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Estimation of Soil Moisture Using Pattern
Decomposition Method and Vegetation Survey
in Mongolian Grasslands

By

Avyako SEkivyaMa*, Sawahiko SHIMADA™*, Hiromichi Toyopa**
and Michinari YOKOHAMA***

(Received November 19, 2009/ Accepted March 12, 2010)

Summary : In this study, we conducted the measurements of soil spectral reflectance and soil moisture
content, and vegetation surveys over ten plots within the prefectures of Tov, Dundgovi and Henti of
Mongolian grasslands. We attempted to apply a method for estimating soil moisture content to the
field measured data. We also collected the data of vegetation species by the quadrate method, and
calculated the vegetation cover ratio. The soil spectral reflectance of land surface was measured using
a spectroradiometer which had a sensor in visible and near infrared wavelength (Wavelength range :
350-1050nm). For an application to satellite imagery of optical sensors, four spectral bands were
selected to be analyzed. The estimation method of soil moisture content by applying pattern decom-
position has already been reported. In this investigation, we found that the soil spectral reflectance
curve was steep when the soil moisture content is high, and becomes flat when the soil moisture
content is low. Thus, in the pattern decomposition method, the flat model pattern is defined as the
spectral reflectance pattern that corresponds to completely dried soil. The pattern decomposition
coefficient for the flat model pattern was calculated from the pattern decomposition method using flat
model pattern. The result of application of the suggested method to soil reflectance pattern from field
survey showed a negative correlation (¥*=0.72) between soil water content and the pattern decomposi-
tion coefficient for the flat model pattern. This high correlation was shown throughout all the soil
types in this study. The result of vegetation survey showed that there was a difference of soil water
content between the two survey plots where low vegetation cover ratios were recorded. The reason
for this result was assumed to be the effect of soil moisture deficiency or overgrazing.

Key words : Pattern decomposition method, Soil moisture, Reflectance pattern, Visible and near
infrared wavelength, Mongolian Grasslands

* Department of Agricultural Engineering, Graduate school of Agriculture, Tokyo University of Agriculture (Tokyo Uni-
versity of Information Sciences, Faculty of Informatics, Department of Environment Information)
** Department of Bioproduction and Environment Engineering, Faculty of Regional Environment Science, Tokyo Univer-
sity of Agriculture
** Department of Bioproduction, Faculty of Bio-Industry, Tokyo University of Agriculture



oo-0o-00-00

00 OoooooooooooOooooooooOoOoOoboo, obooboooboo, 0o
ooooooooooo—, ODOOOOOOOC0OO0O0, oOooboooooo

oood,
AL ¥4 B4 L (mm), F¥+SE
E Galium verum T -
E Poa attenuata A% -
E Elytrijia repens AxF} -
E Adenophora tricuspidoa Fxavf -
E Aster alpinus *U% -
E Heteropappus biennis * 78 -
E Pentaphylloides fruticosa NFE -
E Potentilla anserina vz —
E Geranium pratense Ty -
E Allium mongolicum IXE -
E Sophora flavescens ~ ARt -
E Salix rosmarinifolia A -
F Carex pediformis HY VTR -
F Leymus chinesis AxF -
F Poa attenuata AXF -
F Stipa glareosa AxE -
F Dianthus versicolor FFvakt -
F Artemisia adamsii *7% -
F Artemisia frigida *7F -
F Echinops latifolius *U% -
F Artemisia laciniata *7F -
F Stellera chamaejasme DrFau s —
F Allium polymhizum 2UF -
F Gypsophila dovurica F7vaRt -
F Pentaphylloides fruticosa NTR -
F Potentilla anserina vz -
F Scabiosa comose VAV YF -
G Chenopodium serotinum 7 Y E 153.243.5
G Chenopodium glaucum 7 YR -
G Corispermum delinatum 7 HYR -
G Ptilotichum canescens 77T F 543.3+0.4
G Iris lactea 7Y AR 23.8.0+£2.0
G Stipa glareosa AxF 176.0£1.1
G Leymus chinensis A3F 225.0+2.0
G Elytrigia repens AXF -
G Saussurea salicifolia *7% -
G Artemisia frigida X% 212.0+1.1
G Artemisia adamsii *7F 238.0£2.0
G Saussurea amara *7% 72.7£1.0
G Serratula marginata X7F -
G Cymbaria mongolica TR 120.3+0.6
G Corispermum mongolium 7Y E -
G Potentilla bifurca vz 153.0+3.5
G Caragana phygmaea ~ ARt 170.7+1.2
G Allium mongolicum 2%
H Chenopodium aristatum 7 IV E 54.7+0.4
H Chenopodium glaucum 7 Y E 81.0+1.9
H Chenopodium acuminatum 7 YR -
H Corispermum delinatum 7Y E -
H Stipa glareosa A3F 130.3£1.2
H Leymus chinensis A% 203.0+1.4




ooooooooooooooooo-00000000C0DOO0ObO

71

oo (@o)
AT F4 B4 B (mm), 3+ SE

H Cleistogenes squarrosa e -

H Elytrigia repens AHE -

H Agropyron cristatum AXF 277.7£2.0
H Carex duriuscula Vi ey —

H Artemisia frigida 7% 176.7£1.3
H Heteropoppus altaicus * 78 -

H Panzeria alashanica D% 161.0+3.7
H Caragana microphylla ~ AR 282.3+3.9
H Caragana phygmaea < AR} 165.3+0.9
H Allium mongolicum 2% 113.0£0.5
L Chenopodium aristatum THYE -

L Chenopodium glaucum THYE —

L Corispermum delimatum 7 vE 73.7+£0.7
L Corispermum mongolicum T HYE 84.7+1.2
L Chenopodium serotinum T PR —

L Dontostemon integrifolicus 77 —

L Agropyron cristatum AxF -

L Carex duriuscula J1 V7Y 120.3£1.2
L Artemisia frigida e 131.0£0.2
L Artemisia adomsii F7R 183.0+0.5
L Heteropappus altaicus xR 64.7+0.7
L Panzeria locorata VR -

L Caragana phygmaea ~ AR} 109.0+£0.4
L Caragana microphylla < AR} 234.743.0
L Allium mongolicum = U% -

M Agropyron cristatum AxF -

M Artemisia adamsii X% -

M Stipa krylovii *7R —

M Stipa krylovii e —

M Stipa krylovii e -

M Potentilla bifurca NI -

M Caragana phygmaea < AR —

M Caragana phygmaea ~ A% —

M Caragana phygmaea ~ A% -

M Leymus chinesis A X -

M Leymus chinesis AXH -

M Convolvulus ammanii e TA R -

M Convolvulus ammanii =% %oz —

M Ephedra sinica ~A TR -

N Agropyron cristatum A3 -

N Artemisia adamsii * 7 -

N Stipa glareosa * 78 —

N Cleistogenes squarrose AXE -

N Potentilla bifurca NIE -

N Saussurea salicifola e -

N Leymus chinesis AxF -

N Heteropappus altaicus * 78 -

R Capsella bursa-pastoris 777 R —

R Stipa glareosa A FF 547.3+1.8
R Achnatherum splendens A ) —

R Leymus chinesis A XFE -

R Agropyron cristatum AxF -

R Elytrigia repens AXF} —

R Elymus secalinus A F 725.7+0.4
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R Urtica angustifolia A7 73 F —

R Plantago virginica iz as=v 245.0+2.7
R Artemisia macrocephala X8 464.3+8.8
R Artemisia annua e 367.0+3.0
R Potentilla depressa NIR 248.0+2.2
R Medlicago falcata ~ A% -

R Lappula intermedia PN -

S Galium verum 77 A F 446.3+4.2
S Stipa glareosa AxF 127.0£0.6
S Elytrigia repens REN: 666.0£5.4
S Poa pratensis AxF -

S Adenophora tricuspidata FXavft -

S Kalimeris integrifolia e 311.0£1.9
S Thalictrum minor XA R 194342
S Aconitum barbatum XU E -

S Phlomis tuberosa V% 339.3+5.5
S Carum carvi VR —

S Dianthus versicolor FFvaft -

S Pentaphyllorides fruticosa INTR 315.3+1.1
S Potentilla tanacetifolia vz 353.7+3.7
S Rosa acicularis vz -

S Sanguisorba officinalis NTR 411.348.3
S Potentilla bifurca INTH -

S Geranium eriostemon PavA=4vg " —

S Trifolium lupinaster ~ AF 385.0+6.8
S Campanula glomerata VR RE -

X Filifolium sibiricum X7F -

X Aster alpinus e -

X Echinops latifolius *7F -

X Leontopodium ochroleucum X7k —

X Cymbaria dahurica )T YF -

X Stipa glareosa *7F —

X Stellera chamaejasme o Fav R -

X Polygonum angustifolium A -

X Chenopodium glaucum T IR 54.3+0.5
X Chenopodium acuminatum 7 I YE -

X Corispermum mongolicum T HWR -

X Kochia prostrata TR -

X Capsella bursa-pastoris 77T F 222318
X Stipa gobica AxF 118.7+1.4
X Stipa baicalensis AxF -

X Achnatherum splendens RES 873.3+4.6
X Artemisia adamsii e 292.3+0.4
X Artemisia macrocephala *UF 292.7£1.5
X Heteropoppus altaicus *7% 153.0£2.8
X Cymbaria dahurica SO AVA S -

X Potentilla bifurca NTR 28.7+0.2
X Convolvulus ammanii eV A 50.0+0.5
X Caragana microphylla ~ AR -

X Allium polyrrhizum 2 UE} 202.7+0.7
X Allium mongolicum 2 V% 203.0£2.9




