%macro third_stage_sampling(N=,N1=,N2=,
f1=,f2=,f3h1=,f3h2=,

¢=,c0h=,c1h=,c2h=,c3h=,reps=);

%let n1_y=ceil(%sysevalf(&N1*&f1));
%let n2_y=ceil(%sysevalf(&N2*&f2));
%do lyy=1 %to &reps;
data xc_population;
set xc_population;
run;
proc sgl noprint;
create table district_list as
select distinct district from xc_population;
quit;
proc sgl noprint;
create table district_site_list as
select distinct district,site from xc_population;
quit;
proc surveyselect data=district_list noprint
method=srs sampsize=&f1 out=first_stage _sampling seed=&Ilyy;
run;
data after_first_stage _sampling;
merge district_site_list first_stage_sampling (in = yy1);
by district;
ifyyl=1,
run;
proc surveyselect data=after_first_stage_sampling noprint
method=srs out=second_stage_sampling (drop=SelectionProb
SamplingWeight) sampsize=&f2 seed=&Iyy;

strata district;



run;

proc sort data=xc_population;by district site;run;

proc sort data=second_stage_sampling;by district site;run;

data after_second_stage_sampling;
merge Xc_population second_stage_sampling (in = yy2);
by district site;
ifyy2=1,

run;

data after_second_stage _sampling_h1 after_second_stage sampling_h2;
set after_second_stage_sampling;
if h=1 then output after_second_stage sampling_h1;
if h=2 then output after_second_stage_sampling_h2;

run;

proc surveyselect data=after_second_stage_sampling_h1 noprint
method=srs out=third_stage _sampling_h1 (drop=SelectionProb
SamplingWeight) samprate=&f3h1 seed=&lyy;
strata district site;

run;

proc surveyselect data=after_second_stage _sampling_h2 noprint
method=srs out=third_stage sampling_h2 (drop=SelectionProb
SamplingWeight) samprate=&f3h2 seed=&lyy;
strata district site;

run;

data third_stage_sampling;
set third_stage_sampling_h1 third_stage_sampling_h2;

run;

proc sql noprint;
create table fcs_chosen_numberl as
select count(h) as fcs from third_stage_sampling

group by h;



quit;
proc transpose data=fcs_chosen_numberl
out=fcs_chosen_number
(rename=(coll=fcs_h1 col2=fcs_h2) drop=_name_);
var fcs;
run;
proc sgl noprint;
create table fcs_total numberl as
select count(h) as total from xc_population
group by h;
quit;
proc transpose data=fcs_total_numberl
out=fcs_total _number
(rename=(coll=total_h1 col2=total_h2) drop=_name_);
var total;
run;
data w_h(keep=w1 w2);set fcs_total _number;
wl=total_hl/sum(total_h1,total _h2);
w2=total_h2/sum(total_h1,total h2);
run;
data xc;
set third_stage_sampling;
seed=&lyy;
rrt=rantbl(seed,0.6,0.4);
if rrt=1 then rrt_ball="Red';else rrt_ball="White";
if rrt_ball="Red' then do;
if d1_real=1 then d1=1;
if d1_real=2 then d1=2;
end;

else do;



if birthdate=1 then d1=1;
if birthdate=2 then d1=2;

end;
keep district site h d1;

run;

proc sort data=xc;by district site h;run;

proc freq data=xc noprint;
by district site h;
table d1/out=d01a;

run;

proc transpose data=d0la out=d01b(drop=_name );
by district site h;
id di;

run;

data dO1 (rename=(_1=countl _2=count2)

drop=_label );

if _n_=1 then set fcs_chosen_number;
if _n_=1 then set fcs_total_number;
set d01b;
if _1=.then _1=0;
if _2=. then _2=0;
if _label_="2 5540 F 43 Lk then delete;
chosen_fcs=sum(_1, 2);
percentl=_1/chosen_fcs;

run;

data d01_1 share;
set dO1 (keep=district site h countl

chosen_fcs percentl total_h1 total h2 fcs_hl fcs_h2);

pijl=(percentl-(1-r)*rij)/r;

sampling_ratio_h1=(fcs_h1/&nl_y/&n2_y)/(total h1/&N1/&N2);



sampling_ratio_h2=(fcs_h2/&n1_y/&n2_y)/(total h2/&N1/&N2);
if h=1 then nij3=chosen_fcs/sampling_ratio_h1;
if h=2 then nij3=chosen_fcs/sampling_ratio_h2;
nij3_pijl=nij3*pijl;
if pij1<0 then pij1=0; if nij3_pij1<0 then nij3_pij1=0;
if pij1>1 then pij1=1; if pij1=1 then nij3_pij1=nij3;
run;
proc means data=d01_1_ share sum noprint;
var nij3_pijl;
class h district;
output out=d01 1 p sum=sum_nij3_pij1;
run;
data d01_1 p;set d01_1 p(keep=h district sum_nij3_pijl);
if h=. or district=. then delete;
ni2_ni2_sum_nij3_pij1=&N2/&n2_y*sum_nij3_pijl;
run;
proc means data=d01_1 p sum noprint;
class h;
var ni2_ni2_sum_nij3_pij1;
output out=d01_1 p sum=sum_ni2_ni2_sum_nij3_pijl;
run;
data d01_1 p;setd01_1 p(drop=_type _freq );
if _n_=1then set fcs_total _number;
if _n_=1thensetw_h;
if h=. then delete;
if h=1 then do;
p_h_1=&N1/&n1_y/total_hl*sum_ni2_ni2_sum_nij3_pijl;
w_p_h 1=wl*p h 1,
end;

if h=2 then do;



p_h_1=&N1/&nl y/total h2*sum_ni2_ni2_sum_nij3_pijl;
w_p_h_1=w2*p _h_1,;
end;
run;
proc sgl noprint;
create table d01_pl as
select sum(w_p_h_1) as p1 fromd0l1 1 p;
quit;
data d01_1 v3;setd0l 1 share;
stdijk1=pij1*(1-pijl);
run;
proc means data=d01_1 v3 sum noprint;
var stdijk1;class h district;
output out=d01_1_v3 sum=sum_stdijk1;
run;
data d01_1 v3;setd0l 1 v3;
if _type <3 then delete;
reciprocal_ni2_sum_stdijk1=1/&n2_y*sum_stdijk1;
drop _type_ _freq_;
run;
proc means data=d01_1 v3 sum noprint;
var reciprocal_ni2_sum_stdijk1;
class h;
output out=d01 1 v3 sum=sum_reciprocal_ni2_sum_stdijk1;
run;
data d01_1 v3;
set d01 1 v3 (drop=_type_ _freq );
v3h=1/&nl_y*sum_reciprocal ni2_sum_stdijk1;
run;

data d01_1 v2 pi;



set d01_1 share;run;
proc means data=d01_1 v2_pi sum noprint;
var nij3 nij3_pij1;
class h district;
output out=d01 1 v2_ pi sum=sum_nij3 sum_nij3_pijl;
run;
data d01_1 v2 pi(drop=_type );
set d01_1_v2_pi (drop=_freq.);
if _type <3 then delete;
pih_1=sum_nij3_pijl/sum_nij3;
run;
proc sort data=d01_1 share;by h district;run;
data d01_1 v2;
merge dO1_1 share d01_1 v2_pi;
by h district;
pij_pi_squarel=(pij1-pih_1)**2;
run;
proc means data=d01_1 v2 sum noprint;
var pij_pi_squarel;
class h district;
output out=d01 1 v2 sum=sum_pij_pi_squarel;
run;
data d01_1 v2(drop=_type );
setd01_1 v2(drop=_freq);
if _type_ <3 then delete;
stdij1=1/(&n2_y-1)*sum_pij_pi_squarel;
run;
proc means data=d01_1 v2 sum noprint;
var stdijl;

class h;



output out=d01 1 v2 sum=sum_stdij1;
run;
data d01_1 v2;setd0l 1 v2 (drop=_type _freq );
if h=. then delete;
v2h=(1/&n1_y)*sum_stdij1;
run;
data d01_1 vi;
merge dO1_1 p(keep=h p_h_1) d01_1 v2_pi(keep=h district pih_1);
by h;
p_pi_squarel=(p_h_1-pih_1)**2;
run;
proc means data=d01_1 v1 sum noprint;
var p_pi_squarel;class h;
output out=d01_1_v1 sum=sum_p_pi_squarel;
run;
data d01_1 v1;setd0l1 1 vi(drop=_type_ _freq );
if h=. then delete;
stdil=1/(&nl_y-1)*sum_p_pi_squarel;
vlh=stdil;
run;
data d01_1 v _p;answer_code='D01";
if _n_=1 then set fcs_total_number;
if _n_=1 then set fcs_chosen_number;
if _n_=1thensetw_h;
if _n_=1then set d01_p1;
merge d01_1 vl(keep=hvlh) d01 1 v2(keep=hv2h) d0l 1 v3(keep=h v3h);
by h;
if h=1 then
w_h_v_pl=wl*wl*(vih/&nl_y*(1-&nl_y/&N1)+v2h/&nl_y/&n2_y*(1-&n2_y/&N2)+

v3h/fcs_hl1*((fcs_hl/&nl_y/&n2_y)/(total_h1l/&N1/&N2)));



if h=2 then
w_h_v_pl=w2*w2*(vlh/&nl_y*(1-&nl_y/&N1)+v2h/&nl_y/&n2_y*(1-&n2_y/&N2)+
v3h/fcs_h2*((fcs_h2/&nl_y/&n2_y)/(total_h2/&N1/&N2)));

run;
proc sgl noprint;

create table d01_1 v _plas

select pl,sum(w_h_v_pl)asv_p1l,

pl-1.96*sqgrt(calculated v_p1l) as lower_limit,
pl+1.96*sqrt(calculated v_p1) as upper_limit

fromd01_1 v p;
quit;
data d01_1_ss;

setd01 1 v p;setd01 1 v pi;

var=v_pl;

label vih='c 1h'v2h='0 2h'v3h="0 3h' pl="FFA< LL4]" upper_limit="95%_I- [}

lower_limit='95% | [ answer_code="H{/& ] @i % 5" var="var(p)";

run;
data d01_ss1;

set d01_1 ss(keep=answer_code total _h1 total _h2 fcs_hl fcs_h2

w1l w2 h vlh v2h v3h var);

label var='var(p_k)';
run;
data d01_ss2;set dO1 ssl;

n2h_bar=&N2;n1h=&N1;

if h=1 then n3h_bar=total_h1/&N1/&N2;

else n3h_bar=total h2/&N1/&N2;

nn2h_bar=((v2h-v3h/n3h_bar)/(v1lh-v2h/n2h_bar)*(&clh/&c2h))**0.5;

nn3h_bar=(v3h/(v2h-v3h/n3h_bar)*(&c2h/&c3h))**0.5;

if h=1 then

lamda_var_n=wl1*sqrt(&c3h/v3h)*(nn2h_bar*nn3h_bar*(v1h-v2h/n2h_bar)+nn3h_bar*(v2h-v3h/



n3h_bar)+sqrt(v3h));
else
lamda_var_n=w2*sqrt(&c3h/v3h)*(nn2h_bar*nn3h_bar*(v1h-v2h/n2h_bar)+nn3h_bar*(v2h-v3h/
n3h_bar)+sqrt(v3h));
if h=1 then lamda_var_d=var/2+(w1**2)*(v1h/nlh);
else lamda_var_d=var/2+(w2**2)*(v1lh/nlh);
if h=1 then lamda_cost_n=&c/2-&c0h;
else lamda_cost_n=&c/2-&c0h;
if h=1 then
lamda_cost_d=w1*(sqrt(&clh)*sqrt(vlh-v2h/n2h_bar)+sqrt(&c2h)*sqrt(v2h-v3h/n3h_bar)+sqrt(
&c3h*v3h));
else
lamda_cost_d=w2*(sqrt(&c1h)*sqrt(vlh-v2h/n2h_bar)+sqrt(&c2h)*sqrt(v2h-v3h/n3h_bar)+sqrt(
&c3h*v3h));
run;
proc sql noprint;
create table d01_lamda as
select answer_code,sum(lamda_var_n) as L_var_n, sum(lamda_var_d) as L_var_d,
sum(lamda_cost_n) as L_cost_n, sum(lamda_cost_d) as L_cost_d,
(calculated L_var_n)/(calculated L_var_d) as L_var,
(calculated L_cost_n)/(calculated L_cost_d) as L_cost
from d01_ss2 group by answer_code;
quit;
data d01_ss &lyy;
merge d01_ss2(drop=total_h1 total_h2 fcs_h1 fcs_h2
lamda_var_n lamda_var_d lamda_cost_n lamda_cost_d)
d01_lamda (keep=answer_code L_var L_cost);
by answer_code;
if h=1 then nnlh_var=w1*sqrt(v3h)*L_var/nn2h_bar/nn3h_bar/sqrt(&c3h);

else nnlh_var=w2*sqgrt(v3h)*L_var/nn2h_bar/nn3h_bar/sqrt(&c3h);



if h=1 then nn1h_cost=w1*sqrt(v3h)*L_cost/nn2h_bar/nn3h_bar/sqrt(&c3h);
else nnlh_cost=w2*sqrt(v3h)*L_cost/nn2h_bar/nn3h_bar/sqrt(&c3h);
code=&lyy;
run;
proc print data=d01_ss_&lyy;title "55 &lyy X DO1 FEAE";run;
%end;
%mend third_stage_sampling;
%third_stage_sampling (N=60000,N1=10, N2=12,
f1=3,f2=4,f3h1=0.25,f3h2=0.25,
€=5*10**5,c0h=50000,c1h=30000,c2h=3000,c3h=30,reps=100);
run;
data d01_yn_ss;
set d01_ss 1-d01 ss_100;
run;
data d1_ss_hl(rename=(h=h_hl nn2h_bar=nn2h bar hl nn3h_bar=nn3h_bar hl
nnl_var=nnl_var_hlnnl _cost=nnl_cost_hl n3h_bar=n3h_bar_hl))
d1_ss_h2(rename=(h=h_h2 nn2h_bar=nn2h_bar_h2 nn3h_bar=nn3h_bar_h2
nnl_var=nnl_var_h2 nnl_cost=nnl_cost_h2 n3h_bar=n3h_bar_h2)
drop=answer_code);
setdl_yn_ss;
if h=1 then output d1_ss_h1;
if h=2 then output d1_ss_h2;
run;
data d01_samplesize;
merge d1_ss_h1dl_ss_h2;
by serial_number code;
nnl_hl=max(nnl_var_h1l,nnl_cost_h1);nn1_h2=max(nnl_var_h2,nnl_cost_h2);
flhl=ceil(nnl_h1);f1h2=ceil(nn1_h2);
f2h1=ceil(nn2h_bar_h1);f2h2=ceil(nn2h_bar_h2);

f3hl=ceil(nn3h_bar_h1)/n3h_bar_h1;f3h2=ceil(nn3h_bar_h2)/n3h_bar_h2;



run;



