Appendix II
PROC NLMIXED Code

*Using dataset with drought severity score and mortality data replace suppressed values with number for analysis, delete ages< 25 or population==0, center year at 1991, create offset lnpop, create NOAA regions;

data dat2;
set dat;
 if deaths = “SUPPRESSED” then deaths_num = 5;
 if population = 0 then delete;
 if age_group_13 < 7 then delete;
 c_year = year-1991;
 lnpop = log (population);
 if state = “IL” or state = “IN” or state = “KY” or state = “MO” or state = “OH” or state = “TN” or
state = “WV” then region = 1;
 if state = “IA” or state = “MI” or state = “MN” or state = “WI” then region = 2;
 if state = “CT” or state = “DE” or state = “ME” or state = “MD” or state = “MA” or state = “NH” or
state = “NJ” or state = “NY” or state = “PA” or state = “RI” or state = “VT” or state = “DC” then
region = 3;
 if state = “ID” or state = “OR” or state = “WA” then region = 4;
 if state = “AR” or state = “KS” or state = “LA” or state = “MS” or state = “OK” or state = “TX” then
region = 5;
 if state = “AL” or state = “FL” or state = “GA” or state = “NC” or state = “SC” or state = “VA” then
region = 6;
 if state = “AZ” or state = “CO” or state = “NM” or state = “UT” then region = 7;
 if state = “CA” or state = “NV” then region = 8;
 if state = “MT” or state = “NE” or state = “ND” or state = “SD” or state = “WY” then region = 9;
 if region = 1 then region_label = “CENTRAL”;
 if region = 2 then region_label = “EAST_NORTH_CENTRAL”;
 if region = 3 then region_label = “NORTH_EAST”;
 if region = 4 then region_label = “NORTH_WEST”;
 if region = 5 then region_label = “SOUTH”;
 if region = 6 then region_label = “SOUTH_EAST”;
 if region = 7 then region_label = “SOUTH_WEST”;
 if region = 8 then region_label = “WEST”;
 if region = 9 then region_label = “WEST_NORTH_CENTRAL”;

*create indicator variable for censoring;
Yobserved = 0;
if deaths_num = 0 | deaths_num ge 10 then Yobserved = 1;
[bookmark: duplicate_para_2_981]run;

*sort dataset;
[bookmark: duplicate_para_3_984]proc. sort data = dat2;
[bookmark: duplicate_para_4_985]by age_group_13 race sex;
[bookmark: duplicate_para_2_986]run;
[bookmark: _log86]**********************************************************************************
Interval Censoring with Random Intercepts Only, Including Wet Years
[bookmark: _log87]**********************************************************************************;

*run interval censored negative binomial model with random intercepts INCLUDING wet years, by age/race/sex subgroup;
[bookmark: duplicate_para_5_992]*use lnpop as the offset and include centered year variable in model;
ODS output ParameterEstimates = parms;

[bookmark: _log88][bookmark: _log89][bookmark: duplicate_para_6_995]proc. nlmixed data = dat2; ***Interval censored model uses all Y information***;
[bookmark: duplicate_para_4_996]by age_group_13 race sex;
[bookmark: duplicate_para_7_997]parms bet0 = 0, bet1 = .5, bet2 = 0, alpha = .2, sigsq1 = .1;

[bookmark: duplicate_para_8_999]bounds sigsq1 > = 0;

[bookmark: duplicate_para_9_1001]alphainv = 1/alpha;
[bookmark: duplicate_para_10_1002]linp = (bet0 + g0i) + bet1*Drought_Index + bet2*c_year +lnpop;
[bookmark: duplicate_para_11_1003]mu = exp. (linp);
[bookmark: duplicate_para_12_1004]p = 1/(1 + mu*alpha);


[bookmark: duplicate_para_13_1007]prYeq0 = p**alphainv;
[bookmark: duplicate_para_14_1008]prYeq1 = alphainv*(p**alphainv)*(1-p);
[bookmark: _log90][bookmark: _log91][bookmark: duplicate_para_15_1009]prYeq2 = ((alphainv+ 1)*alphainv/fact(2))*(p**alphainv)*(1-p)**2;
[bookmark: _log92][bookmark: _log93][bookmark: duplicate_para_16_1010]prYeq3 = ((alphainv+ 2)*(alphainv+ 1)*alphainv/fact(3))*(p**alphainv)*(1-p)**3;
[bookmark: _log94][bookmark: _log95][bookmark: duplicate_para_17_1011]prYeq4 = ((alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(4))*(p**alphainv)*(1-p)**4;
[bookmark: _log96][bookmark: _log97][bookmark: duplicate_para_18_1012]prYeq5 = ((alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(5))*(p**alphainv)*(1-p)**5;
[bookmark: _log98][bookmark: _log99][bookmark: duplicate_para_19_1013]prYeq6 = ((alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(6))*(p**alphainv)*(1-p)**6;
[bookmark: _log100][bookmark: _log101][bookmark: duplicate_para_20_1014]prYeq7 = ((alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(7))*(p**alphainv)*(1-p)**7;
[bookmark: _log102][bookmark: _log103][bookmark: duplicate_para_21_1015]prYeq8 = ((alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(8))*(p**alphainv)*(1-p)**8;
[bookmark: _log104][bookmark: _log105][bookmark: duplicate_para_22_1016]prYeq9 = ((alphainv+ 8)*(alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(9))*(p**alphainv)*(1-p)**9;

[bookmark: duplicate_para_23_1018]CDFterm = prYeq0 + prYeq1 + prYeq2 + prYeq3 + prYeq4 + prYeq5 + prYeq6 + prYeq7 + prYeq8 + prYeq9;


[bookmark: _log106][bookmark: duplicate_para_24_1021]** log-likelihood function when Y values are detectable ***;

[bookmark: duplicate_para_25_1023]if Yobserved = 1 then do;
[bookmark: duplicate_para_26_1024]loglike = lgamma (alphainv+deaths_num) - lgamma (alphainv) - lgamma(1 + deaths_num)
[bookmark: duplicate_para_27_1025]+ deaths_num*log(1-p) + alphainv*log(p);
[bookmark: duplicate_para_28_1026]end;


[bookmark: _log107]** log-likelihood function when Y values are interval censored on [1, 9]   ***;

[bookmark: duplicate_para_29_1031]else if Yobserved = 0 then do;
[bookmark: duplicate_para_30_1032]loglike = log (CDFterm - prYeq0);
[bookmark: duplicate_para_28_1033]end;

[bookmark: duplicate_para_31_1035]model deaths_num ~ general (loglike);
[bookmark: duplicate_para_32_1036]random g0i ~ normal(0, sigsq1) subject = fips;

[bookmark: duplicate_para_33_1038]title1 ‘INTERVAL CENSORED (on [1, 9]) NB regression with random effects, using general LL facility’;
[bookmark: duplicate_para_34_1039]title2 ‘Random Intercept Only’;
[bookmark: duplicate_para_2_1040]run;

*save parms to permanent dataset;
data drought.negbin_w_wet;
[bookmark: duplicate_para_35_1044]set parms;
[bookmark: duplicate_para_2_1045]run;

[bookmark: duplicate_para_36_1047]*create permanent dataset with IRRs;
data drought.negbin_w_wetIRR;
[bookmark: duplicate_para_35_1049]set parms;
[bookmark: duplicate_para_37_1050]IRR = exp. (Estimate);
[bookmark: duplicate_para_38_1051]L_IRR = exp. (Lower);
[bookmark: duplicate_para_39_1052]U_IRR = exp. (Upper);
[bookmark: duplicate_para_2_1053]run;

[bookmark: _log108]**********************************************************************************
Interval Censoring with Random Intercepts Only by NOAA Region, Including Wet Years
[bookmark: _log109]**********************************************************************************;
*sort data;
[bookmark: duplicate_para_3_1059]proc. sort data = dat2;
[bookmark: duplicate_para_40_1060]by age_group_13 race sex region;
[bookmark: duplicate_para_2_1061]run;

*run interval censored negative binomial model with random intercepts INCLUDING wet years, by age/race/sex/region subgroup;
[bookmark: duplicate_para_5_1064]*use lnpop as the offset and include centered year variable in model;
ODS output ParameterEstimates = parms2;
[bookmark: _log110][bookmark: _log111][bookmark: duplicate_para_6_1066]proc. nlmixed data = dat2; ***Interval censored model uses all Y information***;
[bookmark: duplicate_para_40_1067]by age_group_13 race sex region;
[bookmark: duplicate_para_7_1068]parms bet0 = 0, bet1 = .5, bet2 = 0, alpha = .2, sigsq1 = .1;

[bookmark: duplicate_para_8_1070]bounds sigsq1 > = 0;

[bookmark: duplicate_para_9_1072]alphainv = 1/alpha;
[bookmark: duplicate_para_10_1073]linp = (bet0 + g0i) + bet1*Drought_Index + bet2*c_year +lnpop;
[bookmark: duplicate_para_11_1074]mu = exp. (linp);
[bookmark: duplicate_para_12_1075]p = 1/(1 + mu*alpha);


[bookmark: duplicate_para_13_1078]prYeq0 = p**alphainv;
[bookmark: duplicate_para_14_1079]prYeq1 = alphainv*(p**alphainv)*(1-p);
[bookmark: _log112][bookmark: _log113][bookmark: duplicate_para_15_1080]prYeq2 = ((alphainv+ 1)*alphainv/fact(2))*(p**alphainv)*(1-p)**2;
[bookmark: _log114][bookmark: _log115][bookmark: duplicate_para_16_1081]prYeq3 = ((alphainv+ 2)*(alphainv+ 1)*alphainv/fact(3))*(p**alphainv)*(1-p)**3;
[bookmark: _log116][bookmark: _log117][bookmark: duplicate_para_17_1082]prYeq4 = ((alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(4))*(p**alphainv)*(1-p)**4;
[bookmark: _log118][bookmark: _log119][bookmark: duplicate_para_18_1083]prYeq5 = ((alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(5))*(p**alphainv)*(1-p)**5;
[bookmark: _log120][bookmark: _log121][bookmark: duplicate_para_19_1084]prYeq6 = ((alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(6))*(p**alphainv)*(1-p)**6;
[bookmark: _log122][bookmark: _log123][bookmark: duplicate_para_20_1085]prYeq7 = ((alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(7))*(p**alphainv)*(1-p)**7;
[bookmark: _log124][bookmark: _log125][bookmark: duplicate_para_21_1086]prYeq8 = ((alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(8))*(p**alphainv)*(1-p)**8;
[bookmark: _log126][bookmark: _log127][bookmark: duplicate_para_22_1087]prYeq9 = ((alphainv+ 8)*(alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(9))*(p**alphainv)*(1-p)**9;

[bookmark: duplicate_para_23_1089]CDFterm = prYeq0 + prYeq1 + prYeq2 + prYeq3 + prYeq4 + prYeq5 + prYeq6 + prYeq7 + prYeq8 + prYeq9;

[bookmark: _log128][bookmark: duplicate_para_24_1091]** log-likelihood function when Y values are detectable ***;
[bookmark: duplicate_para_25_1092]if Yobserved = 1 then do;
[bookmark: duplicate_para_26_1093]loglike = lgamma (alphainv+deaths_num) - lgamma (alphainv) - lgamma(1 + deaths_num)
[bookmark: duplicate_para_27_1094]+ deaths_num*log(1-p) + alphainv*log(p);
[bookmark: duplicate_para_28_1095]end;

[bookmark: _log129][bookmark: duplicate_para_41_1097]** log-likelihood function when Y values are interval censored on [1, 9] ***;

[bookmark: duplicate_para_29_1099]else if Yobserved = 0 then do;
[bookmark: duplicate_para_30_1100]loglike = log (CDFterm - prYeq0);
[bookmark: duplicate_para_28_1101]end;

[bookmark: duplicate_para_31_1103]model deaths_num ~ general (loglike);
[bookmark: duplicate_para_32_1104]random g0i ~ normal(0, sigsq1) subject = fips;

title1 ‘INTERVAL CENSORED (on [1, 9]) NB regression with random effects, using general LL facility with region’;
[bookmark: duplicate_para_34_1107]title2 ‘Random Intercept Only’;
[bookmark: duplicate_para_2_1108]run;

*save parms2 to permanent dataset;
data drought.negbin_w_wet_NOAA;
[bookmark: duplicate_para_42_1112]set parms2;
[bookmark: duplicate_para_2_1113]run;

[bookmark: duplicate_para_36_1115]*create permanent dataset with IRRs;
data drought.negbin_w_wet_NOAAIRR;
[bookmark: duplicate_para_42_1117]set parms2;
where Parameter = “bet1”;
[bookmark: duplicate_para_37_1119]IRR = exp. (Estimate);
[bookmark: duplicate_para_38_1120]L_IRR = exp. (Lower);
[bookmark: duplicate_para_39_1121]U_IRR = exp. (Upper);
[bookmark: duplicate_para_2_1122]run;

[bookmark: _log130]**********************************************************************************
Interval Censoring with Random Intercepts Only, Wet Excluded
[bookmark: _log131]*********************************************************************************;

*Create indicator variable for abnormally wet years and remove them from dataset;
data dat3;
set dat2;
[bookmark: _log132]if wet_index=. then wet = .;
else if wet_index> 0 then wet = 1;
else wet = 0;
if wet = 1 then delete;
[bookmark: duplicate_para_2_1135]run;

[bookmark: duplicate_para_43_1137]*sort dataset without wet years;
[bookmark: duplicate_para_44_1138]proc. sort data = dat3;
 by age_group_13 race sex;
[bookmark: duplicate_para_2_1140]run;

*run interval censored negative binomial model with random intercepts EXCLUDING wet years, by age/race/sex subgroup;
[bookmark: duplicate_para_5_1143]*use lnpop as the offset and include centered year variable in model;

ODS output ParameterEstimates = parms3;
[bookmark: _log133][bookmark: _log134][bookmark: duplicate_para_45_1146]proc. nlmixed data = dat3; ***Interval censored model uses all Y information***;
[bookmark: duplicate_para_4_1147]by age_group_13 race sex;
[bookmark: duplicate_para_7_1148]parms bet0 = 0, bet1 = .5, bet2 = 0, alpha = .2, sigsq1 = .1;

[bookmark: duplicate_para_8_1150]bounds sigsq1 > = 0;

[bookmark: duplicate_para_9_1152]alphainv = 1/alpha;
[bookmark: duplicate_para_10_1153]linp = (bet0 + g0i) + bet1*Drought_Index + bet2*c_year +lnpop;
[bookmark: duplicate_para_11_1154]mu = exp. (linp);
[bookmark: duplicate_para_12_1155]p = 1/(1 + mu*alpha);


[bookmark: duplicate_para_13_1158]prYeq0 = p**alphainv;
[bookmark: duplicate_para_14_1159]prYeq1 = alphainv*(p**alphainv)*(1-p);
[bookmark: _log135][bookmark: _log136][bookmark: duplicate_para_15_1160]prYeq2 = ((alphainv+ 1)*alphainv/fact(2))*(p**alphainv)*(1-p)**2;
[bookmark: _log137][bookmark: _log138][bookmark: duplicate_para_16_1161]prYeq3 = ((alphainv+ 2)*(alphainv+ 1)*alphainv/fact(3))*(p**alphainv)*(1-p)**3;
[bookmark: _log139][bookmark: _log140][bookmark: duplicate_para_17_1162]prYeq4 = ((alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(4))*(p**alphainv)*(1-p)**4;
[bookmark: _log141][bookmark: _log142][bookmark: duplicate_para_18_1163]prYeq5 = ((alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(5))*(p**alphainv)*(1-p)**5;
[bookmark: _log143][bookmark: _log144][bookmark: duplicate_para_19_1164]prYeq6 = ((alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(6))*(p**alphainv)*(1-p)**6;
[bookmark: _log145][bookmark: _log146][bookmark: duplicate_para_20_1165]prYeq7 = ((alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(7))*(p**alphainv)*(1-p)**7;
[bookmark: _log147][bookmark: _log148][bookmark: duplicate_para_21_1166]prYeq8 = ((alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(8))*(p**alphainv)*(1-p)**8;
[bookmark: _log149][bookmark: _log150][bookmark: duplicate_para_22_1167]prYeq9 = ((alphainv+ 8)*(alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(9))*(p**alphainv)*(1-p)**9;

[bookmark: duplicate_para_23_1169]CDFterm = prYeq0 + prYeq1 + prYeq2 + prYeq3 + prYeq4 + prYeq5 + prYeq6 + prYeq7 + prYeq8 + prYeq9;


[bookmark: _log151][bookmark: duplicate_para_24_1172]** log-likelihood function when Y values are detectable ***;

[bookmark: duplicate_para_25_1174]if Yobserved = 1 then do;
[bookmark: duplicate_para_26_1175]loglike = lgamma (alphainv+deaths_num) - lgamma (alphainv) - lgamma(1 + deaths_num)
[bookmark: duplicate_para_27_1176]+ deaths_num*log(1-p) + alphainv*log(p);
[bookmark: duplicate_para_28_1177]end;


[bookmark: _log152][bookmark: duplicate_para_41_1180]** log-likelihood function when Y values are interval censored on [1, 9] ***;

[bookmark: duplicate_para_29_1182]else if Yobserved = 0 then do;
[bookmark: duplicate_para_30_1183]loglike = log (CDFterm - prYeq0);
[bookmark: duplicate_para_28_1184]end;

[bookmark: duplicate_para_31_1186]model deaths_num ~ general (loglike);
[bookmark: duplicate_para_32_1187]random g0i ~ normal(0, sigsq1) subject = fips;

[bookmark: duplicate_para_33_1189]title1 ‘INTERVAL CENSORED (on [1, 9]) NB regression with random effects, using general LL facility’;
[bookmark: duplicate_para_34_1190]title2 ‘Random Intercept Only’;
[bookmark: duplicate_para_2_1191]run;

*save parms3 to permanent dataset;
data drought.negbin_no_wet;
[bookmark: duplicate_para_46_1195] set parms3;
[bookmark: duplicate_para_2_1196]run;

[bookmark: duplicate_para_36_1198]*create permanent dataset with IRRs;
data drought.negbin_no_wetIRR;
[bookmark: duplicate_para_46_1200] set parms3;
[bookmark: duplicate_para_47_1201] where Parameter = “bet1”;
[bookmark: duplicate_para_48_1202] IRR = exp. (Estimate);
[bookmark: duplicate_para_49_1203] L_IRR = exp. (Lower);
[bookmark: duplicate_para_50_1204] U_IRR = exp. (Upper);
[bookmark: duplicate_para_2_1205]run;

[bookmark: _log153]*********************************************************************************
Interval Censoring with Random Intercepts Only by NOAA Region, Wet Excluded
[bookmark: _log154]********************************************************************************;

[bookmark: duplicate_para_43_1211]*sort dataset without wet years;
[bookmark: duplicate_para_44_1212]proc. sort data = dat3;
 by age_group_13 race sex region;
[bookmark: duplicate_para_2_1214]run;

*run interval censored negative binomial model with random intercepts EXCLUDING wet years, by age/race/sex/region subgroup;
[bookmark: duplicate_para_5_1217]*use lnpop as the offset and include centered year variable in model;

ODS output ParameterEstimates = parms4;
[bookmark: _log155][bookmark: _log156][bookmark: duplicate_para_45_1220]proc. nlmixed data = dat3; ***Interval censored model uses all Y information***;
[bookmark: duplicate_para_40_1221]by age_group_13 race sex region;
[bookmark: duplicate_para_7_1222]parms bet0 = 0, bet1 = .5, bet2 = 0, alpha = .2, sigsq1 = .1;
[bookmark: duplicate_para_8_1224]bounds sigsq1 > = 0;

[bookmark: duplicate_para_9_1226]alphainv = 1/alpha;
[bookmark: duplicate_para_10_1227]linp = (bet0 + g0i) + bet1*Drought_Index + bet2*c_year +lnpop;
[bookmark: duplicate_para_11_1228]mu = exp. (linp);
[bookmark: duplicate_para_12_1229]p = 1/(1 + mu*alpha);

[bookmark: duplicate_para_13_1231]prYeq0 = p**alphainv;
[bookmark: duplicate_para_14_1232]prYeq1 = alphainv*(p**alphainv)*(1-p);
[bookmark: _log157][bookmark: _log158][bookmark: duplicate_para_15_1233]prYeq2 = ((alphainv+ 1)*alphainv/fact(2))*(p**alphainv)*(1-p)**2;
[bookmark: _log159][bookmark: _log160][bookmark: duplicate_para_16_1234]prYeq3 = ((alphainv+ 2)*(alphainv+ 1)*alphainv/fact(3))*(p**alphainv)*(1-p)**3;
[bookmark: _log161][bookmark: _log162][bookmark: duplicate_para_17_1235]prYeq4 = ((alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(4))*(p**alphainv)*(1-p)**4;
[bookmark: _log163][bookmark: _log164][bookmark: duplicate_para_18_1236]prYeq5 = ((alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(5))*(p**alphainv)*(1-p)**5;
[bookmark: _log165][bookmark: _log166][bookmark: duplicate_para_19_1237]prYeq6 = ((alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(6))*(p**alphainv)*(1-p)**6;
[bookmark: _log167][bookmark: _log168][bookmark: duplicate_para_20_1238]prYeq7 = ((alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(7))*(p**alphainv)*(1-p)**7;
[bookmark: _log169][bookmark: _log170][bookmark: duplicate_para_21_1239]prYeq8 = ((alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(8))*(p**alphainv)*(1-p)**8;
[bookmark: _log171][bookmark: _log172][bookmark: duplicate_para_22_1240]prYeq9 = ((alphainv+ 8)*(alphainv+ 7)*(alphainv+ 6)*(alphainv+ 5)*(alphainv+ 4)*(alphainv+ 3)*(alphainv+ 2)*(alphainv+ 1)*alphainv/fact(9))*(p**alphainv)*(1-p)**9;

[bookmark: duplicate_para_23_1242]CDFterm = prYeq0 + prYeq1 + prYeq2 + prYeq3 + prYeq4 + prYeq5 + prYeq6 + prYeq7 + prYeq8 + prYeq9;

[bookmark: _log173][bookmark: duplicate_para_24_1244]** log-likelihood function when Y values are detectable ***;
[bookmark: duplicate_para_25_1245]if Yobserved = 1 then do;
[bookmark: duplicate_para_26_1246]loglike = lgamma (alphainv+deaths_num) - lgamma (alphainv) - lgamma(1 + deaths_num)
[bookmark: duplicate_para_27_1247]+ deaths_num*log(1-p) + alphainv*log(p);
[bookmark: duplicate_para_28_1248]end;

[bookmark: _log174][bookmark: duplicate_para_41_1250]** log-likelihood function when Y values are interval censored on [1, 9] ***;

[bookmark: duplicate_para_29_1252]else if Yobserved = 0 then do;
[bookmark: duplicate_para_30_1253]loglike = log (CDFterm - prYeq0);
[bookmark: duplicate_para_28_1254]end;

[bookmark: duplicate_para_31_1256]model deaths_num ~ general (loglike);
[bookmark: duplicate_para_32_1257]random g0i ~ normal(0, sigsq1) subject = fips;

title1 ‘INTERVAL CENSORED (on [1, 9]) NB regression with random effects by Region, using general LL facility with region’;
[bookmark: duplicate_para_34_1260]title2 ‘Random Intercept Only’;
[bookmark: duplicate_para_2_1261]run;
*save parms4 to permanent dataset;
data drought.negbin_no_wetNOAA;
set parms4;
[bookmark: duplicate_para_2_1265]run;
*Create permanent dataset of IRRs;
data drought.negbin_no_wetNOAAIRR;
 set parms4;
[bookmark: duplicate_para_47_1269] where Parameter = “bet1”;
[bookmark: duplicate_para_48_1270] IRR = exp. (Estimate);
[bookmark: duplicate_para_49_1271] L_IRR = exp. (Lower);
[bookmark: duplicate_para_50_1272] U_IRR = exp. (Upper);
[bookmark: duplicate_para_2_1273]run;
