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Spectral Reflectance of Soils Related to the Interaction of Soil
Moisture and Soil Color Using Remote Sensing Technology
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Abstract

Recent advances in remote sensing techniques provide the potential for monitoring soil color as well as
soil moisture conditions at the spatial and temporal scales required for detailed local modeling efforts. Soil
moisture as well as soil color is a key feature used in the identification and classification of soils. Soil
spectral reflectance has a direct relationship with soil color, as well as to other parameters such as soil
moisture, soil texture, and organic matter. We evaluate the influence of seven soil properties, soil color and
soil moisture, on soil spectral reflectance. This paper presents the resuits obtained from the ground-truth
spectral reflectance measurements in the 300-1100 nm wavelength range for various land surfaces.

The results suggest that the reflectance properties of soils are related to soil color, soil texture, and soil
moisture. Increasing soil moisture content generally decreases soil reflectance which leads to parallel curves
of soil reflectance spectra across the entire shortwave spectrum. We discuss the relationships between the
soil reflectance and the Munsell Soil Color Charts which contain standard color chips with colors specified
by designations for hue, value, and chroma.
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Table 1 Soil classification and grain size distribution of seven station soils

Soil sample Sampling site Classification con\:iitt?r% ) S(i/:u)j (So}it) (Ci/j}),
Soil-1 Miho river Sand 0.15 100 0 0
Soil-2 Ochang A Loam 16.57 5283 38.11 1472
Soil-3 Cheongju Sandy loam 2132 67.31 30.17 252
Soil-4 Ochang B Loam 2546 36.33 4057 2310
Soil-5 Boeun Silty loam 38.11 29381 65.19 5.00
Soil-6 Meheang Silty clay loam 64.92 697 66.24 26.79
Soil-7 Sonchang Silty clay loam 7298 157 64.84 3359
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Fig. 2 Soil reflectance spectra for Seil~1 at varying
moisture contents
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Fig. 6 Soil reflectance spectra for Soil-5 at varying
moisture contents
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Fig. 3 Seil reflectance spectra for Seil-2 at varying
moisture contents
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Fig. 5 Soil reflectance spectra for Soil-4 at varying
moisture contents
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Fig. 7 Soil reflectance spectra for Soil-6 at varying
moisture contents
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Fig. 9 Soil reflectance spectra for seven soils in the
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Fig. 10 Ilustration of a) Munsell which is measured in terms of hue, value, and chroma
and b) RGB color systems which is measured in terms of red, blue, and green components

o] NEARO 0.9%% 7P} Hon Soil-39 At

27} 11.6%% %A Uehdoh H3 Zo] d
"?‘1 el A9 7HAFH (340 m) oA A

EHEHFEHED AEREYY o
L}E}kkﬁ}. =49 #F1100 mofHe  E

(16.4%) 9} AEHD HEE(19.3%) 9 dAHE
wigh Zo] Fouf AFES A 40.1%E WT &
o 9 WFE 7] £07 B RYHER A
EEHEYEEAIE £08 eyt weba
B i wigl wE BgAEg e 249 5
BN Ak ¥ 2HMALE st Fol
2 9, 23 AF Ay Prd xE3E WE

i

ft

St ma 4Ed 49 A9t U 5ok
Hld) W3 Eo] A o e,

3 S M0 T STNEN

drHog ok Mo wWE EFY EiE EY
o] S Fig. 10 a)2 Munsell A ‘:ﬁm):‘é o]-g
gty EH3tL 9tk RS AEE &Esio] BEYY
B3, 28 E4E AHE vole WS
o) gt} B Me| wgo] 7Fsd Ao’

RGBAS 4 5“33 T ESF Al W) o) &
S Munsell St AR £4& Zheth wepy

Journal of the Korean Society of Agricultural Engineers, 45 (5), 2003.9 81



RS 71M& ol 8% BT &

Mo @AW Eopel Baukap

Baukale 24" RGBAIY A FA QA Mun-
sellZl (3£7]: hue, value, chroma)d E% Aoz
Walo] 7Vzg Zloltt o] #AE vehdE us
213} 2t}

.3:(043)“(61’31?)—(03 G)

7-_—(&16)-’(0'11?) ....................................... (2)
714, R: B (Red) %, G: =™ (Green) 3

A B: 3 (Blue) 4.

RGB 371A) M9 zstoz FEu= AN} x
ot HEE MunsellAlg 22 ez de
2o vepd 4 Q.

A A (hue) = tan ‘1(%> ................................. (3)
A % (saturation, chroma) =V g2+ 72 wwereens(4)
W% (value) = @+ (R+ GA B)eerereereeereeeenenne 5)
grob, g=0, M4=%9%, F R=G=Bon(6)

Munselld] ¥ Z¥E
Zoldl 7+& RGBAZ ®Wgs 7A9= ¢
=]

N
27} & MBPHAS o)gak WBe)] FRssi.

Red=((a,V)—(a S sinH)— (@3S cos H))
Green={((a-V)+{(a:S- sinH) — (23S - cos H))
Blue=((a,V)+(a4S- cosH))

o714, V: WE(Value), S: W=
Chroma), H: A’ (Hue).
Fig. 10 b)& #3WAEAEAM HSS 3
43le] dojzl AFE At Fojoh A (hue) &
ofpiake] wel o] FUMESE B g
Ve, B (value) ¥ EYE B oF¢ Hx
g Uehjie 8] #eE HEA YEFEWAHE
AECEYAIIE =07 Yepgrh dukaoz

(Saturation,

r& ©l

82

Tt =2 EYSE U Bk ug B3Nl
2 =A JeRdoh A= (saturation, chroma) &
A ATE Ul oz HEF HEEHY
AIGECEAEZE ¢ ottt EoF Ho u&

it i

EFAEAS BT REY Wl nE i
AR ol AR WEE HSih o)k 2o
Eoo] 7= E%* A s gAEet & ol g
dlo] S Munsell & TE9 A5 #Hgks)

o 9 £E AT 7 Yrh
I EYH By

AR BsE st 558 £3
& = A w650 mm, ©1F Reso
--)4 A 4] (850 nm, ©]F NIRssom) & A
ato] Eoke] RS vl 4 (8)F Fo] o

gk 1)) AEuA o] gt?

NIRinm = @ Rgg F breveeereereenesmmnmieasaniins (8)

o714, NIRgsomm: T2 33(NIR) 850 mé] &t
AHE, Rt 7MIBATER) 650 nmo] WHARE,
a, b: A8 JojA= A,

F A7 gAske AA
¥ 71854 E vele 7
“Soil Line(B%¥A) o2 1345—4
B A4 EckpiEy Hal

Hﬁrlo
HUO
°
1ad)
2,

E¥YE FEE Y% BYOR EGeREH B
F Aol mE EFMIEYS HEH RYes
AMSHE Fig. 113 2ok Eofe] 39S &
FrEFl FAEAY EY Mol B2 AT
7R 29 G Folit

B¢l E% 91%21 iM-r— algur 4 E

3

Sy 3 A 459 A5E, 2003



&
ol

Table 2 Parameters of the soil line at seven seils

Sample Classification a b R?
Soit 1 Sand 109 | 269 | 100
Soil 2, 4 Loam L4 | 287 1 099
Sail 3 Sandy loam L10 | 456 § 099
Sail 5 Silty loam 111§ 537 | 099
Soi} 6, 7 Silty clay loam| 117 | 033 | 089
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Fig. 11 Schematic representation of soil reflectance
spectra for soil color and moisture content
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Fig. 12 lllustration of soil line that contributes to
the observed soil reflectance
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