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Abstract: Spatial sampling design plays an important role in GIS-based modeling
studies because it increases modeling efficiency while reducing the cost of sampling.
In the field of agricultural systems, research demand for high-resolution spatial data-
based modeling to predict and evaluate climate change impacts is growing rapidly.
Accordingly, the need and importance of spatial sampling design are increasing. The
purpose of this study was to design spatial sampling of paddy fields (11,386 grids with
1 km spatial resolution) in Korea for use in agricultural spatial modeling. A stratified
random sampling design was developed and applied in 2030s, 2050s, and 2080s under
two RCP scenarios of 4.5 and 8.5. Twenty-five weather and four soil characteristics were
used as stratification variables. Stratification and sample allocation were optimized to
ensure minimum sample size under given precision constraints for 16 target variables
such as crop yield, greenhouse gas emission, and pest distribution. Precision and
accuracy of the sampling were evaluated through sampling simulations based on
coefficient of variation (CV) and relative bias, respectively. As a result, the paddy field
could be optimized in the range of 5 to 21 strata and 46 to 69 samples. Evaluation results
showed that target variables were within precision constraints (CV <0.05 except for
crop yield) with low bias values (below 3%). These results can contribute to reducing
sampling cost and computation time while having high predictive power. It is expected
to be widely used as a representative sample grid in various agriculture spatial modeling
studies.

Keywords: spatial sampling, climate change, agriculture modeling, sampling cost, high-
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A stratified random sampling design for paddy fields
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Table 1. Descriptions of a total of 29 stratification variables used in the construction of stratified random sampling design

Attribute Variable Name Description (unit)
x1 tmax1 Average max temperature during period 1 (°C)
x2 tmax2 Average max temperature during period 2 (°C)
X3 tmin1 Average min temperature during period 1 (°C)
x4 tmin2 Average min temperature during period 2 (°C)
x5 tmean Average mean temperature during period 1 (°C)
x6 tmean2 Average mean temperature during period 2 (°C)
X7 tmean3 Average mean temperature during period 3 (°C)
x8 diur1 Mean diurnal range during period 1 (°C)
x9 diur2 Mean diurnal range during period 2 (°C)
x10 srad1 Accumulated solar radiation during period 1 (MJ m™2)
x1 srad2 Accumulated solar radiation during period 2 (MJ m™2)
x12 srad3 Accumulated solar radiation during period 3 (MJ m™2)
Climate x13 precl Accumulated precipitation during period 1 (mm)
x14 prec2 Accumulated precipitation during period 2 (mm)
x15 prec3 Accumulated precipitation during period 3 (mm)
x16 ftemp1 Average mean temperature for 7 days after first fertilizer application (°C)
x17 ftemp2 Average mean temperature for 7 days after second fertilizer application (°C)
x18 ftemp3 Average mean temperature for 7 days after third fertilizer application (°C)
x19 BIO2 Mean diurnal range (0.1°C )
x20 BIO3 Isothemality (= mean diurnal range/annual temperature range)
x21 BIO5 Max temperature of warmest month (0.1°C )
x22 BIO6 Min temperature of coldest month (0.1°C))
x23 BIO12 Annual precipitation (mm)
x24 BIO13 Precipitation of wettest month (mm)
x25 BIO14 Precipitation of driest month (mm)
x26 SOC Soil organic carbon (%)
Sol x27 pH Potential of hydrogen
x28 Den Soil bulk density (Mg m™3)
x29 Clay Clay content (%)

Notes: period 1, period between transplanting date and anthesis date; period 2, period between anthesis date and maturity date; period 3, period between

transplanting date and maturity date

FRro R gEYel ulg aes Frisels] Slef 4
A F3h 9 S Y 0 A 5 HAskE SPekch

2hy 2

7V 2 EGARES 59| ATE (g, HBTTY, 5
A LAz B L PAL FR JFUAE]
oh fARR 71 0 B AL THIE 54 A4S
ML SARE B9 ArkEEe] 458 A0 7
% ik ol wel, T 418 714 % EoF S e

528 ©2021. Korean Society of Environmental Biology.

S
N AZH(HEA )= o]FAA. &, AT, &5, F=E

S Lkm 3T oM A&
= & Aol Alej= ol 71x S}
224 1km SPFES] 714 (2712, A7, Bdt7
2,737 E, AR, EF(EGRTIE, EFAEE, 84
= HESR), 2 599 AoE AR (e, 2= (B2,
LIS, SLAE), 4 247H HiE (COo, Ml

—_—

ne,



&, CH, &%, N,O BIET), allS (M2 (po1), o8
:rL(pOZ), ol (p03), ¥iE 7121t (po4), ZHLHY
(p0s)°] x5 9 WA At 4))E +H5HATH (Table
1). 7V me 7178730l 4l #18-5H= RCP (Representative
Concentration Pathways, tHE5 = 2) AL2]2 1km Sl
A Al A= (2026~2035/2046~2055/2076~2085
W)E &8otalon, & dAgtos 2471 Aol
33s] APE= RCP 4.5 2 @A FAIH= 247FA7}
&%= RCP 8.5 A R2E E-8513th (data from Web site
of the Korea Meteorological Administration, http://www.
climate.go. kr/). QAFFS] A9, 12.5km TR AR E 0]
FTAFEIEE Tl 1km A== WG] AMESIRLS
o, A4 713 mES AEASA71E Ahmz AHdst
o AHESFATH (Table 1). EFARE 5EXTH “FEH”
oA AlFohs EFE AmE ol 1km AR A== ¥
ghoto] Aottt (data from Web site of the Korean Soil
Information System, http://soil.rda.go.kr/) (Table 1). 5%
o] Az ZAtmE2 Y 71 @ EFARE 7S
2 2E/44H] 13 (DSSAT; Decision Support System for
Agrotechnology Transfer), EY 247124 Y (DNDCG;
Denitrification and Decomposition), 5 1% (MaxEnt;
Maximum Entropy model)= 7551 9L 1Y o= 2

A stratified random sampling design for paddy fields

W 27 5 -85t (Table 2).
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Table 2. Descriptions of a total of 16 target variables used in the construction of stratified random sampling design

Attribute Variable Name Description (unit)

y1 yield Potential yield (kg ha™")

Crop y2 irrig_amt Irrigation amount (mm)
vy3 et Evapotranspiration (mm)
va CO» CO2 emission (kgC ha™")

Greenhouse gas emission v5 CHa CH4 emission (kgC ha™)
y6 N,O N20 emission (kgC ha™)
y7 p01di Potential distribution of pO1
y8 p02di Potential distribution of p02
v9 p03di Potential distribution of p03
y10 p04di Potential distribution of p04

Pest y11 p05di Potential distribution of p05
y12 p0Tng Potential number of generations of p01
y13 p02ng Potential number of generations of p02
y14 p03ng Potential number of generations of p03
y15 p04ng Potential number of generations of p04
y16 p05ng Potential number of generations of p05

Notes: p01, Nilaparvata lugens; p02, Laodelphax striatellus; p03, Chilo suppressalis; p04, Chlorops oryzae; p05, Cnaphalocrocis medinalis
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A% 4= RCP 8.5 AlUHE] @ (A B oF 13415 oA
7} RCP 4.5 AlH2].2 (Ao B oF 6AI5)oll ATt oF 2
v} H = o WOkt (Table 3, Fig. 1a, d, and g, and Fig. 2a, d,

O

Table 3. Optimized stratification and sample size for spatial sam-
pling of domestic paddy fields (11,386 grids with 1 km spatial res-
olution). Optimization was conducted by RCP scenario (RCP 4.5/
RCP 8.5) by year (2030s/2050s/2080s)

RCP scenario Years Strata Samples

RCP 4.5 2030s 8 63
2050s 6 55

2080s 5 46

Mean 6 55

RCP 8.5 2030s 7 69
2050s 12 56

2080s 21 63

Mean 13 63

Total mean 10 59
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Fig. 1. Results of stratified random sampling design for domestic paddy fields (11,386 grids with 1 km spatial resolution) by years
(2030s/2050s/2080s; each presented by first/second/third rows) under RCP 4.5 scenario. Panels in the first, second, and third columns
present results of optimized stratification ((a), (d), and (g)), sample allocation, sampling rate (top and bottom, respectively) ((b), (e), and (h)),

and examples of sampled locations ((c), (f), and (i), respectively.

and g). B2 9] AT A EA T&2] AlESHE 91|
ot AlSet AHE-2 RCP 8.5 AU 20| A] =] 52]7F

RCP 4.5 AU ol ET 715 9l E¢F 540 & +
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2hAE 2080 T2 Z=5 RCP 8.5 AU 294 AlS
7t 571 RCP 4.5 AlUE| oAM= A 7 Hdoh=
3ol A ATt (Table 3, Fig. 1a, d, and g, and Fig. 2a, d, and
g)
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Fig. 2. Results of stratified random sampling design for domestic paddy fields (11,386 grids with 1 km spatial resolution) by years
(2030s/2050s/2080s; each presented by first/second/third rows) under RCP 8.5 scenario. Panels in the first, second, and third columns
present results of optimized stratification ((a), (d), and (g)), sample allocation, sampling rate (top and bottom, respectively) ((b), (e), and (h)),

and examples of sampled locations ((c), (f), and (i), respectively.
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Fig. 3. Evaluation of precision ((a) and (c)) and accuracy ((b) and (d)) of spatial sampling based on 100 ((a) and (b)) and 10 ((c) and (d)) stratified
random sampling simulations. Evaluations were conducted for all 16 target variables. Descriptions of target variables are provided in Table 2.
The coefficient of variation (CV) and relative bias are used as indicators of precision and accuracy evaluation, respectively.
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