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Selection of Optimum Fulcrum Type for Measurement and Geo—statistical Analyze of
Elevation within Rice Paddy Field

J. H. Sung

S. W, Jang
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This study was conducted to investigate the specificities of four fulcrum types for geo-statistical analysis of elevation
within rice paddy field. In Korea, the spaces between inter-rows and between hills for rice transplanting are 30 cm and
11 cm to 14 cm, respectively. So, the size and shape of fulcrum for field elevation measurement should be considered
according to the inter-row and the hill spaces. Four kinds of fulcrum were chosen such as round-shape with 2.5 cm
diameter, circular-shape with 10 cm diameter, 10 cm (one third of inter-row space) by 24 cm (double of hill space)
rectangular-shape, and 20 cm (two-thirds of inter-row space) by 24 cm rectangular-shape. The resulting descriptive statistics
couldn't determine the best fulcrum type to measure the rice paddy field elevation. But the results of geo-statistical analysis
could determine the best fulcrum type. In the case of 10 cm by 24 cm rectangular-shape fulcrum, Nugget and range,
meaning measurement error and/or noise, and limit of spatial connection, respectively, were minimum; Q value meaning

_ weight of spatial structure and 1* value were minimum, and residual sum of squares was minimum. It means that 10 cm
by 24 cm rectangular-shape fulcrum could best describe the rice paddy field elevation.
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Fig. 1 The experimental paddy field, irrigati(;n water direction and
cell size for elevation measurement.
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Fig. 2 Relationship among soil surface and four kinds of filcrum types.
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Fig. 4 Specifications of four kinds of fulcrums.

o. e

£ ATelM ARgst AR ZeEAle 4 42 SAS
(version 8.01, SAS Institute Inc., North Carolina, USA)
g olgsiglan, Fhde] FaS GS+(version 5.2, Gamma
Design software, Michigan, USA)E AH-3131, A £+ Surfer
(version 8.03, Golden software Inc., Colorado, USA)E ©]&
afot 23T

AupA 07 Frhdole] UJAL FA F /AR e F Y
ok Shbe EF FE A1) Wo|n T sk Aol
2 Agtold IR 2pH o] wole £ mARlol 1, T
2 28 g, 5EY 5 Foll g3 A7 el 013%?:5}
E23 2919 A&E AAs] Y3l SurferE o] &HTh 3
& AA AR T4 4 ()T 2K (Sadler 5, 1998).

i

Zres = Zdat - Zgrd M

where, Zres = the residual value
Zdat = the Z value in the data file, and
Zgrd = the Z value of the surface at the XY coordinate
from the grid file
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Fig. 5 Elevation map from four kinds of fulcrums.

L. Al

= = =
e PP Be] 1078 mme] 17 st ] £ DAGE o|83] £4 TAHE 27
=151 =l 3T 7( o] A Ao X
A ane 779 mmi PR oz T2 A s e it 29 v s 2
)% Hlx A =Ao zsl o} 2=
ESCEE 1} A2 AU S TISEE F T gy a0 wek A2 38 ekl A ol
) % 3| =] Sl 1} 1O,
AUrh Hzke] M| E Hsto] Hdixle] BALE ASH S sh= Wb e HA ko A4 W o Alga s 29
2| | H 2= 8kx)
Z e BFeg Faaxis 23 330] 18.71 mmE 7} s Aoz AZH
B AA e 2Ely o] vl Ao gigh Akl
5 .TL77HO o o} ST A} Az AIE
Bl 3 slge] wheglel AW fAE 1ARE O 3 oEA BAl
SAsts o g £ DAUE sk Vzow 289 e
S QU me BEWA, dolls A, A, Bgua s SHE R o= A% A% S=el eAS e
o BAE A ﬂzl DA GE A Q3 NFom kg € o3 JENE FXhH0) TR GS+E oIS &
F)el= mask Aoz kgt Asla, 7 Avkes % 29 2
Table 1 Results of descriptive statistics for the elevation measured using four kinds of fulcrums. '
one —_— mean std. 95% 99% var avg. ad cv? ew kurto
property ’ (mm) err’ conf’ conf’ ’ edv.’ (%) -sis
fulcrum #1° 170.0 107.8 3.68 7.37 9.80 8139 21.91 28.5 26.5 -0.89 2.53
fulcrum #2 147.0 101.1 3.52 7.05 9.38 745.0 20.26 273 27.0 -1.04 2.10
fulcrum #3 110.0 61.8 3.11 6.21 8.27 578.6 18.71 24.1 389 -0.63 023
fulerum #4 136.0 719 3.94 7.89 10.49 932.6 24.67 30.5 39.2 -0.40 -0.37

'max.=maximum, “std. err=standard error, *95% conf=05% confidence interval,

‘99% conf.=99% confidence interval,

5 - 6
var=vanance, avg.

edv.=average deviation, "std=standard deviation, *CV=coefficient of variation, *fulcrum #1=round-shape ($2.5 cm), fulcrum #2=circular-shape
(®10 cm), fulerum #3=gmall rectangular-shape (12 cmx20 cm), fulcrum #4=large rectangular-shape (24 cmx20 cm) ‘

Table 2 sotropic semivariogram parameters for the elevation measured using four kinds of fulcrums. -

Property Model' Nugget (Co) Sill (CtC)  Range (Ag, m) Q (CACHC)) £ RSS’
fulerum #1° LINR 0.421 1.302 4717 0.677 0.929 0.0417
fulcrum #2 EXPO 0.299 1.407 82.20 0.787 0.837 0.0948
fulerum #3 SPHE 0.164 0.899 20.50 0.818 0.943 0.0132
fulerum #4 LINE 0.213 1.149 4717 0.815 0913 0.0586

]SPHE=spherical model, LINR=lincar model, EXPO=exponential model,

=circular-shape, fulcrum #3=small rectangular-shape, fulcrum #4=large rectangular-shape

2 -
residual sum of squares,

*fulerum #1=round-shape, fulcrum #2

271



SR EYY DHA 5S WY A W 4y

AP Rap} wo|=E Qulshs ﬂ AL AETE Foo0,
ﬂ ZE0 ul—;‘dr,}] 3‘-]/\1—1:1:] 1,171]0 v‘i—j.
iAo 0.164% 7P Za, A 1119 YAlo] 04212 7}
2 Aok, o] WA 3o w T TARNES 25 AL
7F O el vl AP expt wol=rt g AgkEE 2
ul el FAle] g T Ao] 7P 22 ) 1¥Ho] o
AUE AP eapt wolxrt 74 F5 Yuisitt. A g @
ih;H 3oz =A% 4971 0.899% 7Y zLoL_Tl’ A o]
A2 o) (i ) 299 glo] ohE FR] )
vla] Ao s Zick

I GEAY FAE UdehdE gdAR W
205005 7Hg At 233 AX|Zke] A%ARI
£ YRS Q 2 10 7Pk d47g0]
7} 7%, 1) Y 1Y 34E Q
Ao 3¥0] 0.818% 7H ., ¥d] o] 71 2k
WA 1Ho] 06772 7 B Q T
zade] AReE Yehlls AYAS
094302 7F¢ Zich 3]AREY Aol =
k] HARE Algsted gt AAAEEE w3d] 3%0] 0.0132
Z 7F¢ Zgict
Qo] W AT VETAY ALE ol &N E Wl 7HA

5 23U IAAE ~7e‘JoF—Eﬂ 7 &2 ]

gl FildE xgkste] GS+E 4%
il

Rl |
ol Wl 7kA BAY F 3 1AAE 273

Tz
[<hr-y
A
T

718 Zrgalof grk 2 Aol BAE An, Tlee 231

9 13 3719 10 cm, ZE F £ 712791 24 cm 37)
o] AANES YR o] g3 Aol TAU IAAE T}
A& A 4 e AoFE et

My 2

ﬂvﬂ‘—‘loﬂémii

N
i and

2
u

:"-LL—E—QJé
N ot

F
Y

o K ojorr &

Woos

=3
%1 24 cm =71¢] 5“/‘}7—,‘

M

Ao TAXE FEHoR Qs YsME 273
aest] 1AR 54 g A71E AAeor ¢
Aol A TAE F8H 0T =HE]
5t 7He U 2AE= Ao F1As, 22430 cm)
FH24 cm) S AT 5 YEE Y] £7H) vk

i AR

= 4n
ook
1o
13
lo 1:1;‘T
o MM N
SR
oL mlm
F—R ﬁ r‘g_', _:‘u:
r011 0‘?“‘
i L%
0, it .
opd
% 3
)
e
>~l
~ %
- o
< 1o o
o oko
N ot
b —_

A ofN
£ o
ol i
ox, M

o &
L
1

.

Al FH UrEML Q %k
ARQAS kol 71 ELEL A S o] 7}
A AR TARNE Skt
102 LHERRE
78] 1713 2719

4
i
o
1
1o

N
)
iz

R

PO )
W
rE
o
ke
f

2 rlo
oft
ot

N
-

rir

Ei

PN

o of
mlo
n;": =
m
-
>,\1 HU
o
oo [
_o{L
\1
H:l
o

TARE A F EAE 5 9

FDEY

. Brown, D. G. and Bara, T. J. 1994. Recognition and reduction

of systematic error in elevation and derivation surfaces from
71/2 minute DEMs. Photogrammetric Engineering & Remote
Sensing 60:189-194.

. Chung, S. O, Sung, J. H,, Sudduth, K. A., Drummond, S.

T. and Hyun, B. K. 2000. Spatial variability of yield, chloro-
phyll content and soil properties in a Korea rice paddy field.
Proc. 5th Intl. Conf. on Precision Agriculture. ASA, CSSA,
and SSSA, Madison, WL

. Davis, J. G., Hossner, J. R.,, Wilding, L. P. and Manu, A.

1995. Variability of soil chemical properties in two sandy,
dunal soil of Niger. Soil Science 159(5):321-329.

. Franzen, D. W., Cihacek, L. J., Hofman, V. L. and Swenson,

L. J. 1998. Topography-based sampling compared with grid
sampling in the Northern great plains. J. Prod. Agric. 33:
364-370.

. Kravchenko, A. N. 2003. Influence of spatial structure on

accuracy of interpolation mehtods. Soil Sci. Soc. Am. J.
67:1564-1571.

. Lee, C. K,, Son, Y. K., Jung, I. G., Kim, S. C., Park, W.

P. and Park, W. K. 2002. Geostatistical analysis of spatial
variability for field information in paddy field. Kor. J. Int’]
Agri. 14:127-138. (In Korean)

. Lee, C. K., Sung, J. H, Jung, I. G., Kim, S. C., Lee, Y. B.

and Park, W. K. 2004. Geo-statistical analysis of growth
variability in rice paddy field. J. of Biosystems Engineering
29:109-120. (In Korean)



J. of Biosystems Eng. Vol. 30, No. 5.

8. Sadler, E. J., Busscher, W. J., Bauer, P. J. and Karlen, D. Int’l Proc. 3rd Int. Conf. On Precision Agriculture, O.C.
L. 1998. Spatial scale requirements for precision farming: A Robert et al. (ed.) pp. 129-140.
case study in the southeastern USA. Agron. J. 90:191-197. 10. Westphalen, M. L., Steward, B. L. and Han, S. 2004. Topo-
9. Sudduth, K. A., Drummond, S. T., Birrell, S. J. and Kitchen, graphic mapping through measurement of vehicle attitude and
N. R. 1996. Analysis of spatial factors influencing crop yield. elevation. Trans. of ASAE 47:1841-1849.

273



