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Program Documentation

PRIME Estimation Table Generation Application

February 1, 2002

Larry Bednar

Purpose

This document presents a high-level summary of the PNW FIA Population Estimate ("TABLING") Application.  

Overview

The PRIME "Tabling" application is designed to provide tables of population estimates and associated variances using data collected as a part of forest resource inventory procedures used by the PRIME Program, Pacific Northwest Research Station, USDA - Forest Service.  

The application is implemented in SAS V8.2 (SAS Institute; Cary, NC).  It can produce population estimates using data collected under the following sampling approaches:

· double sampling for stratification 

· stratified random sampling 

· simple random sampling 

· complete population census 

And estimating the following population parameters:

· sample unit mean

· population total

· separate ratio of means

Using the SAS display manager system, final population estimates may be displayed for temporary viewing, may be printed; or may be written to permanent SAS data sets. SAS provides ability to export this data to dBASE III, Lotus 1-2-3, Oracle or DB2 databases.  The results can therefore easily be transferred to other data management systems for further processing.  

History

This program was originally developed between November 1996 and June 1998 by Larry Bednar to replace the previously used report table generation application (composed of PIPSB FLECS program, FINSYS-2 program [both TABLE-2 and OUTPUT-2 subprograms], Data General macros, Data General Sort/Merge and Fortran 77 data manipulation programs) with a single integrated package for generating forest inventory report tables.  

Major revisions included:

May 2000. - Addition of capacity for using the SAS ODS system to produce HTML versions of application output. 

August 2001. - Testing and revision of computation modules for simple random sampling and stratified random sampling. These options were not used and not thoroughly tested prior to this time. 

February 2002 - Addition of capacity for generating ratio-of-means estimates for simple random sampling, stratified random sampling, and double sampling for stratification.  In addition, the error-checking functions of the program were improved and implemented and numerous additional improvements in programming were made.  

Detailed description

The PRIME Report Table Program is implemented using SAS (Statistical Analysis System).  Development work has been performed on Power Macintoshes (using SAS V6.10, V6.12) and Windows PCs (using SAS V6.11, V6.12, V7, and V8.1).  The program should run correctly under SAS V6.10, V6.12, V7, and V8.  The program is composed of a number of coordinated SAS macros that may be loaded into a SAS autocall library or compiled at the time a SAS session is started.  The user specifies job parameters by definition of macro variables at invocation of the overall control macro.  The control macro passes appropriate subsets of these values to subordinate macros used to complete the job.  

Job parameters that must be specified by the user include: 

Output description

Text to be printed in first header line on all SAS output from the job. 

Text to be printed in second header line on all SAS output from the job.

Type of sampling approach used (double sampling for stratification, simple stratified random sampling, simple random sampling, complete population census)

Type of population statistic to be estimated (population total , sample unit mean, or ratio-of-means)

The number of significant digits to be displayed in final output. 

An indication of whether estimates are to be generated for marginal response categories.  

The reporting unit to be used in the final output (e.g. 1s, 100s, 1000s…)

An indication of whether output in the SAS display manager output window is desired. 

Name of SAS library and data set to which results should be written (optional).  

The base path for HTML files used to hold output tables of populations estimates and associated standard deviations of estimates. The program will store population estimates in a file named by appending the text “_est.html” to the base path and will store estimated standard deviations in a file named by appending “_std.html” to the base path.  (This feature available only when running SAS V7 or later.)

Subpopulation data description (required for complete census and simple random sampling designs)

Name of SAS data set or view containing descriptions of subpopulations (subpopulations are sampled separately by the same method and are combined to obtained an estimate for the complete target population)

Name of SAS variable in subpopulation data set containing a single-column population ID number.

Name of SAS variable in subpopulation data set containing subpopulation size, in number of sample units

(For simple random samples) Name of SAS variable in subpopulation data set containing overall subpopulation sample size, in number of sample units.

Stratum data description (For simple random stratification and double sampling for stratification)

Name of SAS data set or view containing stratum descriptions. 

Name of SAS variable in stratum data set containing ID variable for subpopulation in which each stratum falls. 

Name of SAS variable in stratum data set containing unique ID number for all strata. 

Name of SAS variable in stratum data set containing stratum size, as a multiple of sample unit size. 

 (For double sampling) Name of SAS variable in stratum data set containing stratum primary sample size. 

Name of the SAS variable in stratum data set containing stratum sample size (for simple stratified random sampling) or stratum secondary stratum sample size. 

Observation data description

Name of SAS data set or view containing sample-unit level estimates of the variable for which population-level estimates are desired. 

(For simple random sampling and complete census) Name of SAS variable in observation data set identifying which subpopulation each sample unit belongs to. 

(For double sampling for stratification or simple stratified random sampling) Name of SAS variable in observation data set identifying which stratum each sample unit belongs to. 

Names of SAS variables in observation data set that contain values used to define row categories of the generated table of population estimates. 

Names of SAS variables in observation data set that contain values used to define column categories of the generated table of population estimates. 

Name of SAS variable(s) in observation data set used to represent the sample-unit estimate of the population parameter to be estimated for the row and column classifications indicated.  

The application assumes that:

· the subpopulation data set contains one observation for each subpopulation

· the stratum data set contains one observation for each stratum in the combined target population (all subpopulations considered jointly)

· the observation data set has one observation for each combination of row and column variables evaluated in each sample unit.  

Note that if a category combination does not occur on a sample unit, this typically implies that the response is zero.  In such a case, the clearest approach is to provide an observation zero value for the measured sample attribute.  If no observation is provided for a sample unit, this implies that the sample unit was not evaluated. 

When SAS display manager output is requested by the user, the application generates two output tables in the SAS display manager output window: In the first table, each cell represents an estimated population parameter for the combined target population; in the second table, the calculated standard deviation of the population parameter estimates is displayed.  If the user specifies an output data set, a normalized form of this data is placed in that data set.  

All working data sets created by the application are located in the user’s WORK library.  Data sets created by the user prior to operation of the TABLING application may be overwritten if they have the same names as data sets created by the application. 

Nomenclature and Estimation Details

The application applies estimation formulas presented by Cochran.  Variable names used within the program source code also mimic Cochran's notation as closely as possible.  

For the most frequent Forest Service Forest Inventory and Analysis (FIA) Program estimates, the techniques applied within this application are equivalent to those proposed by Shreueder for deriving estimates from a double sample for stratification design.  Basically, this application carries out Shreuder's single-step expansion from subplot to population-level estimates in two steps: 

· The first step (expansion of subplot estimates to sample unit level) takes place prior to the use of this application and should be manifest in data input through the observation data set; the second step (expansion from sample unit to population level) is accomplished through use of stratum weights rather than plot expansion factors. 

· The second step corresponds to the formulas provided by Cochran and was chosen to facilitate the use of Cochran as a single statistical reference covering all techniques commonly employed by the PNW FIA Program during it's data processing activities.  

Performed properly, this application's approach is algebraically equivalent to Shreuder's.

Validation

Formal testing of all modules was undertaken during the January 2002 revision of the application.  Over 35 different test cases were constructed to test each major estimation option of the application under a number of variations.  Numerical output for each test case was compared to hand calculations to verify numeric accuracy of the result.  Records of this testing are available for review. 

In addition, a similar formal test plan was used to verify correct operation of the simple random sampling and stratified random sampling options during August 2001. 

Macro Descriptions

CENSUS
This macro estimates population totals or sample unit means assuming a complete population census of each subpopulation.  If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.  

CHG_BLK
This macro is used to change blank values of categorization variables (returned by SAS to indicate row or margin totals and subtotals) to the description "ALL" for enhanced interpretability by end users. 

DOUBLE
This macro estimates population totals or sample unit means assuming double sampling for stratification is applied  in each subpopulation. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

DOUBLE_RS
This macro estimates  “separate ratio-of-means” population parameters assuming double sampling for stratification is applied  in each subpopulation. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

GET_OB
This macro extracts the observation set variables specified by the user for use in generating population estimates.  Used with simple random and complete census sampling approaches. 

GET_OB_S
This macro extracts the observation set variables specified by the user for use in generating population estimates. Used with double sampling for stratification and simple stratified random sampling approaches.  

GET_SP
This macro extracts the subpopulation set variables specified by the user for use in generating population estimates. Used with double sampling for stratification, simple stratified random, and complete census sampling approaches. 

GET_SP_R
This macro extracts the subpopulation set variables specified by the user for use in generating population estimates. Used with simple random sampling approach.  

GET_ST_D
(Used in previous TABLING version – now obsolete and not used.) This macro extracts the stratum data set variables specified by the user for use in generating population estimates.  Used with double sampling for stratification sampling approach.  

GET_ST_S
This macro extracts the stratum data set variables specified by the user for use in generating population estimates.  Used with simple stratified random sampling approach.  

IN_CHK
This macro checks input parameters specified by the user to ensure that the job has been specified correctly. (Only the most critical checks implemented presently.)  A number of subsidiary utility macros are also defined within this code module.  

RANDOM
This macro estimates population totals or sample unit means assuming a simple random sample from each subpopulation. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

RANDOM_RS
This macro estimates “separate ratio-of-means” population parameters assuming a simple random sample from each subpopulation. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

REPOUT
This macro accepts cell estimates and associated variance estimates from macro ESTMAIN and creates output tables in the SAS output window.  These tables provide population estimates and associated variance estimates in the general form of the required FIA report tables, but without insertion of customized text breaks and footnotes.  Contents of the output window may then be saved to an ASCII file using standard SAS window management commands.  

SIG_FIGS
This macro converts final estimates to a user-specified number of significant digits. 

STRAT
This macro estimates population totals or sample unit means when a standard stratified sample is used. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

STRAT_RS
This macro estimates “separate ratio-of-means” population parameters when a standard stratified sample is used. If an output SAS data library and data set are specified, the cell estimates and computed variance estimates are output to that data set.

TABLING
This is the control macro that executes and passes job parameters to all other component macros, as appropriate. 

Installation 

The application is provided as a self-extracting WinZip archive (this file is named "TABLING.EXE").  The application can be easily installed on any computer. To install:

1. Create a directory in which to locate the application.  All application files will be located in this directory. 

2. Copy the TABLING.EXE file to the directory created in step 1.

3. At a DOS command line, type "TABLING" and then hit return to unload the contents of the TABLING.EXE file

4. Using a text editor, open the TABLING.SAS file and alter the “%LET t_tab_dir=...” statement found at the beginning of the “code” section of the file.  The text on the right side of the equal sign should indicate the complete path to the “tabling\program” directory created by step 3 above.  Save the modified version of the file.  

Using the Tabling Application

The easiest way to use the application is to:

1. Start SAS

2. Clear all text from the SAS program editor window

3. Open the "Tabling.sas" file from the SAS program editor window.  This can be found in the “tabling\program” directory. 

4. Submit the contents of the SAS program editor window to SAS for execution.  This will compile the application macros to the current SASUSER catalog. 

5. Use one of the examples provided in the appendices of this document as a model for your job specification.  The same examples are also provided in the “tabling\program” directory (named “example_double.sas”, “example_simple_strat.sas”, “example_simple_random.sas”, “example_census.sas”), as is a blank template for a macro invocation (“blank_macro_invocation.sas”).  After modifying the macro invocation(s) to suit your needs, submit that text for execution by SAS to generate the desired population estimates.  

Always scan the SAS log contents generated by the application for indications of errors, etc.  Since this program is still a relatively rough prototype, it may not yet be robust to all possible specification anomalies.  Please report any errors which seem to derive from programming issues to George Breazeale, Computer Applications Group Team Leader, FIA Program, PNW Research Station, Portland Forestry Sciences Laboratory, P.O. Box 3890, Portland, OR 97208-3890; phone number 503-808-2012.  

Development Plans

Plans for further development of this application include:

· Addition of a SAS/AF FRAME or Screen Control Language section to provide a friendlier user interface and better validation of user-specified job parameters. 

· Increased error checking by the error-checking module  (SAS macro IN_CHK) 

· Possible addition of an estimation module for a combined ratio-of-means estimator 

· Further enhancement to improve independence of component macros 

· Elimination of unneeded SAS log messages generated during program execution.  These are helpful as troubleshooting aids, but will be eliminated eventually as the program's robustness to input errors, etc. is improved.  

Description of Appendices

Appendix A
Example of job specification for a separate ratio-of-means estimate using double sampling for stratification

Appendix B
Example of job specification for a separate ratio-of-means estimate using simple stratified random sampling

Appendix C
Example of job specification for a separate ratio-of-means estimate using simple random sampling

Appendix D
Example of job specification for a population total estimate using double sampling for stratification

Appendix E
Example of job specification for a population total estimate using simple stratified random sampling

Appendix F
Example of job specification for a population total estimate using simple random sampling

Appendix G
Example of job specification for a sample unit mean estimate using double sampling for stratification

Appendix H
Example of job specification for a sample unit mean estimate using simple stratified random sampling

Appendix I
Example of job specification for a sample unit mean estimate using simple random sampling

Appendix J
Example of job specification for a population total estimate using a complete population census

Appendices A-J all assume that the macros composing the application have already been compiled.  

Appendix K
Table indicating which invocation parameters must be specified, as a function of the estimation method selected.  

Appendix L
Usage notes on double sampling for stratification. 

Appendix M
Mathematical outline of double sample for stratification estimation (draft). 

Appendix N
Notes on estimation techniques for stratified random sampling.  

Useful References

Cochran, William G., Sampling Techniques, 3d ed. (1977) John Wiley & Sons, NY. 428pp. 

SAS Guide to Macro Processing: Version 6, Second Edition

SAS Guide to the REPORT Procedure: Usage and Reference, Version 6, First Edition

SAS Guide to the SQL Procedure: Usage and Reference, Version 6, First Edition

SAS Language: Reference: Version 6, First Edition

SAS Procedures Guide: Version 6, Third Edition

Shreuder, H. 1995. Forest Science Monograph. 

Appendix A: Invocation Example for Separate Ratio-of-Means Estimators Under Double Sampling for Stratification Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

PURPOSE: The following SAS code executes the TABLING application to

         generate ratio-of-means estimates based on the use of a 

         double sampling for stratification sample design within each 

         subpopulation

Program: example_double_rs.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =double,

         t_est_stat=rom_s,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =str_sz,

         t_st_ssz1 =prim_nh,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix B: Invocation Example for Separate Ratio-of-Means Estimators Under Simple Stratified Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate ratio estimates based on the data obtained from a 

         stratified random sampling design within each 

         subpopulation;

Program: example_strat_rs.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =strat,

         t_est_stat=rom_s,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =size_h,

         t_st_ssz1 =,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix C: Example Invocation for Separate Ratio-of-Means Estimators Under Simple Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate ratio of means estimates based on the use of 

         data obtained from a simple random sampling design from

         each subpopulation

Program: example_random_rs.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =random,

         t_est_stat=rom_s,

         t_sp      =proj.popdata,

         t_sp_spid =subpop,

         t_sp_sz   =n_pop,

         t_sp_ssz  =size,

         t_st      =,

         t_st_spid =,

         t_st_stid =,

         t_st_sz   =,

         t_st_ssz1 =,

         t_st_ssz  =,

         t_su      =proj.obs10,

         t_su_spid =subpop,

         t_su_stid =

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix D: Invocation Example for Population Total Estimators Under Double Sampling for Stratification Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

PURPOSE: The following SAS code executes the TABLING application to

         generate population total estimates based on the use of a 

         double sampling for stratification sample design within each 

         subpopulation;

Program: example_double_sum.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =double,

         t_est_stat=sum,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =str_sz,

         t_st_ssz1 =prim_nh,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix E: Invocation Example for Population Total Estimators Under Simple Stratified Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate population total estimates based on the data obtained 

         from a stratified random sampling design within each 

         subpopulation;

Program: example_strat_sum.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =strat,

         t_est_stat=sum,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =size_h,

         t_st_ssz1 =,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix F: Example Invocation for Population Total Estimators Under Simple Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate population total estimates based on the use of 

         data obtained from a simple random sampling design from

         each subpopulation

Program: example_random_sum.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =random,

         t_est_stat=sum,

         t_sp      =proj.popdata,

         t_sp_spid =subpop,

         t_sp_sz   =n_pop,

         t_sp_ssz  =size,

         t_st      =,

         t_st_spid =,

         t_st_stid =,

         t_st_sz   =,

         t_st_ssz1 =,

         t_st_ssz  =,

         t_su      =proj.obs10,

         t_su_spid =subpop,

         t_su_stid =

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix G: Invocation Example for Sample Unit Mean Estimates Under Double Sampling for Stratification Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

PURPOSE: The following SAS code executes the TABLING application to

         generate sample unit mean estimates based on the use of a 

         double sampling for stratification sample design within each 

         subpopulation;

Program: example_double_mean.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =double,

         t_est_stat=mean,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =str_sz,

         t_st_ssz1 =prim_nh,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix H: Invocation Example for Sample Unit Mean Estimates Under Simple Stratified Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate sample unit mean estimates based on the data obtained 

         from a stratified random sampling design within each 

         subpopulation;

Program: example_strat_mean.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =strat,

         t_est_stat=mean,

         t_sp      =,

         t_sp_spid =,

         t_sp_sz   =,

         t_sp_ssz  =,

         t_st      =proj.strata,

         t_st_spid =subpop,

         t_st_stid =str_id,

         t_st_sz   =size_h,

         t_st_ssz1 =,

         t_st_ssz  =v_sec_nh,

         t_su      =proj.obs10,

         t_su_spid =,

         t_su_stid =str_id,

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix I: Example Invocation for Sample Unit Mean Estimates Under Simple Random Sample Design

/****************************** HEADER *********************************

Larry Bednar, Bednar Consulting, 3226 NE 24th Ave, Portland, OR, 97212

         503-493-8542, lbstat@easystreet.com

Revision date: 31Jan2002

Purpose: The following SAS code executes the TABLING application to

         generate sample unit mean estimates based on the use of 

         data obtained from a simple random sampling design from

         each subpopulation

Program: example_random_mean.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(t_title   =Population Estimates of CWD Vol per Acre,

         t_title2  =For Table 10 of the update publication,

         t_method  =random,

         t_est_stat=mean,

         t_sp      =proj.popdata,

         t_sp_spid =subpop,

         t_sp_sz   =n_pop,

         t_sp_ssz  =size,

         t_st      =,

         t_st_spid =,

         t_st_stid =,

         t_st_sz   =,

         t_st_ssz1 =,

         t_st_ssz  =,

         t_su      =proj.obs10,

         t_su_spid =subpop,

         t_su_stid =

         t_su_suid =obs_id,

         t_su_rows =hwd_yn species,

         t_su_cols =own_grp,

         t_su_attr =cwd_vol/cond_area,

         t_unit    =100,

         t_sig     =5,

         t_margins =no,

         t_print   =YES,

         t_libout  =,

         t_dataout =,

         t_htmlout =);

Appendix J: PRIME Tabling Program Complete Census Estimation Specification

/****************************** HEADER *********************************

Larry Bednar, US Forest Service, Portland Forestry Sciences Lab,

         Portland, OR. (503) 808-2016.

Revision date: 15Jun1998

Purpose: The following SAS code executes the TABLING application to

         generate population estimates for project report based on the

         use of a complete census for each subpopulation;

Program: example_census.sas

************************************************************************/

libname proj 'c:\work\project';

%tabling(title   =Project Wood Volume Population Estimates,

         title2  =For Table 10 of the update publication,

         method  =census,

         est_stat=sum,

         sp      =proj.popdata,

         sp_spid =subpop,

         sp_sz   =n_pop,

         sp_ssz  =,

         st      =,

         st_spid =,

         st_stid =,

         st_sz   =,

         st_ssz1 =,

         st_ssz  =,

         su      =proj.obs10,

         su_spid =subpop,

         su_stid =

         su_suid =obs_id,

         su_rows =hwd_yn species,

         su_cols =own_grp,

         su_attr =ntvl_ft,

         unit    =1000000,

         sig     =5,

         margins =no,

         print   =YES,

         libout  =,

         dataout =,

         htmlout =);

Appendix K: PRIME Tabling Program Specification Requirements

The following table indicates which invocation variables must be provided by a user as a function of the sampling method assumed. 

	Variable
	Description
	Default 

Value
	Double
	Strat
	Random
	Census

	t_title
	Text to be displayed at top of each output page
	
	
	
	
	

	t_Title2
	Text to be displayed in 2d line of each output page
	
	
	
	
	

	t_method
	Sampling method 

(allowed values: census, random, strat, double)
	sum
	required
	required
	required
	required

	t_est_stat
	Population statistic to be estimated 

(allowed values: mean, sum, ratio_sep)
	sum
	required
	required
	required
	required

	t_sp
	Subpopulation data set name
	
	
	
	required
	required

	t_sp_spid
	Subpopulation data set subpopulation ID
	
	
	
	required
	required

	t_sp_sz
	Subpopulation data set subpopulation size variable
	
	
	
	required
	required

	t_sp_ssz
	Subpopulation data set sample size variable
	
	
	
	required
	Required?

	t_st
	Stratum data set name
	
	required
	required
	
	

	t_st_spid
	Stratum data set subpopulation ID variable
	
	required
	required
	
	

	t_st_stid
	Stratum data set stratum ID variable
	
	required
	required
	
	

	t_st_sz
	Stratum data set stratum size variable
	
	required
	required
	
	

	t_st_ssz1
	Stratum data set stratification sample stratum size variable
	
	required
	
	
	

	t_st_ssz
	Stratum data set stratum size variable
	
	required
	required
	
	

	t_su
	Sample unit observation data set name
	
	required
	required
	required
	required

	t_su_spid
	Sample unit observation data set subpopulation ID variable
	
	
	
	required
	required

	t_su_stid
	Sample unit observation data set stratum ID variable
	
	required
	required
	
	

	t_su_suid
	Sample unit observation data set sample unit ID variable
	
	required
	required
	required
	required

	t_su_rows
	Sample unit observation data set row category variables
	
	
	
	
	

	t_su_cols
	Sample unit observation data set column category variables
	
	
	
	
	

	t_su_attr
	For est_stat either “mean” or “sum”, sample unit observation data set variable measured on the sample unit

For est_stat “rom_s”, description of ratio to be estimated, presented as “NumVar/DenVar”, where NumVar is the data set variable to be used as the numerator of the ratio, and DenVar is the data set variable to be used as the denominator. 
	
	required
	required
	required
	required

	t_unit
	Units in which to display estimates 

(multiple of 10, >=1)
	1
	
	
	
	

	t_sig
	Number of significant digits presented in estimates 

(counting number)
	3
	
	
	
	

	t_margins
	Indicates whether the application should generate estimates for combined response categories

(allowed values: NO, YES)
	NO
	
	
	
	

	t_print
	Indicator: display output in SAS output window 

(allowed values: NO, YES)
	YES
	
	
	
	

	t_libout
	Name of SAS library used to store SAS data sets holding generated estimates
	
	
	
	
	

	t_dataout
	Name of SAS data set used to store estimates 
	
	
	
	
	

	t_htmlout
	Base name for desired HTML-format output
	
	
	
	
	


Appendix L - Usage notes on double sampling for stratification. 

Cochran's presentation of double sampling for stratification assumes that a "sample unit" is defined similarly for both primary and secondary sample.  Because this application is designed as an implementation of Cochran's estimation approaches, it is assumed that input data for the secondary sample characterizes the same "sample unit" evaluated during primary sample activities.  

In PNW FIA inventories, the "sample unit" is defined as the large circular area evaluated during primary sample evaluation.  Secondary sample evaluations typically characterize a subset of the primary sample "sample units" employing a field evaluation of a cluster of subplots installed within the "sample unit" boundaries.  Results from subplots within a given "sample unit" are used to estimate attributes of the "sample unit".  Subplot-level estimates must therefore be "expanded" to sample unit level before being input into the Tabling application.  These sample unit estimates are passed to the Tabling application in the observation data set.  

"Sample unit" definition applied during PNW FIA use of Tabling application

Cochran also describes population and stratum size in terms of number of sampling units.  The application therefore expects stratum and population sizes to be expressed as multiples of sample unit size.  

DRAFT

Appendix M: Double Sampling Estimation Techniques

PNW FIA TABLING Application

Larry Bednar

February 1, 2002

Purpose

This document uses math notation to outline techniques employed to estimate population parameters from PNW FIA inventory data.  The notation used is patterned after that used by William G. Cochran in his book "Sampling Techniques, 3d edition", Chapter 12: "Double Sampling".  

Assumptions

1.
The sample unit is defined to be the circle of 81 m. radius defined for primary sample evaluation.  The secondary sample assessment characterizes the sample unit using a system of fixed- and variable-radius subplots each of which provides a cluster sample of population elements (trees, shrubs, coarse woody debris items, etc.) for detailed evaluation.  

2. 
It is assumed that the cluster sample of ground area and trees applied using secondary sample location field subplots during PNW FIA inventories can be reasonably treated as a random sample of the items occurring on a sample unit for estimating sample unit characteristics. 

3. 
It is assumed that no spatial correlations within the data require correction. Because of the relatively small distances between secondary sample subplots, this assumption is closely related to assumption 2 above. 

5. It is assumed that classic double-sample estimators developed for use with random samples provide reasonable approximations of population parameters when applied to the systematic samples typically used by PNW FIA.  

6. Although the cluster of subplots evaluated in detail during evaluation of the 2d sample technically constitute a secondary sample unit, it is assumed that variation introduced by this subsampling is negligible.  Calculations which otherwise would have to be adopted from standard subsampling or 2-stage sampling techniques are therefore not used.

Estimation Descriptions

Notation

Means are indicated by a bar above a variable, with dots substituted for the subscript letters over which the sample is averaged.  Sums are indicated by substitution of dots for letters in the subscripts over which sums are calculated.  The 1st sample, whose parameters are designated by Cochran with an accent, will here be referred to as the “stratification sample”.  The 2d sample, whose parameters are designated without an accent by Cochran, will be referred to here as the “main sample”.  Constants or true population values are represented by uppercase letters, sample estimates are indicated by lowercase letters.  Note that Cochran's yst is equivalent to y…  in the notation used here. 

Zhi(xhij=K) = combined area of conditions with variable xhij ="K" at stratum h, main sample location i 

xhij = variable "x" value for stratum h, main sample location i, condition j

I["expression"] = Indicator random variable - takes value "1" when "expression" is true, "0" otherwise

yhij = volume for stratum h, secondary sample location i, condition j

A'hi = area of sample unit i in stratum h (constant value = A')

Ahi = area included within subplot boundaries for main sample location i in stratum h, as proportion of sample unit area (constant value = A)

Apop = area of target population

phij = proportion of main sample field plot i within stratum h falling within condition j

N = size of target population, as a multiple of sample unit area

Nh = size of stratum h, as a multiple of sample unit area

n' = total number of stratification sample locations

nh' = number of stratification sample locations in stratum h

n = total number of main sample locations

nh = number of main sample locations in stratum h

vh = ratio of number of main to primary sample locations in stratum h

wh = proportion of stratification sample locations within stratum h

Some key relationships:




(1)

Population Estimates

Area 

Sample unit estimates




(2)

Stratum and population level estimates




(3)

Wood Volume 

Sample unit estimates




for all conditions
(4)




for unmapped design
(5)




for conditions with Xhij=K
(6)

Stratum and population level estimates




(7)

Estimates for combined subpopulations

Separate Ratio of Means

Sample unit estimates

Stratum level estimates

Subpopulation level estimates

Estimates for combined subpopulations

Estimation Error

Derivation

From equation 12.13 on page 330 of Cochran




(8)

where g'=(N-n')/(N-1). 

Cochran states that the second term in g' can usually be neglected, resulting in




(9)

Substitute estimators for the population parameters and assume that 1/n' and 1/N are negligible to obtain the usual formulas for estimating the variance of estimated population parameters.  




(10)

The resulting formula (8) is almost unbiased.  Cochran states that it is appropriate for nearly all situations.  A more complex unbiased estimator is also provided by Cochran.  Cochran presents a minor rearrangement for computation in equation 12.24. 

Error in Area Estimates




(11)




(12)




(13)

Error in Volume Estimates




(14)




(15)




(16)

Error in Separate Ratio of Means Estimates

Notes

1. 
A more extensive set of statistical notes concerning use of these estimators with PNW FIA inventory data is available from Larry Bednar, Bednar Consulting, 3226 NE. 24th Avenue, Portland, Oregon 97212 (503-493-8542). 

2.
The TABLING application attempts to fill a single gap in the information system for PNW FIA inventories, indicated by the dashed line in the diagram below: 
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Purpose

Estimation Details

Subplots 	(used to characterize sample unit during secondary


	sample evaluation)





Sample unit (area assessed during primary sample evaluation)





Data





Measured Attributes





Calculated Attributes





Data uses





Sample unit attributes





Exploratory investigation/


Data mining





Population Estimates
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