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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 110xtOkt 1x@ xat=H |}=}i=QeH u=mt ,=@r=e |RQw=Wm w |U=vWu}tR '|U=vWxat=H '|U=vWCU} R C=ar=]t QO=@ w ?=NDv= =y|ar[Q=yJ R= |=xvwtv '|Q}oxvwtv KQ] l} T=U= Q@ "OwW|t R=Qi= |ar[Q=yJ |O=OaDQO xar=]t OQwt Q=Okt ,qwtat |at=wH u}vJ QO "OvwW|t OQw;Q@ xat=H |=yQDt=Q=B 'xvwtv u; R= xO=iDU=xO=iDU= "OvDUy C@Ft (Spatial Autocorrelation) |}=[i |oDU@tyOwN |=Q=O '=y|ar[Q=yJCkO V}=Ri= ?Hwt 'OyO x�=Q= =Q xat=H |x}L=v R= |@ wN VWwB xvwtv |=yOL=w xm |Q}oxvwtv KQ] R=\UwD xat=H |x}L=v R= ?wN VWwB "�1993 'u=Q=mty w QOwQW� OW Oy=wN xat=H |=yQDt=Q=B QoOQw;Q@"OvwW VNB xat=H |x}L=v s=tD QO |@ wNx@ xvwtv |=yOL=w |va} 'xvwtvKQ] 'l}D=tDU}U |Q}oxvwtv xm OQmC@=FC@Ft |}=[i |oDU@tyOwN =@ |rOtCLD �1959� l =}yxvwtv l} =@ |=xk@] w l}D=tDU}U |Q}oxvwtv 'p=L u}a QO "CU= |Oa@l} `t=wH |=Q@ xv}y@ |Q}oxvwtvw |Rvmlt� OvyO|t x�=Q= xat=H |x}L=v R= ?U=vt |WWwB xm OvDUy |DvU |Q}oxvwtv wO 'xk@] Qy R=|Q}oxvwtv KQ] "OQ=Ov OwHw |Q}oxvwtv KQ] wO u}= |=Q@ Tv=} Q=w ?} Q==v QoOQw;Q@ =:t= '�1991 'u=Q=mtyOyO|t x�=Q= =t x@ =Q xat=H |x}L=v R= ?U=vt |WWwB xm CU= |Qo}O |Q}oxvwtv KQ] 'xO=U u}Dq `@ Qt?U=vt QoOQw;Q@ l} OwHw sOa '|rta x=oO}O R= "OQ=Ov OwHw Tv=} Q=w ?} Q==v QoOQw;Q@ R}v u; |=Q@ xmKQ] �1996� |mUiwmQw@ w Ovryv=t "OwW|t ?wULt |Q}oxvwtv KQ]l} sytha[ |x]kv 'Tv=} Q=w|xvwtv l} =yu; 'xO=U u}Dq `@ Qt |xvwtv ?=NDv= R= TB "OvOQm |iQat =Q 1� u}Dq `@ Qt |Q}oxvwtv"OvyO x�=Q= Tv=} Q=w ?} Q==v QoOQw;Q@ l} Ovv=wD@ =D OvOQm ?=NDv= |i=[=:OQ=O OwHw xO=U u}Dq `@ Qt |Q}oxvwtv OQwt QO Qo}O syt pmWt wO"OW=@ xDW=O |a@ Qt pmW O}=@ xat=H �1"OW=@ xat=H `r[ l} |xR=Ov= x@ O}=@ xvwtv |xR=Ov= �2xm |ar[OvJ Qy x@ =Q xat=H pmW xO=U u}Dq `@ Qt l}D=tDU}U |Q}oxvwtv |iQat =@ �2002� |Lr=YR= V}@ Ov=wD|t xvwtv |xR=Ov= KQ] u}= QO "O=O VQDUo 'OQm \=Lt u=wD@ =Q |}=y`@ Qt u=wD|t u; QOOQm |iQat =Q k� xO=U u}Dq `@ Qt |Q}oxvwtv KQ] �2003� |mUiwmQw@ "OW=@ xat=H `r[ l} |xR=Ov=Tw=yp@ w |Qwq "OW=@ xat=H `r[ l} |xR=Ov= R= QDnQR@ |Q=Okt Qy Ov=wD|t xvwtv |xR=Ov= u; QO xm|UQQ@ |}=[i |oDU@ty pOt l} CLD =Q xO=U u}Dq `@ Qt |Q}oxvwtv KQ] |xv}y@ X=wN �1992�CLD =Q xO=U u}Dq `@ Qt l}D=tDU}U |Q}oxvwtv KQ] |xv}y@ X=wN �2002 '2004� |Lr=Y "OvOQm"OvOQm |UQQ@ |}=[i |oDU@ty pOt u=tyxat=H `r[ l} pw] R= QDsm |xR=Ov= x@ |=xvwtv s}y=wN@ Qo = "Ov=t|t |k=@ p=-wU l} Rwvy =:t=c
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111 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]`@ Qt�k� s=v CLD =Q |Q}oxvwtv KQ] �2003� |mUiwmQw@ #OwW|t O=yvW}B |Q}oxvwtv KQ] xJ s} Q}o@p@=k KQ] u}= ,qta "CU= xOWv x�=Q= Tv=} Q=w OQw;Q@ q=@ KQ] |=Q@ =:t= "O=O x�=Q= SLSS-k �xO=U u}DqKQ] VQDUo w pmWt u}= pL |=Q@ "OQm XNWt =Q u; QoOQw;Q@CkO u=wD|tv uwJ Ow@ Oy=wNv xO=iDU="s}vm|t |iQat =Q 1� uwDU w Q]U hPL |Q}oxvwtv KQ] 2 VN@ QO '|r}]DUt |=xat=H R= SLSS-k|Q}oxvwtv KQ] |}=Q=m 4 VN@ QO "s}yO|t x�=Q= =Q Tv=} Q=w OQw;Q@ w u; Tv=} Q=w 'QoOQw;Q@ 3 VN@ QO"OQ}o|t CQwY |Q}oxH}Dv 5 VN@ QO "OwW|t |@=} RQ=�RCES �1� uwDU w Q]U hPL |Q}oxvwtv KQ] 2CQwYx@ =yOL=w w R=Qi= OL=w R � C |xR=Ov= x@ |r}]DUt |x}=Q; l} x@ xat=H xm O}vm ZQiQ_v QO "OvyO|t u=Wv =Q =yuwDU O=OaD C w =yQ]U O=OaD R "OvwW |Q=PoT}Ov= f1; 2; : : : RCg"n 6 minfR;Cg xm s}vm ?=NDv= n+ 1 |xR=Ov= x@ xvwtv l} s} Q=OuwDU w Q]UTBU '?=NDv=|iO=YD Qw]x@ xat=H R= OL=wl} xmCU= u}= |Q}oxvwtv |=QH=VwQl}\w@ Qt uwDU w Q]U w OwW ?=NDv= xOv=t|k=@ |=yOL=w R= OL=w u}twO "OwW hPL xat=H R= u; x@ \w@ Qtu}= "OwW ?=NDv= OL=w n =D s}yO|t xt=O= =Q Ov}=Qi u}= "OwW hPL xat=H R= R}v xvwtv OL=w u}twO x@(Row Column Elimination Sampling) RCES uwDU w Q]U hPL |xvwtv =Q xvwtv |xawtHt(Joint Inclusion Probabilities) s-=wD pwtW Cq=tDL= R= |[a@ |Q}oxvwtv KQ] u}= QO "s}t=v|t?=NDv= |=yOL=w R= Qo}O OL=w l} "OQ=Ov OwHw Tv=} Q=w ?} Q==v QoOQw;Q@ 'u}= Q@ =v@ "OvW=@|t QiY"s}t=v|t 1� uwDU w Q]U hPL |Q}oxvwtv KQ] =Q |Q}oxvwtv KQ] u}= "s}vm|t ?=NDv= hO=YD x@ xOWvsy xvwtv |xR=Ov= w �`@ Qt pmW x@ xat=H� OvW=@ R |w=Ut w Q@=Q@ Qo}Om} =@ =yuwDU w =yQ]U O=OaD Qo =1� xO=U u}Dq `@ Qt |Q}oxvwtv KQ] u=ty 1� uwDU w Q]U hPL |Q}oxvwtv KQ] x=ou; 'OW=@ R + 1"OwW|tTv=} Q=w QoOQw;Q@ w Tv=} Q=w 'QoOQw;Q@ 3\w@ Qt uwDU w Q]U hPL R= Oa@ "CU= RC OwW ?=NDv= Ov=wD|t xvwtv u}r:w= xm |}=yx=Q O=OaDVwQ (R � 1)(C � 1) x@ =Q xvwtv OL=w u}twO 'u}= Q@ =v@ "Ov=t|t |k=@ OL=w (R � 1)(C � 1)198 c
(2005) J. Stat. Res. Iran 2
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 112"OwW ?=NDv= VwQ (R � k)(C � k) x@ Ov=wD|t xvwtv OL=w u}t=k |:rm Qw]x@ "OQm ?=NDv= u=wD|t?DQt=v |=yxvwtv O=OaD wQn�1k=0 (R�k)(C�k) Q@=Q@ 'n |xR=Ov= x@ umtt |=yxawtHt O=OaD xH}Dv QO:=@ CU= Q@=Q@ umttQn�1k=0 (R� k)(C � k)n! :|xvwtv |=yxawtHt O=OaD 'OwW ?=NDv= VwQ (RC �n) x@ Ov=wD|t �1�� |i=[= |xvwtv u; xm =Hu; R=:=@ CU= Q@=Q@ ?DQt=v umtt(1) Qn�1k=1 (R � k)(C � k)n! (RC � n):QoOQw;Q@ R= xO=iDU= =@ "CU= �j = n+1RC Q@=Q@ j OL=w pwtW p=tDL= xm s}yO|t u=Wv CUw}B QO:=@ CU= Q@=Q@ (�) xat=H u}ov=}t |=Q@ ?} Q==v QoOQw;Q@ l} '�1952� uwUBt=D�RD} wQwy�̂ = 1RC n+1Xi=1 yi�i= 1n+ 1 n+1Xi=1 yi = �y;"CU= s=i OL=w |xar=]t OQwt Q=Okt yi u; QO xmXNWt =Q �ij s-=wD pwtW p=tDL= xmCU= sRqTv=} Q=w?} Q==v OQw;Q@ wTv=} Q=w uOQw;CUO x@ |=Q@QO |m} Qo = =yvD w Qo = OvDUy xvwtv QO wO Qy 'OvW=@ xDW=O Q=Qk uwDU =} Q]Ul} QO j w i OL=w Qo = "s}vmOt=W}B xm |}=yx=Q O=OaD "OwW ?=NDv= �1�� QN; |xvwtv u; u=wvax@ |Qo}O w RCES ?=NDv= |xrLQt:=@ CU= Q@=Q@ OyO|t MQ q=@2(Qn�1k=1(M � k)(N � k)(n� 1)! ) ;:Ow@ Oy=wN Q} R CQwYx@ Cr=L u}= |=Q@ s-=wD pwtW p=tDL= �1� Q@ u; s}UkD =@ xm�1ij = 2nRC(RC � n) :x=ou; 'OvQ}o Q=Qk Cw=iDt |vwDU w Q]U QO j w i |=yOL=w Qo ==} 'RCES QO OL=w wO Qy (ic
(2005) J. Stat. Res. Iran 2 197
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113 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]"OW=@ �1�� QN; |xvwtv u; |Qo}O w RCES QO =yu; R= |m} (iixm =Hu; R=Qn�1k=2 (R� k)(C � k)(RC � n)(n� 2)!Q@=Q@ (i) Cr=L p=tDL= 'OvwW|t ?=NDv= RCES QO j w i OL=w wO u; QO xm CU= umtt |=yxvwtv O=OaD"CU= n2�nRC(RC�R�C+1):=@ CU= Q@=Q@ (ii) Cr=L QO umtt |=yxvwtv O=OaD2(Qn�1k=1 (R� k)(C � k)(n� 1)! � Qnk=2(R� k)(C � k)(n� 2)! ) ::=@ CU= Q@=Q@ (ii) Cr=L p=tDL= �1� Q@ u; s}UkD =@ 'u}= Q@ =v@2n(RC �R� C � n+ 2)RC(RC �R� C + 1)(RC � n) :ẁtHt Q@=Q@ OvQ=O Q=Qk Cw=iDt |=yuwDU w =yQ]U QO xm |}=yOL=w |=Q@ s-=wD pwtW p=tDL= xH}Dv QO"CU= hrDNt Cr=L wO |=Q@ p=tDL=�2ij = n(n� 1)(RC � n) + 2n(RC �R� C � n+ 2)RC(RC �R� C + 1)(RC � n) :=Q OvQ=O Q=Qk i OL=w uwDU =} Q]U QO xm |}=yOL=w |xawtHt "s}vm|t h} QaD xawtHt wO i OL=w |=Q@=@ =Q OvQ=O Q=Qk s=i OL=w =@ Cw=iDt |=yuwDU w Q]U QO xm |}=yOL=w |xawtHt "s}yO|t V}=tv Ri1 =@"s}yO|t V}=tv Ri2:Ow@ Oy=wN Q} R CQwYx@ �y Tv=} Q=w 'u}= Q@ =v@var(�y) = 1(RC)2� RCXi=1(�i � �2i ) y2i�2i + RCXi=1 RCXj=1i6=j (�ij � �i�j) yi�i � yj�j�(2) = 1(RC)2�RC � n� 1n+ 1 RCXi=1 y2i+ 2Xh=1 RCXi=1 Xj2Rih ��hij � (n+ 1)2(RC)2 �yiyj(RC)2(n+ 1)2 �:196 c
(2005) J. Stat. Res. Iran 2
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 114:Ow@ Oy=wN Q} R CQwYx@ Tv=} Q=w ?} Q==v OQw;Q@ l}cvar(�y) = 1(RC)2� n+1Xi=1 1� �i�2i y2i + n+1Xi=1 n+1Xj=1i6=j � 1�i�j � 1�ij �yiyj�(3) = 1(RC)2� (RC � n� 1)RC(n+ 1)2 n+1Xi=1 y2i+ 2Xh=1 n+1Xi=1 Xj2Sih� (RC)2(n+ 1)2 � 1�hij �yiyj�;h} QaD xat=H |=Hx@ |=xvwtv |xawtHt |=Q@ �h = 1; 2 |=Q@� Rih x@=Wt Sih |xawtHt u; QO xm"OwW|tRCES � 1 |Q}oxvwtv KQ] |@=} RQ= 4|r}rLD |@=} RQ= 4 1:OwW|t h} QaD Q} R CQwYx@ |}=Q=m '|Q}oxvwtv KQ] l} |@=} RQ= |=Q@e�(�̂) = var( �ys)var(�̂) ;KQ] pO=at sHL =@ xO=U |iO=YD |Q}oxvwtv KQ] |=Q@ xvwtv u}ov=}t Tv=} Q=w var( �ys) u; QO xmQo = "CU= |UQQ@ CLD |Q}oxvwtv KQ] |=Q@ xat=H u}ov=}t ?} Q==v QoOQw;Q@ �̂ w |UQQ@ CLD |Q}oxvwtv"CU= xO=U |iO=YD |Q}oxvwtv KQ] R= QD=Q=m |UQQ@ CLD |Q}oxvwtv KQ] 'OW=@ e�(�̂) > 1|=Q@ RC |xR=Ov= x@ |=xat=H R= n+ 1 |xR=Ov= x@ |iO=YD |xvwtv Tv=} Q=w ��2002� 'uwUBt=D� 1 src
(2005) J. Stat. Res. Iran 2 195
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115 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]:CWwv Q} R CQwYx@ u=wD|t =Q |i=YD |xO=U |Q}oxvwtvvar( �ys) = �1� n+ 1RC � s2n+ 1= 1(RC)2 RCXi=1 � RCn+ 1 � 1�y2i+ RCXi=1 RCXj=1i6=j � (n+ 1)nRC(RC � 1) � (n+ 1)2(RC)2 � � yiyj(RC)2(n+ 1)2 :(4)x@ �4� |x]@=Q pwtW |=yr=tDL= |Q=Po}=H w uwUBt=D�R}DQwy QoOQw;Q@ Tv=} Q=w R= xO=iDU= =@ "u=yQ@"O};|t CUO\ki w Qo = 'CU= QD=Q=m xO=U |iO=YD |Q}oxvwtv KQ] R= uwDU w Q]U hPL |Q}oxvwtv KQ] 1 |x}[kQo =RCXi=1 yi�!ci < RCXi=1 yi�!i;(5)|}=yOL=w u}ov=}t �!ci w OvQ=O Q=Qk s=i OL=w uwDU w Q]U QO xm CU= |}=yOL=w u}ov=}t �!i u; QO xm"OvQ=Ov Q=Qk s=i OL=w |=yuwDU w Q]U QO xm CU=:s} Q=O �4� w �2� |=yx]@=Q R= "u=yQ@var(�ys)� var(�y) = 1(n+ 1)2 � RXi=1 yi Xj2Ri1 � (n+ 1)nRC(RC � 1) � 2nRC(RC � n)�yi+Xi=1 yi Xj2Ri2 � (n+ 1)nRC(RC � 1) � n(n� 1)RC(RC �R� C + 1)� 2n(RC �R� C � n+ 2)RC(RC �R� C + 1)(RC � n)�yj�194 c
(2005) J. Stat. Res. Iran 2
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 116= 1(n+ 1)2 � RCXi=1 yi nRC� (n� 1)(RC � n� 2)(RC � 1)(RC � n) �� (R+ C � 2) 1R+ C � 2 Xj2Ri1 yj+ RCXi=1 yi� (n+ 1)n(RC �R� C + 1)RC(RC � 1) � n(n� 1)RC� 2n(RC �R� C � n+ 2)RC(RC � n) � 1RC �R� C + 1 Xj2Ri2 yj�::s} Q=O �!i = 1R+C�2 Pj2Ri1 yi w �!ci = 1RC�R�C+1 Pj2ri2 yi h} QaD =@var(�ys)� var(�y) = 1(n+ 1)2�n(n� 1)(RC � n� 2)(R+ C � 2)RC(RC � 1)(RC � n) RCXi=1 yi�!i�+�n(n+ 1)(RC �R� C + 1)RC(RC � 1) � n(n+ 1)RC� 2n(RC � 2)RC(RC � 2)� RCXi=1 yi�!ci ; :s} Q=O |Q@H |x@U=Lt R= TBvar(�ys)� var(�y) = 1(n+ 1)2 �n(n� 1)(RC � n� 2)(R+ C � 2)RC(RC � 1)(RC � n)��X yi�!i �X yi�!ci��: 'u}= Q@ =v@var(�ys)� var(�y) > 0()Xyi�!i >X yi�!ci ; =}e�(�y) > 1()X yi�!i >X yi�!ci : xm =Hu; R=1RC RCXi=1 �!i = 1RC RCXi=1 �!ci = �;"OW=@ =yyi w =y�!ci Tv=} Q=wm R= QDnQR@ =yyi w =y�!i Tv=} Q=wm Qo = =yvD w Qo = 'CU= Q=QkQ@ �5� |x]@=QOwQ|t Q=_Dv= 'OvW=@ |Owta =} |ki= |OvwQ |=Q=O =} OvW=@ C@Ft |oDU@tyOwN |=Q=O xat=H Q}O=kt Qo =c
(2005) J. Stat. Res. Iran 2 193
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117 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]=@ u; |]N |x]@=Q R= VvwDU =} Q]U |=yOL=w Q}O=kt |x}k@ =@ 'yi OL=w Qy Q}O=kt |]N |x]@=Q xmhPL� |Q}oxvwtv KQ] 'u}= Q@ =v@ "OW=@ QDV}@ 'OvQ=O Q=Qk Qo}O |=yuwDU w Q]U QO xm |}=yOL=w Q}O=kt"CU= |Owta =} |ki= OvwQ =@ |}=yxat=H |=Q@ |}=Q=m KQ] �1� uwDU w Q]U|OOa |@=} RQ= 4 2u}= |}=Q=m w Tv=} Q=w '�1� uwDU w Q]U hPL� |Q}oxvwtv KQ] |}=Q=m Q=DiQ |ovwoJ |xOy=Wt |=Q@|=Q@ |@ Qe |=}v}HQ} w uwB=m =m |xv=NOwQ u} Q}W ?; |=yhOY R= QO=v |=xat=H |=Q@ =Q |Q}oxvwtv KQ]OvwQ |=Q=O xat=H u}= "�2005 'C}tU= w |Lr=Y� 's}vm|t x@U=Lt hrDNt |=yxR=Ov= =@ |}=yxvwtvxat=H "�1 pmW� OwW|t R=Qi= OL=w 800 x@ uwB=m =m |xv=NOwQ R= |DtUk "CU= |Owta h}a["OvDUy OL=w Qy QO OwHwt |=yhOY O=OaD |xOvyOu=Wv O=Oa= "CU= uwDU 20 w Q]U 40 |=Q=O|}=Q=m w �1� uwDU w Q]U hPL� |Q}oxvwtv 'xO=U |iO=YD |Q}oxvwtvTv=} Q=w?}DQDx@ 1 pwOH QO"CU= xOW x�=Q= 21 =D 2 |=yxR=Ov= =@ |}=yxvwtv |=Q@ u;|Q=Po}=H uwO@ xO=U |iO=YD |Q}oxvwtv KQ] =@ xU}=kt QO RCES1� KQ] |}=Q=m pwOH "1 pwOHn 2 3 4 5 6 7 8 9 10 11var(�ys) 0 226 0 150 0 112 0 090 0 075 0 064 0 056 0 050 0 045 0 041var(�y) 0 150 0 111 0 089 0 073 0 062 0 054 0 049 0 043 0 038 0 035e�(�y) 1 508 1 347 1 270 1 226 1 199 1 181 1 171 1 163 1 159 1 157n 12 13 14 15 16 17 18 19 20 21var(�ys) 0 037 0 034 0 032 0 030 0 028 0 026 0 026 0 023 0 022 0 021var(�y) 0 032 0 030 0 027 0 025 0 024 0 022 0 021 0 020 0 019 0 018e�(�y) 1 156 1 157 1 159 1 161 1 165 1 169 1 173 1 178 1 183 1 189=@ xm OvO=O u=Wv =t |D=tOkt C=ar=]t "Ovm|t =O}B Q}}eD OYQO 51 =D OYQO 16 R= |}=Q=m V}=Ri=u}= 'OwW|t xOy=Wt xat=H u}= QO xm Qw]u=ty |rw Ovm|t =O}B V}=Ri= R}v |}=Q=m 'xvwtv |xR=Ov= V}=Ri="Ovm|tv |wQ}B |=xOa=k u}vJ R= xat=H192 c
(2005) J. Stat. Res. Iran 2
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 118|Q}oxH}Dv 5|r}]DUt |x}=Q; R= xat=H Qy |=Q@ u=wD|t xmCU= |Q}oxvwtv KQ] 1� uwDU w Q]U hPL |Q}oxvwtv KQ]|Q}oxvwtv KQ] u}= 'Qo}O |wU R= "CU= ?} Q==v Tv=} Q=w OQw;Q@ |=Q=O KQ] u}= xmv}= ut[ 'OQ@ Q=m x@xOW |L=Q] OW=@ l} |xwqax@ =yuwDU w =yQ]U O=OaD st}v}t R= QDlJwm xvwtv |xR=Ov= xm |Dr=L |=Q@xDiQo OQwt l} RHx@ =yuwDU w =yQ]U QO |Q=QmD |=yxvwtv xm OyO|tv xR=H= |Q}oxvwtv KQ] u}= "CU=|Dkw xm CU= u}= Qov=Wv =t |xar=]t "O=O Oy=wN x�=Q= xat=H |x}L=v R= |@ wN VWwB 'u}= Q@ =v@ &OwWx@=Wt Q}O=kt |=Q=O |=xvwox@ x}=Uty |=yOL=w xm |vat u}O@ �� OQ=O OwHw =yOL=w u}@ |oDU@tyOwN"CU= |}=Q=m KQ] 1� uwDU w Q]U hPL |Q}oxvwtv KQ] �� OvDUy|Q}oxvwtv xm O=O u=Wv w OQm |iQat =Q Q=wR=U 1� u}Dq `@ Qt |Q}oxvwtv KQ] �1999� |mUiwmQw@|=xWwN Q=wR=U |Q}oxvwtv KQ] |=Q@ x}r:w= |xvwtv ?=NDv= |=Q@ |@U=vt |Q}oxvwtv 1� xO=U u}Dq `@ Qt|=Q@ |@U=vt |Q}oxvwtv KQ] R}v 1� uwDU w Q]U hPL |Q}oxvwtv KQ] xm OQm |v}@V}B u=wD|t "CU=KQ] �2006� |Lr=Y "�1990 'uwUBt=D� 'OW=@ |=xWwN Q=wR=U |Q}oxvwtv KQ] |x}r:w= |xvwtv ?=NDv="O=O Q=Qk |UQQ@ OQwt =Q u; X=wN w |iQat =Q |=xWwN Q=wR=U 1� uwDU w Q]U hPL |Q}oxvwtvpta SLSS-k |Q}oxvwtv KQ] x}@W ,=@} QkD 1� uwDU w Q]U hPL |Q}oxvwtv KQ] xm s} Q=O Q=_Dv= =t"OQ=O OwHw |r}]DUt |=yxat=H Q@ u; p=ta= u=mt= w Tv=} Q=w ?} Q==v OQw;Q@ uDW=O R=}Dt= xm OvmKQ] x=ou; 'OW=@ 1� �=yuwDU w =yQ]U O=OaD� Q@=Q@ sy xvwtv |xR=Ov= w |a@ Qt 'xat=H |x}=Q; Qo =KQ] |}=Q=m Cr=L u}= QO xm OW Oy=wN 1� u}Dq `@ Qt KQ] u=ty 1� uwDU w Q]U hPL |Q}oxvwtvSLSS�k |Q}oxvwtv KQ] 'OQm xQ=W= �2003�|mUiwmQw@ xm Qw]u=ty "CW=O Oy=wN =Q Q=Okt u} QDV}@R}v RCES+1 KQ] OQwt QO ?r]t u}= "OQ=O |QDV}@ |}=Q=m |Q]k OvwQ =@ |at=wH |Q}oxvwtv |=Q@OvwQ =@ |at=wH |=Q@ |QDq=@ |}=Q=m |=Q=O QmPr=jwi |Q}oxvwtv |=yKQ] xm CU= |a}@] "CU= jO=Y"OvW=@ |Q]k OvwQ =@ |at=wH x@ C@Uv |Owta =} |ki==y`HQtBorkowski, J.J. (1999). Network inclusion probabilities and Horvitz{Thompson estimationfor adaptive simple latin square sampling. Environ. Ecol. Statist. 6, 291-311.Borkowski, J.J. (2003). Simple latin square sampling �k design. Comm. Statist. TheoryMethods 32, 215-237.c
(2005) J. Stat. Res. Iran 2 191
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119 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]H�ajek, J. (1959). Optimum strategy and other problems in probability sampling. �CasopisP�est. Mat. 84, 387-423.Horvitz, D.G. and Thompson, D.J. (1952). A generalization of sampling without replacementfrom a �nite universe. J. Amer. Statist. Assoc. 47, 663-685.Lawry, K.A. and Bellhouse, D.R. (1992). Relative e�ciency of certain randomization proc-dures in an n� n array when spatial correlation is present. J. Statist. Plann. Inference 32,385-399.McKenzie, N.L., Robinson, A.C., and Belbin, L. (1991). Biogeographic survey of the nullar-bor district, Australia. In Nature Conservation: Cost E�ective Biological Survey and DataAnalysis, C.R. Margules and M.P. Austin, eds. pp. 109-126, CSIRO, Australia.Munholland, P.L. and Borkowski, J.J. (1996). Latin square sampling +1 design: a spatialdesign using quadrats. Biometrics 52, 125-136.Salehi, M.M. (2002). Systematic simple latin square sampling (+1) design and its optimality.J. Propagations Probab. Statist. 2, 191-200.Salehi, M.M. (2004). Optimal sampling design under a spatial correlation model. J. Statist.Plann. Inference 118, 8-19.Salehi, M.M. (2006). Adaptive cluster row and column elimination sampling design +1.Comm. Statist. Theory and Method. 35, No. 2. to appear.Salehi, M.M. and Smith, D. (2005). Two-stage sequential Sampling design: a neighborhood-free adaptive sampling Procedure, J. Agric. Biol. Environ. Stat. 10, No. 1, 84-103.Schreuder,. H.T., Gregoire, T.G., and Wood, G.B. (1993). Sampling Methods for Multire-source Forest Inventory. Wiley, New York.Thompson, S.K. (1990). Adaptive cluster sampling. J. Amer. Statist. Assoc. 85, 1050-1059.Thompson, S.K. (2002). Sampling, 2nd ed. Wiley, New York.

190 c
(2005) J. Stat. Res. Iran 2
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 120CUw}Bw Q]U hPL R= TB "OW=@ s=i OL=w pt=W n |xR=Ov= x@ RCES xm OW=@ u}= Ot=W}B A O}vm ZQi?=NDv= uwDU w Q]U hPLVwQx@ xOv=t|k=@ OL=w (R�1)(C�1) R= xvwtv (n�1) 's=i OL=w uwDU'u}= Q@ =v@ "OwW ?=NDv= Ov=wD|t VwQ (RC � n) x@ �1�� |i=[= OL=w u; "OvwW|tjAj = fQn�1k=1(R � k)(C � k)g(RC � n)(n� 1)!:s} Q=O �1� Q@ jAj s}UkD =@ "CU= |D}r=v}OQ=m |xOvyO u=Wv j � j xm |Qw]x@Pr(A) = nRC :'u}= Q@ =v@ "OW=@ 'OwW ?=NDv= 1� |i=[= OL=w u=wvax@ i OL=w xm u}= Ot=W}B B O}vm ZQiPr(B) = Pr(BjA)Pr(A) + Pr(BjAc)Pr(Ac):Pr(BjAc) = 1RC�n w Pr(BjA) = 0 xm =Hu; R=Pr(B) = Pr(BjAc)Pr(Ac)= Pr(BjAc)(1� Pr(A))= 1RC � n�1� nRC� = 1RC"CU= A [ B OW=@ s=i OL=w pt=W RCES+1 xm u}= Ot=W}BPr(A [ B) = Pr(A) + Pr(B)= n+ 1RC :
c
(2005) J. Stat. Res. Iran 2 189
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121 u; |}=Q=m w1� uwDU w Q]U hPL |Q}oxvwtv KQ]0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 00 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 01 0 1 1 1 0 1 0 0 1 1 2 1 0 0 0 0 0 0 01 0 0 0 1 0 0 0 1 0 0 2 3 0 1 0 0 0 0 01 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 00 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0 0 0 1 10 0 0 0 0 0 0 0 0 0 2 0 0 1 1 0 0 0 0 00 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 10 0 0 0 0 0 0 0 0 0 3 0 0 1 1 1 0 2 0 00 0 0 0 0 0 0 0 0 0 2 1 0 1 0 0 2 2 1 00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 1 0 10 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 20 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 20 0 0 0 0 0 0 0 0 2 0 1 1 2 0 0 1 0 1 00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 10 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 1 00 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 00 0 0 0 0 0 0 1 0 3 1 2 1 0 0 0 0 0 0 00 0 0 0 0 0 0 1 0 2 1 0 0 2 0 0 0 0 0 00 0 0 0 0 0 0 0 0 2 0 1 0 1 0 0 1 0 0 10 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 1 4 10 0 0 0 0 0 0 2 2 1 0 1 0 0 0 0 0 0 0 10 0 0 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 00 0 0 0 0 0 0 0 1 1 1 0 0 3 0 0 0 0 0 00 0 0 0 0 1 1 3 1 0 0 1 0 0 0 0 0 0 0 00 0 0 0 0 1 0 1 0 1 1 1 3 2 0 0 0 0 0 00 0 0 0 1 0 0 1 0 0 1 0 1 0 0 0 0 1 0 00 0 0 0 0 0 1 0 2 1 1 0 1 0 1 1 1 0 0 00 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 00 0 0 1 0 0 1 2 0 2 0 0 0 0 0 1 0 0 0 00 0 0 0 0 1 5 1 1 0 1 1 0 0 0 0 0 0 1 10 0 0 0 0 0 1 0 0 1 4 1 0 1 1 0 0 0 0 00 0 0 0 0 0 0 4 0 1 2 1 1 0 0 0 0 0 0 00 0 0 0 0 0 0 1 2 0 3 1 0 0 0 0 0 0 0 00 0 0 0 0 0 1 1 0 0 1 0 0 2 3 0 0 0 0 00 0 0 0 0 0 0 0 1 0 4 0 2 2 0 0 0 0 1 00 0 0 1 0 0 0 3 0 1 2 1 2 0 0 0 0 1 1 00 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 1 0"CU= xOt; CUO x@ |ar[Q=yJ OYCWy x@ xv=NOwQ R= |DtUk R=Qi= R= xm u} Q}W ?; |=yhOY O=OaD "1 pmW188 c
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xO=Rp=tH u}t=OtLt w |v=QH} RQt |Lr=Y OtLt 1221383 Qyt 13 %Ci=} QO1384 Qw} QyW 6 %KqY= u} QN;xO=Rp=tH u}t=OtLt'Q=t; |xOmWywSB'|Qwmi A}DQU u=@=}N 'Qy=]=@=@ u=@=}N '|t]=i u=@=}N"u=Q}= 'u=QyDamin{jamalzadeh@srtc.ac.ir :Q=ovs=}B |v=QH} RQt |Lr=Y OtLt'|[=} Q swra |xOmWv=O 'Q=t; xwQo'u=yiY= |DavY x=oWv=O"u=Q}= 'u=yiY=salehi{m@cc.iut.ac.ir :Q=ovs=}B

c
(2005) J. Stat. Res. Iran 2 187
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