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AFS Area Frame Sampling

PRN Pseudarandom number

PSU Primary sampling units

SSuU Secondary sampling units

CVv Coefficient of vaiiat

SQRT Square root

SRS Simple random sampling

EIS Stratified sampling with equal interval between strata
CSR Qumulative square root method is used in stratificatsampling
RWG Ae fraction that winter wheat area in a sanm unit accounts for the

area of the sampling unit
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Executive summary

According tothe requirements ofthe WPSL, CAASs responsible for crop area
estimation in Hudei Plain.Mengcheng County in Anhui Province was selected as
the study area.Six spatial sampling methods (simple random samplisgatial
random sampling, classical systentec sampling spatial systematic sampling,
stratified sampling and twstage samplingare formulated and winter wheat
acreagein the study area was estimated using these 6 spatial sampling methods. In
order to improve the accuracy of population valu@hyee estimator options were
designed based on the samples data from ground survey and remote sensing.image
The report presents the results dhe best spatial sampling scheme and the
estimator option for estimating the winter wheat area of Mengcheng Gpuas well

as the accuracy assessmentsphtialextrapolation models of population values.
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1 OPTIMIZATION OF SPAIl SAMPLING SCHEMES
FOR CROP ACREAGHNESITON

1.1 Introduction

Theapproachis made up of 4teps the firststepisthe collection of badc gecinformation
data (basic geographic information data and spatial distribution data of winter wheat sown area
in the study area); the second ke formulation of spatial sampling scheme incind basic
samplingunit definition and spatial sampling ntikod selection The of basicsamplingunit
definition refers to the selection of shape and size of basicsuRitvespatial sampling schemes
(simple random sampling, spatial random sampling, classical systematic sampling, spatial
systematic sampling andratified sampling) are used to draw samplasgextrapolate population
value as well aso estimate errors; the thirdstep consists otvaluating the efficiencies of 5
sampling methods according to relative error, coefficient of variafox) and samplgqcost. The
last stepis to optimize spatial sampling scheme from 5 sampling methods, based on the gesult
of sampling efficiency evaluation.

1.2 Methodology

1.2.1 Study area

Mengcheng County is locatdetweenN32°55'29 “32°29'64"and E116°15'43-116°49'25".
Thetotal area of Mengchen@ounty is about 2149Kfincluding a width of 40Km from east to
west, and a length of 60Km from south to nor&warm temperate semhumid monsoon climate
governsMengchengQounty, with an annual average temperaturaround 14.7C an average
sunshineof 2320h,and anaverage annual precipitatioabout 822mm. The cropland ixploited
for planting wheatmaize and soybearis Mengchenglounty.

1.2.2 Data

The experimental data include tHeasicgeographic informatior{GlS)datasets and spaial
distribution map of crop sown area. Thbasic GIS datasébcludesadministrative boundary of
MengchengCounty with a scale of 1:2500@hapefile). The spatial distributianapof crop sown
area isbasedon winter wheat sown areaf 2009 in Mengchend@ounty (derived from ALOS
image with aspatial resolution of 10m). In addition, cropland datavith spatial resolutionof
250mare also collected. Fige 11 shows the administrative boundary of the study area and
spatial distribution of winter wheat sowrnrea.
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Figure 11 The administrative boundary of the study area and spatial distribution of winter
wheat sown area

1.2.3 Sampling scheme

(1). Basicsample unit

Asquare grid islrawnto generatebasicsampling unit and the size of singledgis 5 arc minutex5

arc minute, in order to improve the convenience famplesurveys . Then, the study area is
gridded to constructa sampling frame. The winter wheat sown area in each square grid is
calculated as the population unit value using the@IS software.

(2). Spatial sampling methods

Simple random sampling: Sample size is calculated accordihg formulas(1.1) ~(1.4).

t,, S?
N, = (2)? —
rvy

m(1.1)
n= C;_‘
TN 1.2)
NS (1.3
, 1N —_
=AM
N = (1.4)

Whereng is the initial sample sizey is modified sample size, whaw/ N> 0.05,nq is modified
according to(1.2); t is the sampling probability degrees, when the cdefice level is 95%,is
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equal to 1.96y is the relative error, 5% is designedras the study; Y is the population mear®

is the population variancéy is the population sizey; is thei-th population unit observations

After sanple size is determined, the samples are drawn using the pseaidom number
method. First, all population units in the sampling frame are encoded wittumber; then
pseuderandom number(PRN)equivalent to thesample sizeés generated by SPSS software;
Finally when the code of a population unéigrees withthe random number generated by SPSS,
then the population unit is drawn as a sample

Simple estimator is used to extrapolate population value and estimate error. Population total
is calculated according (1.5) and (1.6). The variance of population total estimator is estimated
according ta1.7) and(1.8).

Y =Ny (L5)
=24y
nis ™ (1.6)
2 _ N?@- f)
o= TS 1.7)
£=T3(%-Y)
nis (1.8)

Wheregl , Sis sample mean and sample variance, respectivalythe initial sample sizéy is the

population size; ¥ is the estimated value of population totak/(ﬁ is the unbiased variance of
population total estimatorf is sampling fraction.

Spatial random sampling: The impact of spatial correlations between population units on
sampling size and population extrapolation are taken into account in $patidom sampling.
Sample size is calculated accordinglt®) ~(1.12).

r‘spatia\l nsimple(l_ r) (19)

_C(Z.Z)
s’p (1.10)

R [ S
C(Z.Z:.) _Wal [Z(X;.Y) - ZOX YOI Z(Kian Vi) = Z(Kii, Yian)] (1.12)

1N .,
s,2= A (Z - Z) w12
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Where ng,.., is sample size of spatial random samplimg; . is sample size of simple random

sampling;r is spatial correlation coefficientC(Z,,Z,,,)is covariance between the population
unitsin the sampling frame\ (h) is the numbers of population units with a distancenpZ (X, )

is winter wheat sown area inth population unit; s %, is dispersion variance of all population
units in sampling frame

Samples selectiors isame with that of simple random sampling method. Population total is
extrapolated according t¢1.13) ~(1.14), the variance of population total estimator is estimated
according tq1.15).

= stpa‘m (1.13)

= 1.°
Zs atial = — A Z(X| !Y|)
e (1.14)

g2l f oo el flo
VB =N T 1 =N [s2- cov(z(x y))] w15

Where Zspaﬁal is population mean; 2X,Y) is winter wheat sown area irth population unit;s” is

dispersion variance of sampled unitspv(z(X, y)) is covaiance between the sampled units

Classical systematic samplingample size is estimated according to that of spatial random
sampling, due to the complexity of calculating sample size in classical systematic sampling.

ID numbers of all population unitsrea sorted from small to large, the first sample is drawn
randomly from sampling frame, and then the rest of samples are drawn with a same sampling
interval. The population unit that ID number is 2 is selected as the first sample, and sampling
interval is gual that population size is divided by sample size.

Population extrapolation of classical systematic sampling is the same as that of simple random
sampling, because the samples drawn by classical systematic sampling are random. The variance
of populationtotal estimator is estimated according (.16).

= 1- f 1 nt
= N2 )2 (1.16)
V(ﬁ n 2(n _ 1) Ia:i (y|+1 y|)

Where v(ﬁ is the unbiased variance of population total estimatbis sampling fractiony; is
the i-th sample observation;.Yis thei+1-th sample observation

Spatial systematic samplingamples are evenly distributed in sampling frame in the space, and
the first sample is drawn randomly. The population unit that ID number is 2 is selected as the first
sample, and sampling interval is osampling basic unit in the research. Sample size is equal to
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the amount of samples that can be evenly distributed in whole sampling frame. Population
extrapolation and error estimation are the same as those of simple random sampling.

Stratified samplingthe percentage that winter wheat sown area accounting for a sampling basic
unit area in the basic unit is selected as stratification mark, in order to improve the stratified
efficiency. In addition, stratum numbers are formulated into 5 levels to invdstit@ impact of it

on the efficiency of stratified sampling method. 5 stratum numbers is 2, 3, 4, 5 and 6 respectively.
Total sample size is calculated accordindlth7) ~(1.20). Total sample size is allocated into each
stratum according to stratum weghting.

n = &S 1.17)
V
nO
n=
1+ -9
N (118)
_ s
v = (2L
o (1.19)
_ _ L _
Y = ySt = a Wh yh (120)

h=1

Where ng is the initial sample size; is the variance of population mean estimatoy,. is the

st

samples mean in stratified samplidgis strata number;glh is samples mean iith stratum; W,

is weighting inh-th stratum; S? is the variance of populatiomnits in h-th stratum; N, is
population size irh-th stratum. Simple random sampling method is used to draw the samples in
each stratum. Population extrapolation and error estimation are calculated according to
(1.21)~+1.23).

¥F= Ny, (1.21)
_ L _
Yae =AW, Vi
h=1 (1.22)
~ > _ .II 2 1- fh 2
vOB =N*v(y, ) =& N, Sh
h=1 M (1.23

Where f,is the sampling fraction ih-th stratum; v(Y;,)is unbiased estimate of samples mean

variance; v(\@ is the unbiased variance of population total estimatoy;is sample size ih-th

stratum; S?2is samples variance mth stratum.

Relative error(r) and coefficient of variation of population total estimat(ZV) are selected as
indices to evalate the results of population extrapolation and error estimation from 5 spatial
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sampling methods. Relative error and CV are calculated accordinfl.2d) and (1.25),
respectively

(1.24)

cveB = WO 5 1006
A= (1.25)

WhereY s the truth value of population totakis obtained with ArcGIS software summarizing all
winter wheat sown area in sampling framesv (¥5 is coefficient of variation of population total

estimator,

1.3 Results and Analysis

1.3.1 Comparison of sampling efficiencies among 5 spatial

sampling methods

Table 1.1 summarizesthe results of population extrapolation and error estimation from 5
sampling methods, in order to comparbeir efficiency. Regarding therelative error and
coefficient of variationit is found that stratified samplingbtained the lowest valugsbefore
simply random samplingyhile the spatial systematic samplingpproach has the highest value
With respect to sample size, although that of spatigtematic samplindpas the smallest one
the relative error and CV from spatial systematic sampling are very (a664%for relative
error, 13.66%for CV i3. On theother hand sample size of stratified sampling is 19, just a little
higher than thatof spatial systematic samplingrherefore by comprehensively evaluating
sampling error and sampling size, the efficiency of stratified samplisgthe highest scorim 5
sampling methods. Figel.2 to Figurel.7 show spatial distributios of Samplel units drawn by
simple random sampling, spatial random sampling, classgatematic sampling spatial
systematic samplingndstratified samplingrespectively

Tablell Results of population extrapolation and error estimation from &rapling methods

Population Sample Sampling Relative

. . . CcVv
Sampling methods size size fraction error
- - (%) (%) (%)
Simple random sampling 45 41 91.1 2.35 2.65
Spatial random sampling 45 25 55.6 6.53 454
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Population Sample Sampling Relative

Sampling methods . . . Ccv
size size fraction error
Classical systematic sampling 45 22 48.9 6.83 6.83
Spatial systematic sampling 45 12 26.7 16.64 13.66
Stratified sampling 45 19 42.2 1.57 2.42
I o 5,000 10,000 20,000 m D Simple Random o
[ soundary of Mengeheng [ = M
0 winterwheat
Figure 12 Samples spatial distributions of simple random sampling
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Figure 13 Sample spatiadistributions of spatial random sampling
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Figure 17 Samples spatial distributions of stratified sampling

1.3.2 Impact of the numbers of stratum on stratified
sampling efficiency

Tablel.2 summarizeghe results of population extrapolation and error estimation from stratified
samplingby making4 strai, in order to investigate the impact of stratum number tme
efficiency of the stratified samplingmethod. It is found that sample size, relative error and CV
decrease witlincreasingstratum numberg Table 1.2, when stratum numbers aremallerthan 5.

On the contrast, when stratum numbers are grahan 5, althaugh sample size still maintaa
decreasing trend, relative error and CV inceea#/hen the stratum numbeis 5, dratified
sampling efficiencyeacheghe maximum

Tablel2 Results of population extrapolation and error estimati from stratified sampling
under 4 stratum numbers levels

Stratified sampling

Stratum numbers Stratum Sample Relative

interval (%) size  error(%) CU%)
2 41.04 33 3.03 3.50
3 27.36 32 2.68 2.65
4 20.52 19 1.57 2.42
5 16.42 13 1.63 2.50
6 13.68 11 2.89 4.27

Note: Stratum interval is represented by the percentage that winter wheat sown area
accounting for a sampling basic unit area in the basic unit
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1.4 Conclusion

The experiment on optimizing spatial sampling schemes for estimating winter wheat sown
acreage was conducted to improve the current crop acreage sampling survey systems, combining
Remote Sensingnd Geographic Information Systems with the traditional sampling methods as
well as Geostatistics theory. Mengcheng County was selected as studysaspatial sampling
methods(simple random sampling, spatial random sampling, classical systematic sampling, spatial
systematic sampling and stratified sampling) weirged in the experiment. The experimental
results demonstrate :

(1). The efficiency of stratdid sampling methodeaches the highest sco@mong5 spatial

sampling methodgelative error is 1.57%; CV is 2.42sample size is 19hen relative
error, CV and sample siaee compared

(2). when stratum numbeis smallerthan 5, sample size, relative error and CV decrease with
an increasing stratum number; otherwise, although sampkize decrease with an
increasingstratum number, relative error and CV increase waih increasingstratum
number, When the stratum numbes equal to5, stratified sampling efficiencyeaches its
maximum.
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2 A TWOSTAGE SAMPLING METHBOR WINTER
WHEAT ARA ESTIMATION

2.1 Materials and methods

2.1.1 Introduction

Two-stage sampling method is formulated to estimate winter wheat area, combining remote
sensing(RS), Geographic Information Syste(@dS) with the traditional sampling methods.
consist of collecting bais data for spatial samplinglesign defining basic sampling units
(includng the shape and size of sampling units); desigrangd optimizing two-stage sampling
approach; andfinally, extrapolating population value and estimating sampling efure2.1
shows the technicapproachof the two-stage sampling method.

2.1.2 The study areand the auxiliary data

The study area and the auxiliary data are available from the investigation described in the
chapter one.
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Figure 21The techical approachof two-stage sampling method

(1). Basic sampling unit

The square grid is selected as the shape of primary sampling(E8td), and the size of PSU is
defined as 8500mx8500m, referring to the sizef 5 arc minutex 5 arc minute used in the
previous study Meanwhile, taking into consideration that the number of second sampling unit
(SSV) included in one PSU should be integer. The shape of SSU still is square grid, and the size of
SSU is 500mx500m to facilitate field investigation of the sampliggire2.2 shows that the

spatial distribution of PSU and SSU in the study area.
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Figure 22 Spatial distributions of PSU and SSU in the study area
(2). Spatial sampling method
1) The first stage sampling strategy

The sampling framefdhe first sampling stage is constructed based on spatial distribution data of
winter wheat area in 2009. Simple random sampling metf®RS), stratified sampling method
(with equal intervals between stratums, EIS), stratified sampling megbaahulativesquare root
method is used in stratification, CSR) are selected to optimize the sampling scheme at the first
stage. The stratum numbes 4, comprehensively taking into account the variance of sampling
units and following the rule that the sample size @& fess than 2 in each stratum. The ratio of
winter wheat area in a sampling urfthat is a square grid in the experiment) accounting for the
area of the sampling unifRWG) is selected as stratification symbol. Since the range of RWG
varies from 0.00% t82.01%, therefore, the intervals of each stratum are 20.50% in the stratified
sampling method with equal intervals between stratums. The stratum numbers of stratified
sampling method(CSR) are the same with that of stratified sampling met(tb), and @
intervals of each stratum is formulated using the method of cumulative square root method. The
stratification processes are as follows: firstly, 5% of RWG is served as the statistical interval, the
frequency distribution of all basic sampling units arensnarized in the sampling frame; secondly,

D51.2_ Acuracy assessment report on the spatial extrapolation Page?1 of 36
















































