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1. INTRODUCTION 

The development of a mail l i s t  is one of the 
most s i gn i f i can t  phases of the overal l  task of 
taking the census of ag r i cu l tu re ,  since accurate 
census resul ts  are highly dependent upon a 
complete mail l i s t .  The object ive i n  development 
of the l i s t  is to obtain a complete l i s t  while 
minimizing dupl icate records and e l iminat ing non- 
farm records. The mail l i s t  for  the 1982 Census 
of Agr icu l tu re  is a prime example of a single-use 
census l i s t  compiled from mul t ip le  admin is t ra t ive 
record sources. A three-par t  automated record 
l inkage system was developed as a cos t -e f fec t i ve  
means to i den t i f y  dup l icat ion:  ( I )  Employer 
I d e n t i f i c a t i o n  Number and Social Secur i ty Number 
l inkage, (2) name/address recode l inkage, and 
(3) c l e r i ca l  review encompassing a l l  record sets 
not previously defined as dupl icates or non- 
ddpl icates.  The alphabetic l inkage part of the 
system was based on the record linkage theory 
developed by Fel legi  and Sunter of S t a t i s t i c s  
Canada.[ l ]  This paper describes and analyzes the 
methodology used to remove duplicates and 
identify nonfarms from the multiple source l i s t  
through a record linkage process.[2] 

2. CENSUS BACKGROUND 

The 1982 Census of Agr icu l tu re  was the 22nd 
nationwide census of agr icu l tu re  taken in the 
United States. The f i r s t  agr icu l tu re  census was 
taken in 1840 in combination with the census of 
populat ion. The census is required by law under 
the provisions of T i t l e  13, U.S. Code and 
general ly is taken every 5 years in the 
50 states,  plus Puerto Rico, Guam, and the 
Vi rg in  Islands. The 1982 census and the three 
previous censuses were conducted pr imar i l y  by 
mail with data co l lec t ion  by se l f  enumeration. 
Pr ior  to the 1969 Census of Agr icu l tu re ,  data 
were col lected by enumerators through personal 
in terv iew.  The i n i t i a t i o n  of census data 
co l lec t ion  by mail required development of new 
procedures and methods for  procurement of 
admin is t ra t ive record source l i s t s  and handling 
of large name and address f i l e s  in the l i s t  
development, mai l ing,  and processing operations. 

Census report forms are mailed at the end of 
the census reference year with fol low-up l e t t e rs  
and report forms being sent to nonrespondents at 
3- to 4-week i n t e r v a l s . [ 3 ]  Data co l lec t ion  
requires approximately 6 months. Telephone 
fo l low-up is used to obtain data for  nonrespon- 
dents thought to have large operations. Af te r  
the data co l lec t ion  phase, report forms are 
checked and processed pr imar i l y  using computer 
assisted methods. The f ina l  processing 
operations include data table preparat ion, 
technical  review, and publ icat ion of the census 
data. 

3, ADMINISTRATIVE RECORDS 

The a v a i l a b i l i t y  and procurement of 
admin is t ra t ive record f i l e s  are major require- 
ments for  co l lec t ion  of data by mail for  the 

census of agr i cu l tu re .  Early research studies 
indicated there was no single source f i l e  which 
would provide adequate coverage for  the census. 
Therefore, a combination of several d i f f e ren t  
admin is t ra t ive record f i l e s  was used in order to 
obtain as complete a l i s t  as possible. 

The primary source l i s t s  used for  the 1982 
Census of Agr icu l tu re  were the f i l e s  of farm 
operators from the previous 1978 Census of Agr i -  
cu l tu re ,  the Internal  Revenue Service (IRS) f i l e  
of ind iv iduals  f i l i n g  Form 1040 Schedules F or C 
(farm tax re turns) ,  and the producers f i l e s  of 
the Agr icu l tu re  S tab i l i za t i on  and Conservation 
Service (ASCS) of the U.S. Department of Agr i -  
cu l ture (USDA). Other source l i s t s  used included 
the IRS farm partnership f i l e  (form 1065), the 
IRS farm corporat ion f i l e  (form 1120), the Social 
Securi ty f i l e  of farm employers (form 941 and/or 
943), the USDA S t a t i s t i c a l  Reporting Service 
(SRS) l i s t  frame f i l e  for  the 31 avai lable 
states,  the nonrespondent f i l e  from the previous 
census, and special l i s t s  from various sources 
for  large or special ized farm operations. In 
add i t ion ,  the nonfarm records and the dupl icate 
records from the previous census were used to 
f a c i l i t a t e  farm status c l ass i f i ca t i on  and re- 
moval of dupl icates.  The information obtained 
for  the source l i s t s  from outside the Census 
Bureau was l imi ted and varied by source. A 
major i ty  of the l i s t s  had some type of code or 
value which indicated the size of operation while 
others had farm locat ion and type of operation 
ind ica tors .  The qua l i t y  and up-to-dateness 
varied by source. 

The to ta l  number of name and address records 
obtained from a l l  sources was about 19.0 m i l l i on .  
There was extensive dupl icat ion between f i l e s  and 
w i th in  f i l e s .  Var iat ions of the same name- 
nicknames, i n i t i a l s ,  middle names, and farm names 
appeared in the source l i s t s .  Farm operators 
used d i f f e ren t  addresses due to business and 
res ident ia l  locat ions or re locat ions.  

4. METHODOLOGY 

The development of the census mail l i s t  
consisted of two l i s t  bui ld ing phases: ( I )  the 
Farm and Ranch I d e n t i f i c a t i o n  Survey phase that  
included 15.8 m i l l i on  source records, and (2) the 
main census phase that provided an addi t ional  
3.2 m i l l i on  source records. Each phase had f ive 
major operational parts: ( I )  Format and 
Standardizat ion,  (2) Employer I d e n t i f i c a t i o n  
Number (EIN) and Social Securi ty Number (SSN) 
l inkage, (3) Geographic coding and ZIP Code ed i t ,  
(4) Alphabetic name l inkage, and (5) Cler ica l  
review of a l l  record sets not previously defined. 

The f i r s t  phase was completed in early 
1982 and a prel iminary l i s t  resul ted. Units 
i den t i f i ed  from th is  phase as having a high 
l i ke l ihood  of being nonfarm (based pr imar i l y  upon 
the l i s t  source or combination of sources) were 
selected for  inclusion in the Farm and Ranch 
I d e n t i f i c a t i o n  Survey. The object ive of th is  
survey was to i den t i f y  nonfarm addresses and add 
new tenant and successor names. The resul ts  of 
the survey, along with previously unavailable 
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source l i s t s ,  were used in the second phase of 
record l inkage to develop the f i na l  census 
mai l ing l i s t .  This two-phase process reduced the 
l i s t  from 19.0 m i l l i o n  addresses to 3.6 m i l l i o n  
addresses. Qual i ty  control  samples and a " t race"  
sample were used during production processing 
to va l ida te  methodology, provide mail f i l e  
est imates, and tes t  computer programs. 

4.1 In i t ia l  Processing 
Before mu l t ip le  source records could be l inked 

and dupl icate records e l iminated,  the ind iv idua l  
source records needed to be put in to  a standard 
format for  name and s t reet  or rural  address. As 
part of the process of provid ing name and 
address format and s tandard iza t ion ,  many opera- 
t ions were performed to provide tools  for  the 
subsequent record l inkage and dupl icate  iden- 
t i f i c a t i o n .  These included an ed i t  of the source 
record, a determinat ion of name con t ro l ,  the 
i nse r t i on  of a surname loca to r ,  the i d e n t i f i c a -  
t i on  of address components, the assignment of a 
size code, the i d e n t i f i c a t i o n  of a potent ia l  
par tnership or corporat ion wi th a record f l ag ,  
and geographic coding. 

The basic ed i t  program placed a l l  source 
records in to  a common format for  processing. The 
format used consisted of four types of f i e l d s :  
( i )  primary and secondary name f i e l d ,  (2) address 
f i e l d ,  (3) place f i e l d  ( c i t y ,  s ta te ,  and ZIP 
Code), and (4) processing code f i e l d s .  Each 
record was assigned an address p r i o r i t y  code to 
i d e n t i f y  the source l i s t .  This code was used in 
the l inkage process to determine which source 
record to re ta in  in the case of dup l icates.  
Source l i s t s  with the surname f i r s t  were edited 
using a program to switch the order of names. 

The ed i t  program also removed commas, periods, 
and cer ta in  special symbols from the name and 
address f i e l ds  and inserted a space between any 
adjacent numerics and alphabet ics.  For example: 

James F. Jones, J r .  became James F Jones Jr 
1420 Elm #301 became 1420 Elm 301 
76B598 became 76 B 598 

By th i s  process, the name and address f i e l ds  
were broken down in to  a series of numeric or 
nonnumeric words separated by one space. 

Name control  (normal ly the f i r s t  four 
characters of the surname) was essent ia l  in 
determining pos i t i ve  or possible dupl icate status 
when records were l inked on EIN or SSN. Although 
name control  existed on many source records, the 
various sources used d i f f e r e n t  procedures. A 
uniform method was designed and used on a l l  
records to i d e n t i f y  the surname. This program 
involved reading the name f i e l d  and matching 
selected words to a "skip l i s t "  d i c t i onary  con- 
t a i n i ng  over 1,000 words and abbreviat ions (such 
as Farm, Dairy ,  Bros) which could appear in the 
name f i e l d ,  but were not l i k e l y  to be the 
surname. An i nd i ca to r  (surname locator )  was 
placed in each record to i d e n t i f y  the f i e l d  
pos i t ion  of the word used to derive the name 
con t ro l .  I t  was used l a te r  in i d e n t i f y i n g  name 
parts for  recoding. 

Numeric characters were extracted from the 
address f i e l d  fo r  use in determining match status 
in the a lphabet ic  name l inkage. Box numbers, 
rural  route numbers, and s t ree t  address numbers 

were i d e n t i f i e d  and placed in spec i f i c  data 
f i e l d s .  One f i e l d  contained box numbers and 
s t ree t  address numbers; a separate f i e l d  con- 
ta ined rural  route numbers. A subroutine of the 
ed i t  program was designed to scan the address 
f i e l d  for  numeric words and c lass i f y  them 
according to t h e i r  pos i t ion  re la t i ve  to non- 
numeric words matched to a d i c t i onary .  The 
address completeness and cha rac te r i s t i cs  varied 
considerably by source--20.4 percent contained 
Box or Street  and Route, 33.1 percent had Box or 
Street  only,  28.1 percent had Route only, and 
18.4 percent had ne i ther .  

Each record was assigned a measure of size 
derived from size ind ica tors  present in the 
source record. A size code was placed in a 
separate f i e l d  for  each source. During record 
l inkage,  the size code was retained for  a l l  
sources on which a name appeared by t r ans fe r r i ng  
data from the deleted dupl icate record to the 
retained record. This allowed the der ivat ion of 
both a "source combination code" i nd ica t ing  a l l  
the sources for  the f i na l  record, and a " f i na l  
size code" from a l l  the ind iv idua l  source size 
codes. The f i na l  size code was used in census 
processing to determine the type of report form 
to mai l ,  sampling rate,  and type of fo l low-up 
procedure for  nonrespondents. 

The record l inkage process was designed to 
prevent computer delet ion of matched partnership 
or corporate records and ind iv idua l  records. 
Because ind iv idua ls  are commonly involved in both 
par tnership and sole p ropr ie to rsh ip  operat ions, 
records that  possibly represented a partnership 
or corporat ion were f lagged. This f lag (known as 
the PPC f lag)  prevented erroneous computer 
de le t ion of records with matched names or 
i d e n t i f i c a t i o n  numbers, permi t t ing  a c l e r i ca l  
decis ion to be made on the l inked records. A 
d i c t i onary  of words and abbreviat ions associated 
wi th  partnerships and corporat ions was used as a 
basis for  applying the PPC f lag  to a record. 

An essent ia l  part of the processing was 
geographic coding. The geographic coding system 
was designed to ensure that  each of the records 
enter ing the record l inkage system contained 
standardized and edited geographical codes; 
i . e . ,  s tate and county codes, county alpha codes, 
ZIP Codes, and ZIP group numbers. Numerical 
s tate and county codes were assigned based on 
ZIP Code. County alpha codes consist  of the 
f i r s t  four l e t t e r s  of th~ county name and are 
used in census processing. For the major i ty  of 
records the ZIP group was iden t i ca l  to the 
5 - d i g i t  ZIP Code. However, in the c i t i e s  served 
by mu l t i p le  ZIP Codes a s ingle ZIP group number 
was assigned for  a l l  ZIP Codes in the c i t y  
range, thus t rea t i ng  the c i t y  ZIP range as a 
s ingle ZIP Code. 

4.2 Record Linkage 
The actual record l inkage was done in three 

s tages-- l inkage by Employer I d e n t i f i c a t i o n  Number 
(EIN) and Social Secur i ty  Number .(SSN), l inkage 
by name w i th in  geographic ZIP groups, and l inkage 
wi th  h i s t o r i c a l  ag r i cu l t u ra l  records. The most 
d i r e c t  means for  l i nk ing  records among the source 
l i s t s  was by the use of the EIN or SSN. Eighty-  
nine percent of the records had e i the r  EIN or SSN 
or both. A f te r  l inkage on these i d e n t i f i c a t i o n  
numbers and delet ion o f  pos i t i ve  dupl icates,  
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names and addresses were recoded p r i o r  to 
performing alphabet ic name l inkage w i th in  a ZIP 
group number (or b lock) .  At the completion of 
t h i s  stage each l inked record was c l a s s i f i e d  as a 
dup l i ca te ,  possible dup l ica te ,  or nondupl icate. 
Possible dupl icates were reviewed c l e r i c a l l y .  
The de ta i l s  of the operations performed in these 
three stages of record l inkage are described in 
t h i s  sect ion.  

The i d e n t i f i c a t i o n  number record l inkage stage 
had a separate process for  EIN l inkage and for  
SSN l inkage.  Records wi th both numbers were 
car r ied through both matching operat ions. The 
f i r s t  step in the operation was to sort  the 
records by EIN or SSN, name con t ro l ,  PPC f lag ,  
and address p r i o r i t y .  The sort  was a c r i t i c a l  
f ac to r  for  the proper func t ion ing  of the system 
since several var iables were checked w i th in  a 
block of records wi th the same EIN or SSN. I f  
records matched on EIN or SSN, but the name 
contro l  var iable was not equal or the PPC f lag 
was present, the records were i d e n t i f i e d  as 
possible dupl icates for  c l e r i ca l  review. 

Most of the records from the Form 1040 Sched- 
ules F or C contained two SSN's - -  usual ly  
husband's and w i f e ' s .  Since the l inkage was 
accomplished by sor t ing  ind iv idua l  records by 
SSN, "dummy" records were created fo r  those 
records wi th two SSN's. The "dummy" records were 
ti le exact dupl icates of t h e i r  masters except the 
SSN's were reversed, thus a l lowing l inkage on 
both numbers. A f te r  the l inkage process, the 
"dummy" records were matched back to t h e i r  master 
records and any codes picked up during processing 
were t rans fer red  to the master. The "dummy" 
records then were deleted. 

When two records were l inked a comparison of 
other record var iables was made. On th i s  basis, 
the records were i d e n t i f i e d  as e i the r  pos i t i ve  
dupl icates or possible dupl icates.  In the f i r s t  
case one of the l inked records was deleted by the 
computer. In the second case, the l inked records 
were displayed and reviewed c l e r i c a l l y .  
Addi t iona l  in format ion in the records was used to 
determine match status according to spec i f i c  
rules and procedures. When pos i t i ve  dup l ica te  
status resul ted,  the ob ject ive was to re ta in  the 
record wi th the highest qua l i t y  address and 
in format ion (e.g. 1978 census codes, i f  present, 
Standard Indus t r i a l  C l a s s i f i c a t i o n  Code, 
geographic codes, and the source size i nd i ca to r )  
from the record to be deleted by t r a n s f e r r i n g  i t  
to the retained record. The PPC f lag  was used to 
change the match status to possible dupl icate  
when possible partnership or corporate type names 
were involved. 

In order to perform alphabet ic name l inkage,  
names and addresses had to be put in to  a standard 
format. For names, th i s  involved i d e n t i f i c a t i o n  
of each name part of a record, creat ion of a l t e r -  
nat ive mu l t ip le  name pat terns,  coding of surname 
and f i r s t  name, conversion of nicknames to proper 
names, and recoding of those names. Address 
recoding was completed in the i n i t i a l  processing. 

In order to i d e n t i f y  each name part of the 
ind iv idua l  records, each word in the name f i e l d  
was compared to the "skip l i s t "  d i c t i ona ry .  
Those words appearing on the "skip l i s t "  were 
deleted. Al l  remaining words were c l a s s i f i e d  as 
e i t he r  a surname, s ingle l e t t e r ,  con junct ion,  or 
other .  The surname was i d e n t i f i e d  by the surname 

loca tor .  Nicknames and conjunct ions were 
i d e n t i f i e d  through " look-up" d i c t i o n a r i e s .  Words 
and l e t t e r s  were c l a s s i f i e d  by codes given in the 
fo l low ing  tab le .  These codes were retained in 
sequence and became the name pat tern.  

Word C.l.a.s, s i f i ca t i on  and Codin9 

Word Type Code 

Single Let ter  . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Surname . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Conjunction . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
All  Others ( includin 9 nicknames) . . . . . . .  1 

The name pattern was compared to a name pattern 
f i l e  which i d e n t i f i e d  each word or l e t t e r  as a 
f i r s t  name (FN), f i r s t  i n i t i a l  (F I ) ,  middle 
i n i t i a l  (MI), or las t  name (LN). When mu l t ip le  
name patterns were encountered, add i t iona l  output 
records were created. Mu l t i p le  names were 
i d e n t i f i e d  as names fo l low ing  a conjunct ion such 
as "&," "and," "o r , "  etc.  Addi t ional  output 
records were created for  names in the second name 
f i e l d  and partnership name~. 

I f  the character fo l low ing  the middle name is a 
conjunct ion,  and the name pattern is "John Jones 
& Frank Smal l " - -pa t te rn  = 11413, then three names 
were recoded--John Jones Small, John Jones, and 
Frank Small. Note that  t h i s  pattern also recodes 
"John Paul & Mary Jones" in to  John Paul Jones, 
John Paul, and Mary Jones. This is an attempt to 
i d e n t i f y  partnerships which could change name 
order in d i f f e r e n t  source f i l e  records. Examples 
of name pattern recodes are given below. 

Example (1)- 

Name 

Name Pattern 

Word Type 

R O be r t  

Other 

E 

Single 
Le t te r  

Patterson 

3 

Surname 

Recode: FN=RBRT 
FI =R 
MI =E 
LN=PTRS 

Example .(2)- 

Name John A & M a ry C 
Name 
Pattern I 2 4 1 2 

, 

Con- 
Word Other Single junc-  Other Single 

~ p e  Let ter  t i on  Let ter  
. . . . . . .  

Doe 

Sur- 
name 

R ecode I :  FN=JHN Recode 2: FN=MR 
F I =J F I =M 
MI =A MI =C 
LN=D LN=D 
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Example (3)- 

Name John Jones 
Name 
Pattern i i 

- -  . 

Word Other Other 
Type 

• 

& ..... Frank Small 

4 1 3 
. . . .  

Conjunc- Other Surname 
t i on  

Recode 1: Recode 2: Recode 3: 
FN=JHN FN=JHN FN=FRNK 
F I =J F I =J F I =F 
MI=J MI (none) MI (none) 
L N=SML LN=J NS LN=SML 

In a l l  phases of a lphabet ic  name l inkage about 
99.3 percent of the name and address input  
records were matched to the pat tern f i l e  and 
0.7 percent were re jected as nonpattern 
arrangements. A nonpattern arrangement occurred 
when the surname ]ocator  was blank or when a 
p a r t i c u l a r  pat tern  did not matcl~ one of the 
possib le name pat te rns .  This occurred p r i m a r i l y  
in mu l t i p le  name s t r i ngs ,  such as "Tom A Dick B 
and Harry C Smith."  

A f t e r  i d e n t i f i c a t i o n  of a l l  pat terns of name 
par ts ,  surnames and f i r s t  names were recoded 
using a soundex system modif ied prev ious ly  fo r  
use in the a g r i c u l t u r e  census. The recoded name 
reta ined the f i r s t  l e t t e r ,  deleted the second of 
each double consonant and a l l  vowels inc lud ing  Y, 
and t runcated the name to four  characters.  Thus, 
the name DILLINGER was recoded as DLNG. 

Nicknames such as DICK, BILL, BECKY were 
converted and had t h e i r  proper names RICHARD, 
WILLIAM, REBECCA recoded instead,  in order to 
standardize d i f f e r e n t  versions of the names used 
on d i f f e r e n t  source l i s t s .  Also, abbreviated 
versions such as ED, GEO, WM were converted and 
had t h e i r  proper names EDWARD, GEORGE, WILLIAM 
recoded. This was accomplished through a match 
of the f i r s t  name to a "Nickname D i c t i o n a r y . "  

A lphabet ic  name l inkage was then performed on 
the recoded f i l e  to i d e n t i f y  dup l i ca te  records. 
Linkage was attempted w i t h i n  a l im i ted  spec i f i ed  
group of records or "b lock " - -a  5 - d i g i t  ZIP Code 
or ZIP group number. A l l  records were merged and 
sorted on recoded name and address w i t h i n  each 
"b lock . "  The records were then compared in a 
pa i rw ise fashion based on t h e i r  sorted order 
w i t h i n  the l inkage "b lock . "  

Each l inked record was c l a s s i f i e d  as dup l i ca te ,  
possib le dup l i ca te ,  or nondupl icate.  I t  was 
des i rab le  to c l a s s i f y  and e l im ina te  by computer 
as many dup l ica tes  as poss ib le ,  yet  re ta in  names 
which represent separate a g r i c u l t u r e  operat ions.  
Six match var iab les  ( l a s t  name, f i r s t  i n i t i a l ,  
f i r s t  name,  box / s t ree t ,  route number, middle 
i n i t i a l )  were used to c l a s s i f y  the name records. 
Last name (LN) and f i r s t  i n i t i a l  (FI)  were 
required matches before f u r t h e r  comparisons were 
made on the remaining var iab les .  The comparisons 
were made on a l l  combinations of var iab les  and 
c l a s s i f i c a t i o n  was based upon the presence and 
extent  of agreement between the match var iab les .  
A l l  pa i rwise comparisons were made fo r  ad jo in ing  
records wi th  the same LN and F I ,  such that  the 
maximum number of comparisons was nC r where r = 2 
and n = the number of records having the same LN 
and FI.  

Certa in combinations of var iab les were 
given greater  importance in determining the 
c l a s s i f i c a t i o n  on the basis of the uniqueness of 
the combinations. The c l a s s i f i c a t i o n  of each 
combination was determined p r imar i ] y  on va l ida -  
t i on  checks of sampled l inked records throughout 
the processing operat ion and from previous cen- 
suses. Based on the importance given each 
possib le combination, a set of numerical weights 
was developed by an independent group in order to 
t es t  the consistency of the match c l a s s i f i c a t i o n  
of each combination. The resu l t  of the analys is  
demonstrated tha t ,  wi th minor except ions,  the 
match c l a s s i f i c a t i o n s  of each combination are 
cons is tent  based on the under ly ing combination 
importance assumptions. 

When each match var iab le  was compared, one of 
three data c l a s s i f i c a t i o n s  resu l ted:  

= & > 0 The match key is equal in the 
comparison set and not blank. 
(Data not c o n f l i c t i n g . )  

& > 0 The match key is not equal in the 
comparison set and not blank. 
( C o n f l i c t i n g  data. )  

= 0  The match key may be blank in both 
records in the comparison set,  or 
may be present in one record but 
not in the other.  (Data cannot be 
compared. ) 

Dupl icate records matched on both f i r s t  and 
l as t  names as well  as address in fo rmat ion .  
However, i f  one of the records in the set had Jr .  
or Sr. attached to the name, the match status was 
changed to possible dup l i ca te  and displayed fo r  
c l e r i c a l  reso lu t i on .  But, i f  the two records had 
c o n f l i c t i n g  J r .  or Sr. names, these records be- 
came nondupl icates.  Possible dup l i ca te  records 
matched on the f i r s t  and las t  name, but address 
in format ion was not present or did not match. 
Records wi th the f i r s t  i n i t i a l  only tha t  matched 
on the las t  name and address also were included 
in the possib le dup l i ca te  group. Nonduplicate 
records did not match on las t  name recode. 
Records wi th the same las t  name recode but wi th 
d i f f e r e n t  f i r s t  i n i t i a l s  also were included in 
t h i s  group. In most instances, records where the 
middle i n i t i a l  did not match were included in 
t h i s  group. 

Example I" C lass i f i ed  as a dup l ica te  for  de le t ion  
by computer 

Record 1" Record 2" 

John A Doe 
Box 123 
Su i t l and ,  MD 20233 

John A Doe 
Rt 4 Box 123 
Su i t land ,  MD 20233 

Combination #8 
FN = & > O  
Box = & > 0 

RR = 0 
MI = & > O  
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Example 2: C lass i f i ed  as a possib le dup l i ca te  fo r  
c l e r i c a l  review 

Record 1: Record 2: 

A B Smith Jr  
Rt 2 Box 34 
H y a t t s v i l l e ,  MD 20784 

A B Smith 
Rt 2 Box 34 
H y a t t s v i l l e ,  MD 20784 

Combination #29 
FN = 0 Box = & > 0 
FI = & > 0 RR = & > 0 

M I = & > O  

Example 3: C lass i f i ed  as a possib le dup l i ca te  fo r  
c l e r i c a l  review 

Record 1: Record 2: 

John A Smith 
Route 2 
Goose Lake, IA 52750 

J A Smith 
Rt I 
Goose Lake, IA 52750 

Combination #50 
FN = 0 Box = 0 
FI = & > 0 RR ~ & > 0 

M I = & > O  

Example 4: C lass i f i ed  as a nondupl icate 

Record 1: Record 2: 

John A Smith 
RR i 
Goose Lake, IA 52750 

John B Smith 
RR 1 
Goose Lake, IA 52750 

Combination #21 
FN = & > 0 RR = & > 0 
Box = 0 MI # & > 0 

When the recoded name records were l inked and 
c l a s s i f i e d  as dup l i ca tes ,  data were t rans fe r red  
from lowest p r i o r i t y  address to highest p r i o r i t y  
address before de le t i on .  When a possib le dup l i -  
cate was i d e n t i f i e d ,  no data were t rans fe r red  and 
the data sets were displayed fo r  c l e r i c a l  
r eso lu t i on .  The c lerks compared the l inked 
pa i rs ,  determined match s ta tus ,  and when records 
matched, determined which record(s)  to delete as 
described in EIN/SSN l inkage.  Linked records 
c l a s s i f i e d  as nondupl icates received no act ion 
and were reta ined as separate records in the 
f i l e .  

A f t e r  completion of the EIN/SSN and a lphabet ic  
name l inkages,  an add i t iona l  l inkage process was 
performed using h i s t o r i c a l  in fo rmat ion .  This was 
an add i t iona l  c l e r i c a l  review which included 
mu l t i p le  record sets i d e n t i f i e d  in the previous 
census of a g r i c u l t u r e  and t h e i r  associated 
l inkages from the EIN/SSN and the a lphabet ic  name 
l inkage processing. The records in these sets 
usua l ly  contained no common names. The 
add i t i ona l  l inkage process enabled these records 
to be sorted together  fo r  review. Sets inc lud ing  
a par tnersh ip  or corporate record were displayed 
and considered fo r  i nc lus ion  in the Farm and 
Ranch I d e n t i f i c a t i o n  Survey fo r  i d e n t i f i c a t i o n  of 
dup l i ca t i on  by respondents. 

4.3 Farm and Ranch Ident i f i ca t ion  Survey 
Completion of the f i r s t  phase of record l inkage 

resu l ted in a f i l e  of approximately 7.3 m i l l i o n  

records, inc lud ing  some nonfarm source records. 
Each record was c l a s s i f i e d  in to  one of three 
groups based p r ima r i l y  on source or combination 
of sources: 

(1) Probable Nonfarm (2.3 mi 1 l ion) - -Nonfarm 
records from the previous census which 
f a i l e d  to match any other record or matched 
to  c e r t a i n s i n g l e  sources only.  

(2) Probable Farm (1.9 m i l l i o n ) - - M u l t i p l e - s o u r c e  
records usual ly  inc lud ing  a match to a 1978 
census farm. 

(3) Farm Status Questionable (3.1 m i l l i o n )  
--Nonfarm records matching to other sources, 
records not matching a 1978 census farm, and 
ce r ta in  s ing le-source records. 

The "Probable Nonfarm" group was deleted,  
r e s u l t i n g  in a p re l im inary  mail f i l e  of 
4,969,809 records. Of t h i s  t o t a l ,  3.1 m i l l i o n  
records wi th source and size code (most l i k e l y  to 
represent nonfarlns) were selected fo r  inc lus ion  
in the 1982 Farm and Ranch I d e n t i f i c a t i o n  Survey. 
Approximately 50,000 or 2 percent of the mail 
l i s t  were included to resolve po ten t ia l  dup l i ca -  
t i on  between i nd i v idua l  name records l inked to 
possib le farm associated businesses. These cases 
were mai led a shor t ,  one-page repor t  form 
des i gned to determi ne whether an operator  
q u a l i f i e d  as a farm and, i f  so, the approximate 
value of i t s  sales. Respondents also were asked 
to provide the names and addresses of any tenants 
or succeeding operators.  During survey 
processing, these names were searched on the 
p re l im inary  mail f i l e  and, i f  not matched, were 
added as another source l i s t  in the second phase 
of record l inkage.  

The survey was mailed in ear ly  March 1982 and 
included a ser ies of fo l low-up mai l ings to 
nonrespondents over the next several months. The 
in format ion  obtained from th i s  survey was used to 
update the addresses in the pre l im inary  mail f i l e  
and provide in format ion on farm and nonfarm 
status in preparat ion fo r  development of the 
census mail l i s t .  This survey y ie lded  2.5 m i l l i o n  
rece ip ts - - response rate of 82.9 percent .  The 
rece ip ts  i d e n t i f i e d  1.2 m i l l i o n  nonfarms and 
816,000 farms. Records resu l t i ng  from the tenant 
and successor search to ta led  38,840. 

4,4 Final Processing and Results 
The record l inkage system fo r  the main census 

l i s t  phase was s im i l a r  to the one used fo r  the 
farm and ranch survey phase. Several new source 
f i l e s  cons is t ing  of 3.2 m i l l i o n  names were added. 
These source f i l e s  included the IRS f i l e s  fo r  tax 
year 1981 (1040 F and C f i l e r s ,  1065 par tnersh ip  
f i l e ,  1120 corpora t ion  f i l e ,  and 941 and/or 943 
farm employer f i l e ) ,  tenant and successor adds 
from the farm and ranch survey, and some addi-  
t i ona l  special l i s t s .  These new source records 
and the records from the farm and ranch phase 
were processed through the same record l inkage 
system wi th  some mod i f i ca t ions .  The 3.2 m i l l i o n  
new source records produced 413,000 add i t i ona l  
addresses a f t e r  the l inkage process. A f te r  
completion of a l l  phases of l inkage,  the f i na l  
mail f i l e  of 3.6 m i l l i o n  records resu l ted .  

580 



5. EFFECTIVENESS OF THE LINKAGE SYSTEM ACKNOWLEDGEMENTS 

The object ive of the record l inkage process is 
to develop a mail l i s t  in a cos t -e f fec t i ve  
manner from mul t ip le  sources that cover the 
universe of ag r i cu l tu ra l  operat ions. The meth- 
odology used in the process is e f fec t i ve  in 
reducing the cost of the census data co l lec t ion  
operation to the extent that  i t  succeeds in 
i den t i f y i ng  and e l iminat ing dupl icate farm 
operations and nonfarm records from the l i s t .  
Census coverage suf fers though i f  qua l i f y ing  
operations are el iminated at the mail l i s t  
development stage. The l i s t  development process 
needs to balance these concerns as well as 
have a r e l a t i v e l y  low cost due to the large 
volume of records. 

An estimate of about 150,000 dupl icate records 
remaining on the f ina l  census mail l i s t  was 
developed from counts of dupl icates i den t i f i ed  by 
respondents and in census processing. This 
number is approximately 4 percent of the 1982 
ma.il l i s t  and compares with about I I  percent 
of such dupl icates on the 1978 mail l i s t .  When 
census processing is completed, a more accurate 
estimate of mail l i s t  dup l icat ion w i l l  be made. 

Using nonfarm records from the 1978 census in 
the record l inkage operation was e f fec t i ve  in 
e l iminat ing records not qua l i f y ing  as farms. 
This technique made i t  possible to s i g n i f i c a n t l y  
reduce the final size of the mail l i s t  without 
risking a significant loss in census coverage. 
The 3.6 mill ion mail l i s t  records for 1982 com- 
pared with 4.4 mill ion in 1978, a reduction of 
almost 20 percent. An evaluation of the coverage 
of the 1982 mail l i s t  is presented in Coverage 
Evaluation for the 1982 Census of Agriculture[4]. 
This evaluation estimates some types of error 
from the record linkage process as well as from 
other sources. 

The authors wish to acknowledge the assistance 
of Margaret Bruce, Eileen Gray, and Kathleen 
Campbell for  t he i r  invaluable manuscript word 
processing, and a number of colleagues for t he i r  
construct ive comments. 
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