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1- Spatial correlation
2- Random field
3- Sampling design
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1- Kriging

2- Triangulated lattice

3- Isotropy

4- Design based

5- Survey sampling avoiding contiguous units
6- Dependent area units sequential technique
7- Generalized random tessellation sampling
8- Spatial sampling
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1- 2nd order balanced sampling
2- Variogram

3- Covariogram

4- Model based

5- Balanced spatial sample

6- Cube method

7- Balanced sampling
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1- Spatial prediction

2- Inclusion probability
3- Flight phase

4- Landing phase



i co‘)’.xw S ‘oo‘)’)jl} w‘)

oo 48,5 1 o ladiges ) Slacgamme 45 D jg0 ol 4y ciiun )18 5 0jlgen ol sloud
O ygods dral> slacl laaigas ol 5o Lol atsS o jl3 0 1) Jobs b i lo)] Koo a5 548
S Y 0l i S il b 4zl Jhoglyiets i sad 1B Wigas o JalS
5L ol | o S50 1 Al o 55 Wiz (S il s 25l g ¥ analr
S o)k wly | % 9 Py 215 ) % 5 p3s 4=>ly 5l % 5 Jg +=>ls 5| % s il axel>
Bges g lorss Lael 5l o Bolas SLalS (Lig, b G djlos oo Bioxe | Jolas b
4 odbolbl diges axiliz Ao o (pl j0 0ad co GGl wilo oo B |y Jolas bl a5
g0 Jolite digas il JalS &gty o 4o 438,518 claasly alad a5 asl IS
\.X.A:JL: ablo d¢>9 4.33.0; ) 6&}‘9 4\.?:.)LA_> Lol ) M‘e} ul.’s‘l{ 4 6).;4494.3 9 OA.A:)ULZ.U‘
2 09l gn day al> e S)ly (6 S aiged o oSl el 185518 gl jo JelS O 50 o5
Slaiges lael anel> slacl 5l SG jo Jood Jloioly 4z g L 093 al> po (oim gin al> 1o
Ao b (Bged )3 jpa ) So polie (S W8 T8 diged )3 (6,08 Djgod a5
sl iz den sl a5 conl (ul Bas 05l o baw (g )0 gac (ol j5a> pac Ja)
g.a8 (gl pxm Slass ol Colgd o B wied 3,5V L o 4y ol jgbas o oS ol Joads
Jolw bys Lol (6,18 LAj)J g oo 4185 09,8 Al o aS cal> o (] s @ JolS
WS 0 oyl (SaS s stie (69, o (JOb g5 aS 39 sed jone
oSS -
o B o S Fhian 5L 3 plao s ol ofase ble 53 b Jpans 5o
O35 e Jl At (255 G p9d 423 0l &l (8 5 50 5 () pabee s
o Z(S) L5]4> 6;& w‘]A-QJ 09.&6@ 00)9‘ Cawd & 9@4.:4 LQUQD- £9o u‘y w.isL:.n
S S 5 oty ol 505 e

Z(s)=Y AZ(s)=A'Z

i=\

s s b ped Glagly GeSile (03,5 merine b 45 05l s0 iy 5
Syt o ol E(Z(5) =26



Folad slaplie (255 lp lalo e 90 Joliite (olaS S Ass b Y

Yo Do = =8 Nn 7= (78 =8 )50 7(5.=5,)) 5T 50 &5 w05 0 Jool>
gty 5 el 5 2B e ;T a5 5Ky ol Gy ol XY aly sy

A~ (W=\T'y)
o (sc)le’l“";/+,_7ﬂZ
=
&ls Slaslie 4 atio CuxBae S 50 (65 Gl lp GRS (B0 Ssd o0 dule
9 9gb 0 03l plaisl 5565 ()39 5,90 Sloalie 4 g i (j5 FS005 slacuadse j
DAL 058 posivn 50y las 250 ol 42 Silee & Sig oo Dl ligF ey a3

Slale o 90 Jolaio (1LdS g pSaigei g b —F
GrSases gy g Wgd a3)F Jas 3 U ={s,,..,5y } O)90a bl slocaadae axlis
sty Jsl sliS oy olad ole Lyd wed o5 glad 5,55, L ol

xrc, X, C
Z#:ZXM Sygods o plm HgliS Glp g Z K Sk :ZX”
= 5, el

ﬂ-sk sp €U sp el

St

DAl g go iy o

el laaxly eli)) X5 aldlir o0 X aldlar Job X (S5 lo psite 51
it baraiged 4 (S5 o piite (nl ulol 2 0355 Jobite L (o0 igd a8 5 L5 o
Joleie slaigas wigh 48,5 5 3 olad lacedse (SeS (gla st (85 ) Joleie
wnel> olas gl i  laiges slalasdye Slatie olas slsglias a5 coul las
IS i g el il lgsS il b aslin pg0 5 Sl 4 p (ol (sloygliiS il Gudae
Joleie (S aiges VY] W8 o o5l 1) laiges blis 951 olas b anlllass j90 b

S oo S 5 5aSe b eoles dolar g Slatunm (5 S diges polic ¢ slad

Slayiie 55, 3 Joliie SalS &0t o5 Col (haiges pedie Jolate (5T Wigai b,
3 (S5 e lyiear (@lad Slathe (bye 5 Jsb aziliy b asl el pdy (S5
Gl Wl (S8 sla e (ol (59, 2 008 Jolaie diged ol igas wigh axd 5 s
Sy o St ol @y sl el 005 iy ey ptype 4l U5 o Leg) aiges

S o0 ey (1Al 0 90 Jolae (g S g
lad & GagSa 09b oo onaib dgel px> @ 4298 b (2lAS ozl Jl Al e 5o
Bgad x> 420 Lol 09d (Guipend diged p2> (Rl Ve B0 plp dix 4 laiges
aalys sty ardy] Jolaie digai Jpa oISl 5 iy 3l al e 58 sanaish o9 iy




A co‘)’..).om e ‘eo‘)’)sl} Q,;.a‘)

eely ol ol dgd co bl oS gy b Olids diged ojlail slasd 4y pgs al> 6 )5 0y
aluor ouls ol wlad 5 6 i alold a5 g8 so Sl digad ylgisas ouls Ll
Jolee oldlae oye 5 Job blod 4y g2 ¢ oles slodiged cudbopla abl alily o4
oS obdigel fsz 500 B,k gl el onls oy WalS (gansgo slad (53, p o g diwd
WDigh oo oly lralils Coomw 4 iy pgd Al e 10 Wigd oo LGl gax g0 Al o

sl aualgm gos 9o (glad anile 4y 8, ol (o i Jiles slacils sladiges

S jlwdrns axlliano-0

S ySaigad ;5 ooliiul 9550 pou e Sla by, b glal> o 50 Jolaie (¢S wiged aunlio sl
OR85 Ha jo bg ad wsle R l58le i alewgay VooX Voo glaSiine 4l SO o olad

G ygeds (69,5 58 i ol
YA Al
Y

c +c
y(h)y=<""""y a v
c. +c || A]>a

) o<|lh|<aheR

SoyS Veeen o Lo e aite ,lie o[+ 0 glankss 5l g Yo atels b Jow sla ol e
sl bo)S (ol &Sl (23 L o al>pe 3 ad ileancd (wgls Solas o
ol eyl lareds (6,550 polie sl YooxVoodaml Gy swypdy50 yuxie (505,058
sdlie (o (Shod Glire a8 b (giluad qwgls (Solal o ) lagSay bl
S Ugad coslus Bolas (6 eFaigai (g b s 0Bl /Y JBla ()T lis)l g () 205
Rl 3 48) Gl 90 Jolate (S igad 5 (090 Bls5 Jolaie (5 S Wiged oadsanail
g0 4285 el ol 5l wigad Be v 5 Fev Xoe Yoo Noo e olasd (ouds 3 yne allie
G S Agos el 00D (295 i 5SS g, b bla ady coiaid 5 slediges (wlul 4

S o ooliinl digad 30,5 Jolaie

ol 9 ol s bl Jsb ol poo Ol 5 alidlizr ore (28,5 515 jo b say al> o o
0 Gl oad Jolete diged (ooxSa g L ((SoS sl yite plyieas bl elis)f olpom 4,
azl JolS Joles b (sliges oy caSe by, aSbmlil ool sadaisle SoS e
Ao & ol Jlake 4z 0 o5 ol o jglate Joles iz b a4y (5 koo digal o (gl oo ol
S el U (oS (g S aiga 0,55 il plis el gl JolS” Jolos ik wils 5 Su033



Folad slaplie (255 lp slalo o 90 Joliite (olaS T aises b A

S5 5yl ol 55 by 1) ST 0y S (sl iy ot sladtyzo 45 52 o
Slre (nl e aiged pandts gl (S Glyier (295 A sl pgo g Sl 85
Heboled .l sadosls plis )V ISE 0 ol polis § dwle cadaid 5 sladiges aad gy
Jolite glodigai sly s i a5 pod oy oSl JMbe ol o dlisdle aS
el 0395 ;550 sl i, g (Bolal sdiges oo ol alive jlade 5l yiaS o lgen (gl g0

06

05

04

MSE Kriging

100 200 300 400 500

sample size

Slogbsy b wise ol Bie 15 K0S gl pgs ol neSloe polie lages (1) JSCib
099y 5 (ezabi) GRTS  ((azls) sabgandil (ates b3) ool Bolai (5,5 aiges
(ki ) olad Jolaio (S aiges

G Z 3 GBSy Sy o lad Julxi -

I 5ot RGB Jus Ygane ioles sloamin 5 o ygiile cs ol 4o pgas sl (sl
08 @hl Sy aw oS5 I b pled dJae (nl o 05d e 48T IS 4 pslai sl
456 L 508 SlaKs; Yoers 0 cnl oS 5 b o o JS5 (B) o 5 (G) s (R)

(Y JS8) SS9 o0 o)

1- Secondary



) ool)’..\.w e ‘cé‘)’)sl} O.:.A‘)

@oazg bogd o Jols | 50558 pienw suie K5, L RGB glan) K5y 4w oS 5 )
ged 4ol S5y T a b gl sl (sl attend o5 Jlog Jud (nl Golesamino 450
Ty BB Aide slahg; 5l ansS oo ($9958 ) peems £58 Cnl @ 1z 4l G
b o e o b oS ol il slodib o)l s 95 b avbe 5, o
33 el (655 il 3l _Sae 5, 45 S8 5wl Gl oo cnl ply s Lanseas LG

Sgad ALl S5y Wb pgai obml glp (Sioo 4oy SO

S g 2l 3 il S5, alwgt S, (iales (V) S8

> el & Gl e cad e ool plad 6 S hge slats; Sl g3l Dlarea
28,5 18 anlllae 5,50 (OInD G5 3 53 ol @ oS o cnl ) 3ged o)Ll (WS
S 9 308 o) Sy aw Jold JuSy 52 ROB s b (oS e o (F JS2) e

el 00 S5 S VYF % YYEY 5l S ol

1- Additive



Folas sl (265 i slr Sl 5o 90 Jolaie (laS (s pTaigei il )

RGB oo s 50,8 0l 6loSs, S8 b 501 230 pgad tales (V) S5

00 02 04 06 08 1.0
1 L L 1 1 L

00 02 04 06 08 10

00 02 D4 06 0B 10

o
T T T T
00 02 04 06 08 10

0.0 02 04 06 08 1.0 00 02 04 06 08 1.0

oSy 4 Cond (8) o 9 (1) 3o 30 (B) (o Ty s (23815 Jloges :(F) UK



'Y ool)’m e mol)’)sl.'; @"“)

Syry Jlaiml a5 1) Conl Sgpie olS LuSe S aw ol jo olad Kican 35>
LS o o5 oy Jiol 5 it oy sladeSey S 0 obs, sl
PSS A s o d S0P Gla Sy ;oo ke bl flion 5 0, lo Sy
(olad (Ko 1 glaz Ll s (6 iin alold K0S 5l as sla JuSn U ains S0 3
Gloges ¥ S 0 5l 9z Ky A o e Svar (S Bl S5y a0
550080 b eSS, e syl a5 ol maly MalS el o0 sl ;K080 b K5, s 23S,
Ao o 5l Sy 2 0 olad 568 G ¢l Gl ee gHemll el s g peitiase O g0
2,5 solaiwl 1o alats o 0 X,

o b plad Dozl G plste | cusl ab) IS0 (ool 75 WS 0 45 plaSS) azslin
L sbbdiged cus i @ wllie cpl 5o cadyloie hgy dw 5l oolawl b qps nS L5 0 jxe
50 el 0ad jalaie diged Hlim plaS o gl g ad 3 a0 Ver g Ve Fe Ve clopze
gloosls 4y cllie (yead )0 ilwand (S aile olad s (ble b gom Ao
S 53 sz meled,S 065 ey Lad Koo bl [0 1) K aw polie ool (5,5 diges
Sgliie (slges slaoslwill g bs)y aw )3 (LA (205 A slhas p90 (lF ady) sl jlns
Gl 0000l QL....'

2Lad (5 S aiged gy w3l Jolo sla 55 i Glaz g0 (lg ada; :(Y) Jguar

S S diged g,

AT Y1 & SRYA 4 TN soles bolas
JYAD YAV YOF -jfaY eSe o Jolete
OYPY YV FFA YD lals e g0 ead Jolaie

wolu Bolad (g pSaiges (yog) dw 3l fol> sl 065 s 6l RMSE luie V Jgam o
h_)jLD...n L;L{M.Qyo.i c}bj\:\.g A>o5 PRGNV PR :\5‘) 6“&")"5‘5 Lg)..,fd.?yoj 9 Jola.:.a Lg)..,fd.?yoj

Sl s S b, 4 Camd (55065 (sllas anily lal jogs gy 45 d9d oo alaxd
ety
S Azt g Sy Y

Sladlas ;o olad 5pSaged @l Jolaie pSaiges oy, aw (olad ol (o



‘;toLaj' LEL“’Q‘*:-“ (5‘350“1“: 6‘)4. (5‘4.1.7')4 9o Jola.';.o @Ll‘é fo‘\'.‘}""; C)'I" VY

oled 50 (2lad (T aged By amlie (pl elul 5 28,5 515 anslie 090 (55luand
Slal> 1090 2lad (6,5 Wged () 95 Lol 092 (255 i (sllaz (0 it (S diged o>
o 7 DB Ll wiog Soo5 SouSs 4 ga> b pgs 4z p0 Jolaie (5 pSdiges by, 5
S gls Sl allis Gl 5o oud Byme el jagd (olaS (6 S Wgas (g, 45 S5 )
lad o dged JolS 25y @ lsioe 5 1 E9d9e nl o mled Jol (055 G 5o
9y Ll slaile slaaly gl yiier Jood Jlesal (28,5 a5 50 rizren g aslllas
bl ) i |, clactls sladiga; ol Jlisl oo b glalyago olib (oS digal
o lalad bl jo las o Sy oldd (i 0 (Bob 500 o0 S0 0 S
sly Wl oo plaieaddle sl oad by, nl (05 Joe S Sl ol (e g w250 )

il B 4l Allie Jotue oinn i b dllie Lo o SIS 5 (giludind SlanS 4 (g s

P g g

S1oyd S ol dllio Seupn g0 Lo )T 005l lykas a8 aloee o ime )5l 5l 0 o

le

&lw

[1] Cochran, W. G. and Watson, D. J. (1936). An experimental on observer’s
basis in the selection of shoot heights, Empire Journal of Experimental
Agriculture, 4, 69-76.

[2] Sarndal, C. E. and Swensson, B. and Wretman, J. (1992). Model Assisted,
Survey sampling, Springer, New Y ork.

[3] Till¢, Y. (2006). Sampling algorithms, Spinger-Verlag, New York.
[4] Chambers, R. and Clark, R. (2012), An introduction to model-based survey
sampling with applications, Oxford University Press.

[5] McBratney, A. B. and Webster, R. (1981). Detection of ridge and furrow
pattern by spectral analysis of crop yield, International Statistical Review,
49, 45-52.

[6] Hedayat, A. S. and Majumdar, D. (1995). Generating desirable sampling
plans by the technique of trade-off in experimental design, Journal of
Statistical Planning and Inference, 44, 237-247.

[7] Arabia, G. (1993). Use of GIS in spatial statistical surveys, /nternational
Statistical Review, 61, 339-359.



\'f ool)’a.w e mol)’)sl.'; @"‘l)

[8] Stevens, D. L. and Olsen, A. R. (2004). Spatially balanced sampling of
natural resources, Journal of the American Statistical Association, 99,
262-15.

[9] Dessard, H. and Bar-Hen, A. (2005). Experimental design for spatial
sampling applied to the study of tropical forest regeneration, Canadian
Journal of Forest Research, 35, 1149-1155.

[10] Salehi, M. (2004). Optimal sampling design under a spatial correlation
model, Journal of Statistical Planning and Inference, 118, 9-18.

[11] De Gruijter, J., Brus, D., Bierkens, M. and Knotters, M. (2006). Sampling
for natural resource monitoring, Springer, Berlin.

[12] Dobbie, M. J., Henderson, B. L. and Stevens, D. L. (2008). Sparse
sampling: spatial design for monitoring stream networks, Statistics
Surveys, 2, 113-153.

[13] Grafstrom, A. and Tillé, Y. (2013). Doubly balanced spatial sampling
with spreading and restitution of auxiliary totals, Environmetrics, 24,
120-131.

[14] Haining, R. P. (2003). Spatial data analysis: Theory and practice,
Cambridge University Press, Cambridge.

[15] Yates, F. (1935). Some examples of biased sampling, Annals of Eugenics,
6,202-213.

[16] Royall, R. M. and Herson, J. (1973). Robust estimation in finite
populations, Journal of American Statistical Association, 68, 880-889.

[17] Appel, B. R., Tokiwa, Y. and Haik, M. (1967). Sampling of nitrates in
ambient air, Atmospheric Environment, 15, 283-289.

[18] Mateu, J. and Muller, W. (2012). Spatio-temporal design, advances in
efficient data acquisition, John Wiley & Sons, Chichester, UK. ISBN:
978-0-470-97429-2.

Sy olEails ( ade BT 225 5 50 5 T sloo ) 55 lis LT (VYY) . cosljommns [14]

U‘)"‘ su‘).QJ ey



‘;toLaj' L;Ln:o‘.\:.a (5‘350“1“: 6‘)4. 6‘“’)" 9o Jola.';.o @Ll‘é fodjs.oj C)'I" VO

Two-Step Spatial Balanced Sampling for Random Fields
Prediction

Ramin Khavarzadeh and Mohsen Mohammadzadeh
Department of Statistics, Tarbiat Modares University, Tehran, Iran

Abstract

Spatial statistics is the science of analyzing spatial data. In environmental
studies, we sometimes deal with dependent data which their correlation is due
to the position in a given space. On the other hand, in sample surveys, it is
assumed that sample are taken from a community of independent units. This
assumption is used in all steps of sampling, modeling and analysis. But when
the members of the studied community are in some way dependent, all
statistical steps and even sampling methods will need to be reviewed and
incorporate the structure of data correlation. In classical sampling for sampling
from a variable, in presence of covariates, balanced sampling can be used to
improve the quality of the sampling plan. In this paper, a spatial balanced
sampling is introduced in which the components of spatial positions are used
as covariates. Then, by a simulation study, it is shown that Kriging based on
a balanced sample produces less error in spatial prediction than other sampling
methods. At the end, the application of this method is shown.

Keywords: Spatial sampling, Two-step spatial balanced sampling, Optimal
spatial sampling, Cube method.
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