote sensing usually uses a microwave sensor and optical sensor with a narrow short wave infrared
range. However these observation methods have not clearly explained the reflectance spectrum corresponding to soil
conditions: topography, soil moisture, soil grading, base rock and soon. Moreover land cover and atmospheric conditions
make difficult analysis. Therefore it is important to study the relationship between satellite image and soil conditions.
Ground truth to get verification data set about soil conditions in uniform landcover areas is requested.

2. OBJECTIVES

This study aim is evaluating the influence of the soil condition in satellite image. It is important to compare satellite image
with ground truth data. As ground truth on soil condition, topography, soil moisture and soil grading, were observed. Test
area was selected in Mandal-GOBI Mongolia because of clear atmosphere and uniform landcover. The test area size was 2
km x 2 km. Base rock might be assumed homogeneity in test area. After that, the results of ground truth are concluded. Soil
conditions will be compared with Landsat 7 -ETM image. When soil moisture can disregard, topographic influence is
removed from satellite image using hill shading image ' (A YOSHINO, 2001). The image of removing topographic
influence will be generally influenced vegetation and soil condition. If Influence of vegetation can disregard from the image
using NDVI, the image will be compared with soil grading.

3. OBSERVATION ITEMS
B Oleservatnn Poamis of Sodl Mosshine Comenis

3.1 Topography Sl it A i s
Topography was surveyed by the kinematics method using - - __._.-‘,i:-:,- it
lcycle GPS. Numbers of observed points were 5,487. DEM 1o R j‘, 3 f g: 3
was generated as TIN (Triangulated Irregular Network) };‘.‘- L '-'}-; - : el hy
using all surveying points ® (T KADOTA, 2000). Figure 1 !41,".! Bz 2 SR u':*
shows derived contour map from the DEM. -"I i _ | P e

1 L SN - T+ :
3.2 Soil Moisture R e A
Soil moisture contents were measured by FDR soil moisture i == / ; !
meter. Figure 1 shows measurement points of soil moisture { = A :_ 5
content on the contour map. The soil moisture meter can T s . N
measure a volume of soil moisture ratio per Im’. g : f : l_
Measurement points ranged from 3 cm to 5 cm in depth.

Figure 1. Observation Points of Soil Moisture
Content on Contour Map
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3.3 Soil Grading

Soil grading was measured by CCD camera. The camera mounted on observation car (Figure 2). The CCD camera can
take surface images from 2 m height. Figure 3 shows measurement points of soil grading on contour map. Number of
measurement was 355. Soil grading was classified into five categories by visual interpretation from the images. Figure 4, 5
shows example image of class] to 5.

B O aien Pudiils il

=i
TR

SEp YA

\

Figure 2. Observation Car Figure 3. Observation Points of Soil Grading
on Contour Map

Figure 4. Instance of Soil Grading Category 1 Figure 5. Instance of Soil Grading Category 5

3.4 Used Satellite Images

In this study, Landsat 7 -ETM was used. Because Landsat 7 has short wave infrared band which can detect soil condition.
Product creation time of this satellite image was October 28 1999. The image was carried out geometric correction with
topographic map which generated by this ground truth.

4. RELATIONSHIP BETWEEN SATELLITE IMAGES AND TOPOGRAPHIC RESULTS FEATURE

4.1 Relationship between Soil Moisture Contents and Topography

The results of soil moisture contents were compared with slope aspect and inclination that was derived from DEM. Figure 6
shows relationship between inclination and soil moisture ratio. Figure 7 shows relationship between slope aspect and soil
moisture ratio. Soil moisture had no tendency with inclination and slope aspect. So it seems that soil moisture contents might
not dependence on element of topography in the test area ® (A YOSHINO, 2001).

4.2 Relationship between Hill Shading and Satellite Images

The result of soil moisture observation was uniform and very small quantity in the test area. It means that soil moisture has

almost same status regardless with topography. Therefore satellite image will be deeply influenced by topography because of
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shading. The hill shading will be related with spectral reflectance. In this chapter the shading image will be compared with
the satellite image.

DEM was converted to grid type in 30 m spatial resolutions
same as Landsat 7 (Figure 9). Shading value in each grid was
calculated using Lambert’s equation with use of DEM.
Strictly, this equation needs the parameters of reflection ratio
on surface and optical atmospheric thickness. However these

Table 1. Correlation Coefficients Between Shading
Value and D.N. of ETM in Each Band of Landsat 7

. . - Band Num. Correlation Coef.
parameters did not use in this study. Because generated
shading image will just compare with satellite image Band 1 0.4
statistically. Cosine value between light source vector and Band 2 0.53
normal vector of the surface was used for shading image Band 3 0.65
generation. Figure 8 shows derived shading image. Sun
. . . Band 4 0.76
elevation and azimus were used same parameters as acquired
period of Landsat7 image. Table 1 shows correlation Band 5 0.78
coefficients between shading on each band. The results Band 7 0.75
showed band 4, 5 and 7 have higher correlation (A
YOSHINO, 2001).
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Figure 8. Shading Image Figure 9. Geo-corrected Landsat7-ETM (Band 7)

4.3 Removing Effects of Topography
Satellite images are influenced by Topography. Figure 10 shows relationship between the shading value and D.N. of band 7.
An equation of the fitting line was calculated by regression analysis. Correlation coefficients showed 0.75 (band 7).
Therefore, D.N. of band 7 can be estimated by shading value using following equation.

X=A*S+B (Equation 1)

S: shading value

X: Estimated D.N. of band 7.
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A: Gradient of regression line 2.815579 (band 7)
B: Interception of regression line -159.81 (band 7)
By using previous equation 1, topographic influence in Landsat 7 images might be eliminated. Transform can be established
by following the first order equation, which uses gradient and interception in previous regression analysis.
Yij =Cjj * Xjj (Equation 2)
Cij=Xmax / (A * Sij + B) (Equation 3)
Yij: After transform value in each pixel
Cij: Transform coefficient in each pixel
Xmax: Estimated maximum value
Xij: D.N. of satellite image in each pixel
Smax: Maximum value of shading
Sij: Shading value in each pixel
Figure 11 show the image removed topographic influence by using previous transform Equation 2. This image called a
corrected image in this study.
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Figure 10. Relationship Between Shading Value Figure 11. Removing Topographic Influence
and D.N. of Band 7 Image (Band 7)

5. RELATIONAHIP BETWEEN CORRECTED IMAGE AND SOIL CONDITION

Vegetation condition must be considered to detect soil condition from the corrected image. Therefore the corrected image
compared with the vegetation and soil grading. Vegetation was estimated by NDVI using the corrected image. Average value
of NDVI in corrected image was -0.031. It was very thin vegetation and almost homogeneous.

Figure 12, 13 and 14 show average value of the corrected image in each category of soil grading. Each line on the figure
means tabulation result according to NDVI value. In case of low NDVI points, soil condition should be deeply influenced to
the corrected image. From these figures, the value of band 7 corrected image had tendency to drop with big soil grading. The
gravel might made low reflectance because of shadow by gravel-self. On the other hand, the fine sand might make high
reflectance because of no shadow.
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6. CONCLUSION

Ground truth was succeeded to carry out. The soil moisture
has no tendency according to topography in the test area. The
influence of soil moisture can disregard in the test area for
satellite image analysis. Therefore topographic influence
could be easily removed from original satellite image.

In this test area, vegetation condition was very thin which
average of NDVI was -0.031. And the corrected image of
band 7 was efficient to detect soil grading in such thin
vegetative area. Value of the corrected image had tendency to
drop with big soil grading. The gravel might make low
reflectance because of shadow and fine sands might make
high reflectance.

As future study, satellite image of ASTER will be used. Figure 14. Average Value of the Corrected
ASTER has six short wave infrared bands. It will be more Image in Each Category of Soil Grading
efficient to detect soil condition. (Band 7)
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