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INTRODUCTION 

Informat ion about cur ren t  and future supplies of 
agr icul tura l  commodi t ies  is needed by fa rmers ,  
ranchers ,  and agri-business ' f i rms  for market ing ,  
planning, and decision making. This informat ion is also 
necessary  for policy decisions concerning government  
programs a f fec t ing  the agr icul tura l  economy in specific 
ways and the U. S. and global economies  in more 
general  ways. To m e e t  these needs the Sta t i s t ica l  
Repor t ing  Service of the U.S. Depa r tmen t  of 
Agricul ture  (SRS) publishes about 300 national  and 
9,000 s ta te  reports  each year .  These reports  cover  a 
broad range of agr icul ture  including about 120 crops 
and 45 l ivestock i tems (23). 

Agr icul ture  in the U. S. is a business tha t  consists of 2.4 
million farms that  show t remendous  diversi ty in size as 
well as the types of products produced. This diversi ty 
has many implicat ions about the sampling methodology 
necessary  for an e f f ic ien t  survey program. 

Fa rms  vary widely in size as measured  by total  value of 
production.  One third of the farms account  for over 90 
percent  of the total  value of production.  (A farm is a 
place producing $1,000 or more of agr icul tura l  
products).  One percen t  of the farms account  for a third 
of the total  sales. On the other hand, the farms differ  
considerably in what  is produced. Only l0 percen t  of 
the farms account  for th ree - four ths  of the corn acres .  
Less than three  percent  of the farms produce crops 
such as peanuts,  cot ton,  or rice.  

There fore ,  agr icul ture  can be cha rac te r i zed  as a 
population tha t  first  varies t remendously  in size with a 
large number  of small operat ions  and a small number of 
ex t r eme ly  large operat ions.  Second, the overal l  
population of farms consists of many subgroups tha t  
really cons t i tu te  rare i tems when considered in a 
sampling sense. This diversi ty in size and the need to 
sample and survey for rare i tems has led to the 
development  and use of mult iple f rame sampling 
procedures  relying upon area  and list sampling f rames .  

The area and list salnpling frames each have strengths 
and weaknesses as they relate to the characteristics of 
the U.S. farm population. This paper details some of 
these strengths and weaknesses, outlines current and 
proposed research directions and discusses policy issues 
regarding agricultural sampling frames. 

AREA FRAME MERITS 

The a rea  f rame is comple te  in the sense that  all fa rms  
and land have a known probability of select ion.  The 
f rame is sui table for general  purpose type surveys tha t  
cover a wide spectrum of crop and l ivestock i tems.  It 
can also be used for economic type surveys where the 
report ing unit is e i ther  a farm headquar te rs  or a farm 
household. Although the initial inves tment  in 
developing the f rame can be considerable,  the life span 
of an a rea  f rame can be long, which is beneficial  for 
longitudinal type surveys. 

A weakness of the area sampling frame is that is is 
ineff ic ient for commodities represented by extremely 
large farms or commodities that are rare in that they 
are only produced on a few farms. 

Some i tems such as ca t t l e ,  which are produced on a 
large proport ion of the farms,  are  also cha rac t e r i zed  by 
t remendous  variabil i ty by size of operat ion.  For 
example ,  five percent  of the farms account  for two- 
thirds of the total  c a t t l e  inventory.  There fore ,  the 
main concern when designing a sample for i tems such as 
ca t t l e  is to ,reduce the variabil i ty caused by the 
ex t r eme ly  large operat ions.  

Rice is typical  of an item tha t  is produced on farms 
showing less variabi l i ty  in size.  However ,  only .5 
percent  of the farms produce rice. This means tha t  a 
general  purpose sample of a rea  f rame segments  would 
only yield about one in 200 farms actual ly  report ing 
rice unless some crop specific s t ra t i f i ca t ion  was 
employed.  In e i ther  case,  the main source of sampling 
variabil i ty is caused by the rar i ty  of the i tem which 
inf la tes  the sampling variance.  

LIST FRAME MERITS 

For these reasons, SRS has also relied upon the use of 
l ist frames to supplement the area frame in its survey 
program. 

Lists of farm opera tors  have been used in the 
Agricul tura l  S ta t i s t ics  program almost  from its 
inception.  In 1882 pa r t - t ime  s ta t i s t ic ians  were 
appointed to develop and maintain groups of voluntary  
crop repor te r s  to provide cur ren t  informat ion about  
agr icu l ture .  In 1892, 125,000 farm opera tors  were 
furnishing survey data  for annual e s t ima tes .  The 
genera l ized  s t ruc ture  of agr icu l ture  through the middle 
of the 20th century  al lowed the Depa r tmen t  to rely 
upon general  purpose lists for its e s t imat ing  program.  
By the early 1960's however ,  agr icul ture  was becoming 
more special ized and a number of e x t r e m e l y  large 
opera t ions  began emerging.  

At the same t ime,  SRS began shifting its survey 
program away from the general  purpose non-probabil i ty  
surveys to the area  f rame probability survey. As 
ment ioned above, the emergence  of large fa rms  and the 
increasing special izat ion of agr icul ture  led the Agency 
in a search for procedures  to supplement  the area  
f rame.  Research  by Har t ley  (17) led to the 
implementa t ion  of multiple f rame sampling which 
called for the joint use of both area and list sa~nple 
f rames.  

The main s t rength  of a list f rame depends upon how it 
is cons t ruc ted ,  but should include: 

(a) i t  should either be complete for the item being 
estimated, or be nearly complete for the size or 
type of farms to be represented by the list frame 
in a multiple frame survey. 
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(b) Measures of size should be available for each 
item of interest to indicate its presence and the 
re la t ive  size for e f f ic ien t  survey design 
purposes. 

Because of the dynamic nature of agriculture, the task 
of compiling a comple te  list is cost  prohibit ive.  
There fo re ,  the main s t rength  of a list f rame is to 
supplement  the a rea  f rame 's  w e a k n e s s e s -  tha t  is for 
rare  i t ems  and for i tems with ex t r eme  variabi l i ty .  

AREA FRAME OVERVIEW 

Two aspec ts  of a rea  f rame sampling in agr icul ture  are  
now discussed. They are:  

1) deve lopments  in the const ruct ion and sample 
des ign  since development  of the mas te r  sample 
of agr icu l ture  (20), and 

2) prospects for improving the construction and 
maintenance of area sampling frames in the 
future  (11). 

Since 1967 SRS has been using area  f rame sampling in 
all 48 conterminous  s ta tes  in a system of surveys for 
obtaining informat ion on crop acreage ,  l ivestock 
numbers,  grain production and stocks, costs  of 
production 9 farm expendi tures  and other agr icul tura l  
i tems and as a basis for subsampling for crop yield and 
other  special i ty  surveys (23). Changes in the area  
f rame design were slowly adopted over the 35 year  
period from 19¢0 to 1975. These changes represen ted  a 
switch from the mas te r  sample concept  to a f rame 
which uti l ized land-use s t ra t i f ica t ion .  The mas te r  
sample f rames  were cons t ruc ted  on county highway 
maps with minor civil divisions and sample units 
del ineated on these maps. Each sample unit conta ined 
about  four farms while crop repor t ing dis tr ic ts  within 
each s ta te  were used to provide geographic 
s t ra t i f i ca t ion .  The changes included a refined 
s t ra t i f i ca t ion  process and the introduct ion of repl ica ted  
sampling. Until the mid-sevent ies ,  the area  f rame 
cons t ruc t ion  and main tenance  process can be 
c h a r a c t e r i z e d  as being essent ia l ly  the same paper and 
pencil operat ion,  using the same types of mater ia ls ,  as 
used for the mas te r  sample of agr icu l ture .  Af te r  1975, 
the impact  of new technologies  a f f ec t ed  the a rea  f rame 
const ruct ion  process.  The compute r  was incorpora ted  
at  several  places in the process,  from measur ing the 
land area  of the f rame and select ing the sample to 
providing quality control  for the const ruct ion  process 
(9)(10). Table l summar izes  the significant  
chronological  events  in a rea  f rame sampling 
for agr icul ture .  Notice that  while the changes made in 
the sixties and early sevent ies  are  primarily re la ted  to 
sainpling methods,  such as the new s t ra t i f i ca t ion  by 
land use and the introduct ion of i n t e rpene t r a t ing  
sampling, the changes tha t  began in the mid-sevent ies  
represen t  the applicat ion of new technology to a rea  
f rame const ruct ion ,  as exhibited by the uses of the 
compute r  and the avai labi l i ty  of sa te l l i te  imagery.  

In 1978, SRS replaced the last master sample frame 
with frames strat i f ied according to land use (18). For 
comparative purposes some of the characterist ics of 
the master sample frame and the current SRS area 
frames are given in Table 2. 

There was about a sixty percent drop in the total 
number of U.S. farms between 1905 and 198¢. The new 

T A B L E  1 - -  Signif icant  even ts  in a rea  f r ame  
cons t ruc t ion  

YEAR EVENT 

1938 

195¢ 

1962 

1967 

1973 

1976 

1978 

1979 

1980 

Iowa S ta te  Universi ty (ISU) begins const ruct ion  
of a rea  f rames  for the mas te r  sample of 
agr icul ture  

The Sta t i s t ica l  Repor t ing  Service (SRS) begins 
invest igat ing the use of a rea  f rame sampling 

Land-use  s t ra t i f i ca t ion  is introduced in 
SRS area  f rames  

Al l  ¢8 conterminous states have area frames 

In t e rpene t r a t ing  sample designs introduced 

Computer  select ion of a rea  f rame samples 

The last s ta te  having a mas te r  sam pie is 
replaced by a f rame having land-use 
s t ra t i f ica t ion  

ISU discontinues area  f rame const ruct ion 

Digit ized a rea  f rame files c r ea t ed  for each new 
f rame (Manual p lanimeter ing  discontinued) 

Sate l l i te  imagery used in s t ra t i f i ca t ion  

Crop-speci f ic  s t ra t i f i ca t ion  introduced 

Initial development  of the Area  F rame  Analysis 
Package 

Area f rame development  for remote ly  sensed 
sampling in foreign countr ies  begins 

Minicomputer  used for quality control  of a rea  
f rame const ruct ion  procedures  

1981 Area frame data base developed 

1982 Use of National High Al t i tude 
Photography ini t iated 

1984 

Aerial  

Automated area frame management system 
developed 

frame dif fers in that the number of sample segments 
has decreased by over seventy-f ive percent and resident 
farm operators have decreased by about n inety- f ive 
percent. 

The land-use f rames  are cons t ruc ted  on mosaics of 
aerial photographs and then transferred to county 
highway maps in order to accurately measure land 
areas. Table 3 shows the f low of the construction 
process and denotes the new use of computer 
intervent ion in this process. In general, the urban and 
rural  places s t r a ta  of the mas te r  sample are still being 
used by SRS in its land-use f rames .  However ,  the Open 
Country s t ra tum has been fur ther  subdivided to obtain 
improved sampling eff ic iency.  To begin land-use 
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Table  2 -  The mas t e r  sample  and land u s e  a r e a  I r a m e s  (19t~5 compared  to 1984) 

F rame  cha rac t e r i s t i c  Master sample Land use area  f r ame  

US Number of farms 6 million 2.3 million 

Sample Size 67,000 segments  16,000 segments  

Resident  Farm Opera to rs  300,000 16,000 
in Sam pie 

Measure of Size 

S t ra t i f i ca t ion  

Indicated Number Area of sample 
of Fa rms  unit (segment) 

By Crop Repor t ing  
District= 
Urban Places  
Rural Places  
Open Country 

Land Use 
Poten t ia l  Urban 
Crop Specific 

Table 3 -- Area frame construction: An increasingly automated process. 

Proce ss Descript ion 

S t ra t i f i ca t ion  A manual process of del ineat ing homogeneous blocks of land, or pr imary 
sampling units (psu's), on aer ial  photographs and county highway maps 

Digit izat ion The area of the psu's is measured through use of a microcomputer and 
digit izing tablet. 

County Level  Edits Data  t r ans fe r red  to a min icomputer  to perform consis tency checks a t  the 
county level 

Digital  Area F rame  
Final ized 

Main-frame computer  used to: 
a. edit  a t  county and s ta te  level  
b. obtain measures  of size for pps f i r s t - s tage  sample select ion 
c. se lec t  first  s tage units 
d. archive the area  f rame 

Second-Stage  Select ion A manual process of defining u l t imate  sample units (segments)  on aer ial  
of Segments  photography 

s t ra t i f i ca t ion ,  blocks of similar a reas  of land are  
ident i fed within each county (counties are used as a 
tool to manage the work flow of the a rea  f rame 
cons t ruc t ion  p r o c e s s ) a n d  classified into one of the 
following s t ra ta :  1) intensely cul t ivated a reas  where a 
s ignif icant  portion of the land is under cul t ivat ion,  2) 
ex tens ive ly  cul t iva ted  a reas  used primarily for grazing 
and producing l ivestock,  3 ) a g r i - u r b a n  areas  around 
ci t ies ,  4) urban areas ,  and .5) nonagricul tural  land such 
as parks and mil i tary reservat ions .  Of course,  each of 
the above s t ra ta  can be fur ther  subdivided to take 
advan tage  of geographic d i f ferences  or agr icul tura l  
specia l iza t ion that  may exist  within a par t icular  s ta te .  
Table 4 i l lus t ra tes  the s t ra ta  that  are cur ren t ly  being 
used in Idaho. 

Af ter  s t ra t i f i ca t ion  the primary sampling units are 
defined on the photo mosaics.  The average  size of a 
psu varies by s t ra tum.  For agr icul tura l  s t ra ta ,  a psu 
contains an average  of 8 sampling units or segments .  
During the const ruct ion of the primary sampling units, 
the main emphasis  is to del ineate  units that  can be 
fur ther  subdivided into h o m o g e n e o u s  segments  using 

observable boundaries that can be easily found by an 
enumerator during data collection. The area of the 
primary sampling units is obtained by digit izing the 
county highway maps. A stat ist ical package computer 
program is then used to plot each county to ensure that 
each psu has been digitized and assigned to its proper 
stratum. Af ter  a state is completely digitized, a 
sample of f i rst stage units is selected. Each selected 
psu is then further subdivided on the photo mosaic into 
segments and one segment is selected at random. 
Except for unusally large segments in rangeland areas, 
or for some segments in large cities, photo 
enlargements are provided for enumeration. 

The following section gives a more detai led discussion 
of the developments  in area  f rame cons t ruc t ion  and 
sampling since the Master  Sample.  The last  sect ion 
outl ines the prospects  for these processes  in the fu ture .  

AREA FRAME DEVELOPMENTS 

Area frame construction is a major undertaking which 
must be considered as a long-term investment. The 
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Table t t - -  Stratum Def in i t ions for an area sample frame, Idaho. 

STRATUM DEFINITION 

15 

20 

22 

25 

31 

32 

33 

40 

50 

62 

Dryland Grains--small  grains, primarily wheat  and barley, 33 percent  or more cul t iva ted .  This 
s t ra tum will be found primarily s ta r t ing  in Idaho county and Northward and in the Southeastern 
count ies  of Fremont ,  Madison, Teton,  Bonneville, Caribou, Bannock, Powers,  Cassia, Oneida, Franklin 
and Bear Lake. 

General  Crops--50 percent  or more cul t iva ted  land outside the Snake River Basin tha t  is not dryland 
grain. Majority of cul t ivat ion expec ted  to be i r r igated small grains. 

General  Crops--50 percent  or more cul t iva ted  along the Snake River, all  i r r igated,  intensively 
cu l t iva ted  land in Canyon, Ada, Owyhee, Elmore,  Gooding, Twin Falls, Lincoln, 3erome, Mindoka, 
Cassia,  Power,  Bannock, Caribou, Bingham, Bonneville, Tenton, Madison, 3efferson,  Fremont ,  Clark, 
and But tee  should be in this s t ra tum.  This s t ratum should contain pract ica l ly  all of the pota toes  and 
sugar bee ts. 

NOTE; A county might  have s t ra ta  10 and 13 or l0 and 15. It is not possible to have 13 and 15 in same 
county.  

General  Crops--15 to 49 percent  cul t iva ted .  Includes extensively cul t ivated  land outside the Snake 
River areas  tha t  is not in dryland grains. 

Dryland Grains--15 to 33 percent  cul t iva ted .  Extensively cul t ivated land used in conjunction with 
s t ratum 10. (Maybe collapsed with s t ra tum 20 if a rea  insufficient  in size to justify a separa te  
stra turn.) 

General Crops--15 to 49 percent  cul t iva ted  used in conjuction with s t ra tum 15. 

Agri-urban--More than 20 dwellings per square mile, residential  mixed with agr icul tural .  

Resident ial  Commerc ia l - -More  than 20 dwellings per square mile, no agr icul ture  present.  

Resor t - -More  than 20 dwellings per square mile. May be collapsed with s t ratum 31 if size of land 
area  insufficient  to justify a separa te  s t ra tum.  

Rangeland and Pas ture- -Less  than 15 percent  cul t ivated .  Includes both public and private range. 
Woodland and forest  would also be included. 

Nonagricul tural  Land--Land not used for agr icul tura l  purposes and usually documented  by law or 
other regulat ion.  This s t ratum included such land uses as airports ,  wildlife refuges, mil i tary 
instal lat ions,  National  and Sta te  parks and so forth.  

Water Bodies--I square mile or larger  

ef f ic iency of the frame over t ime will be a direct  result  
of the frame construct ion procedures and the sample 
design chosen. Recognizing the importance of these 
decisions, SRS has maintained an ongoing research 
e f fo r t  to improve area  frame sampling. This section 
will outline the major changes to the SRS area frame 
made s ince the master  sample was used. 

Through the past few decades,  research and operat ional  
exper ience have resulted in an evolution of a rea  frame 
construct ion.  The research in area f rame sampling has 
been directed toward the search for cost  saving 
techniques and methods which will improve the 
eff ic iency of the es t imators .  

S t ra  ti fica tion 

One of the f i rst  major changes to the master sample 
concepts was st rat i f icat ion by land-use. Start ing in the 
early 1960's, master sample area frames were replaced 
on a state-by-state basis by area frames which 
incorporated land use st rat i f icat ion.  Generally, six 

land-use s t ra ta  based on the amount  of land cul t ivated  
were used. These general  s t ra ta  were intensive 
agr icul ture ,  extensive agr icul ture ,  c i t ies  and towns, 
range, nonagricul ture,  and water .  As experience was 
gained, some of these s t ra ta  definitions were further  
subdivided to c rea te  s t ra ta  which would solve specific 
enumerat ion problems such as too many agr icul ture  
t rac t s  in a segment  or overly dense residential  
de velopment  (2). 

By 1978, all s ta tes  had area f rames with a form of land- 
use s t ra t i f ica t ion .  These f rames continue to be updated 
at  the rate of 2 or 3 per year.  The area f rames do not 
become ou t -o f -da te  in terms of population coverage,  
but tile eff ic iency does de te r io ra te  over time. Land 
subdivision results in increased enumerat ion problems, 
boundary changes present a potent ial  bias and the land- 
use within s t ra ta  changes. Experience has shown tha t  
each s ta te  has a unique set  of enumerat ion problems, 
mater ia ls  avai lable for frame construct ion,  and 
es t imat ion requirements  and priorities.  Based on this 
experience,  the thrust  of research since 1979 has been 
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toward the development  of a t imely, yet  thorough, 
analysis of the requirements  and best methods to use 
for each s ta te  which will have a new frame cons t ruc ted  
(10). The main outgrowth of this e f for t  has been the 
use of crop-specif ic  s t ra t i f ica t ion  in s ta tes  which have 
concent ra t ions  of impor tant  crops which can be 
identif ied with the available mater ia ls .  Examples of 
crop-specif ic  s t ra ta  include fruits and vegetables  in 
California (new frame in 1979), dryland grains in 
Washington and Oregon (1980) and Idaho 0982) and rice, 
cot ton,  wheat  and peanuts in Texas 0982). 

Because the SRS area frame is used to co l lect  mul t ip le  
data i tems, there has been much debate over what is 
the most e f fec t i ve  use of s t ra t i f i ca t ion  (2)(8)(9)(16)(19). 
Strat i f ica ' t ion for more than a few specif ic c-or~mo~iti'-es 
is d i f f i cu l t  and as a result of the chosen sample 
a l locat ion could reduce the e f f ic iency for other 
commodit ies.  Recent experiences with crop specif ic 
s t ra t i f i ca t ion  have exhibi ted desirable results. Creat ing 
certain crop specif ic strata results in more e f f i c ien t  
est imat ion of the specif ied crop while other crops are 
less of a rare i tem in the remaining general strata and 
thus more precisely est imated. 

Replica ted Sampling 

Frames  cons t ruc ted  since 197t~ are sampled using a 
repl icated design (20). Repl ica ted  sampling is 
cha rac te r i zed  by the select ion of several  independent  
samples from the frame.  It was ini t ia ted to fac i l i t a t e  
the rotat ion of sampling units in order to l imit 
individual respondent burden. Other advantages  of 
repl icated sampling include the use of subsets of the 
repl ica tes  for special sampling purposes such as one- 
t ime surveys or nonsampling error studies and the ease 
of variance computa t ion  (useful especial ly in 
underdeveloped nations and for special surveys). 

Repl ica ted  sam pling~ as done by SRS, ut i l izes a form of 
subs t ra t i f ica t ion  called "paper s t ra t i f ica t ion"  which 
essent ial ly is a geographic subst ra t i f ica t ion of each 
s ta te  (14_). The first step in paper s t ra t i f ica t ion  is to 
determine a meaningful ordering of the psu's in each 
s t ra tum.  To determine this ordering, a cluster  analysis 
of the agr icul tura l  e s t imates  for each county is 
examined to de t e rmine  "similar" agr icul tura l  areas.  
The result  of this analysis is an ordering of the counties 
such that ,  to the ex ten t  possible, similar counties  are  in 
sequence through the ordering. Since all psu's are 
identif ied by county,  the frame can be sorted to 
arrange psu's in this county order in each s tratuln.  
Once ordered, the s t ratum is divided into several  pieces 
(paper s t ra ta)  each with an equal number of sampling 
units, except  the last  piece when the stratu~n size is not 
exact ly  divisable by the number of paper s t ra ta .  S t ra ta  
with few sampling units usually have 2 or 3 paper 
s t ra ta ,  while large s t ra ta  may have from 10 to 20 paper 
s t ra ta .  

A rep l ica te  in the SRS design is defined as a simple 
random sample of one sampling unit (segment) from 
each paper s t ra tum in a land-use s t ra tum.  The paper 
s t ra ta  thus serve much the same purpose as sys temat ic  
sam piing in dispersing the sam pie throughout  the 
population, but in essence they are a form of 
commodity specific s t ra t i f i ca t ion  which contr ibutes  to 
the eff ic iency of the es t imates .  

Materials  

An impor tant  problem in SRS area  frame const ruct ion  
has been the age of frame construct ion mater ia ls .  The 
technological  advances in agr icul ture ,  especial ly in 
irr igation,  over the past 20 years have vastly expanded 
the cul t iva ted  areas.  Cropland expansion and urban 
development  wreak havoc on the eff ic iency of the land- 
use s t ra t i f ica t ion  and c rea te  problems for enumera tors  
when the photography is old. Eventual ly,  enough gain in 
eff ic iency can be real ized from res t ra t i f i ca t ion  to 
justify the cost of new frame construct ion.  In order to 
get  the most  gain from a new frame,  current  mater ia ls  
are essential .  Prior to 19799 s t ra t i f i ca t ion  was done 
using Agricultural  Stabi l izat ion and Conservat ion 
Service (ASCS) photo mosaics. These mater ia l s  were 
often 20 years old in some areas  and rarely less than 3 
years old. Also, in some areas  no coverage  was 
avai lable and United States  Geological  Survey (USGS) 
topographic maps had to be used. To overcome some of 
these problems by providing more recent  data  for frame 
s t ra t i f ica t ion ,  Landsat  sa te l l i te  imagery was 
incorporated into the s t ra t i f i ca t ion  process in 1979. 

Easily identified segment boundaries are a requirement  
for e f fec t ive  enumerat ion.  Boundary quality received 
an assist with a new program for high a l t i tude color 
infrared photo coverage,  the National  High Alt i tude 
Photography (NHAP) program, done as a coopera t ive  
venture by various government  agencies.  The goal of 
this project ,  which began in 1980, was to have comple te  
coverage  of the cont inenta l  U.S. which is never more 
than three years old. As this mater ia l  becomes 
avai lable  it is being used in the const ruct ion of new 
frames.  

Sam pie Allocation 

Crucial  to the successful use of a new frame is the 
al locat ion of the sample to the s t ra ta .  Research 
continues on methods to a l loca te  the most e f f ic ien t  
sample during the first  year the f rame is used. Recen t  
advances include the development  of es t imators  for the 
optimum allocat ion of a repl ica ted  design, the post- 
s t ra t i f ied  use of prior survey data to measure s t ra tum 
variances in the new frame, and the use of data  
col lect ion times for each strutu~n so that  cost  data is 
incorporated in the al location formulat ion (9). 

u 

Quality Control  

Quality control  of the SRS area  f rame is achieved in 
several ways and the development  of improved controls  
is a continuous effor t .  Prior to 1978, most  quality 
control  was a result  of a post-survey review of the data  
col lec ted  from the sample units. In 19789 quality 
control  procedures for the random select ion of 
secondary sampling units and the frame cons t ruc t ion  
review process were ini t iated.  In 1979, a post-survey 
analysis package was developed which helped point out 
s ta t i s t ica l ly  ineff ic ient  frame construct ion techniques 
as well as construct ion errors (10__). By 1980 a 
minicomputer  system was being used to do quality 
control  on many processes prior to the sample 
selection.  
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Another  Area Frame Design Landsat  

The Sampling Frame  Development  Section worked on a 
coopera t ive  ag reemen t  with NASA to cons t ruc t  area 
f rames for Georgia,  North Carolina,  and portions of 
Argent ina and Brazil (Z)- These f rames were to be used 
for crop area  es t imat ion  using remote sensing methods 
in the AgRISTARS program and are thus considerably 
d i f ferent  from our usual area frames.  During the 
const ruct ion of these frames from 1979 to 1982, SRS 
developed methods and gained considerable exper ience 
using remote  sensing techniques and associated 
computer  applicat ions.  This experience resul ted in the 
applicat ion of the re levant  technology to domestic  area 
frame const ruct ion  and use. 

The use of Landsat  as a source of auxil iary information 
for a l t e rna t ive  sample designs and to improve area  
frame es t ima tes  of special ty  crops is an ac t ive  research 
i tem. Another  AgRISTARS outgrowth was the 
development  of a system of microcomputers  with 
digi t izers  and a minicomputer  to enhance the quality 
control  of the f rame construct ion process and to reduce 
the costs  of both manual and au tomated  processes. 

New Frame Analysis 

Before construction of a new frame begins, a 
considerable amount of information is assembled and 
analyzed to help in the decision on how to achieve 
better estimates for a fixed cost of sampling. This 
information includes obtaining the available Landsat 
imagery, determining the age of the aerial photos to be 
used in strat i f icat ion, evaluating the impact of the 3une 
Enumerative Survey (3ES) estimates on state and 
national precision, reviewing county estimates, 
gathering data on urban development and changes in 
land usage, and analyzing prior years' 3ES data. The 
information is used to determine the type of 
strat i f icat ion which would be most ef f ic ient in the 
particular state. When the strat i f icat ion is complete, 
the prior years' 3ES segments are located on the new 
frame and post-strat i f ied in order to provide a more 
analytical estimate of the stratum variances and a 
better ini t ial  allocation of the sarnple. An area frame 
database is being developed to provide much of this 
information. As each year's data is added to the 
database more information wil l  be available to 
determine which states should have a new frame. 

Af ter  the f i rst  use of the new frame, the 3ES survey 
data is processed through the Area Frame Analysis 
Package ( I I ) .  This analysis package provides graphical 
and statist ical information to allow a detailed analysis 
of the frame construction and the sources of variation. 
Often the analysis uncovers nonsampling errors, 
improved allocations and design or construction 
alternatives which could be useful in future frame 
construction. 

AREA FRAME PROSPECTS 

SRS's revitalized interest in area frame research began 
in 1978. The current research staff  is working on 
several projects which wil l  have both short and long 
range impacts on area frame construction and use. 
Some of the projects wil l  be outlined in this section. 

The mult ispectral data and associated imagery from the 
Landsat satell i te possess the greatest potential for 
improvements in area frame sampling (J)(9)(16). If 
processing costs decline and classification of the 
rnultispectral data into land cover classes improves, 
there are several major changes that could take place. 

The most immediate application of Landsat technology 
which can be developed is in the second stage of 
sampling. Here a psu is divided into a predetermined 
number of sampling units with the constraints of good 
boundaries and keeping the sizes nearly equal. Landsat 
data for the psu could be used to help achieve a division 
which is homogeneous with respect to the various crop 
acreages estimated. This process could reduce a 
substantial portion of the variance of crop acreage 
estimates from area frame surveys (_9). 

Research being done using Landsat  to de tec t  land use 
changes presents several possible uses. Auxiliary data 
e s t ima ted  for the primary and secondary sample units 
can be used in regression es t imators  of crop acreage .  
These es t imators  should be more precise than the di rect  
expansion es t imates ,  but problems in acquiring current  
Landsat  data impact  the t imeliness and cost.  An 
a l t e rna t ive  approach to regression es t imat ion would be 
to use this Landsat  data for s t ra t i f ica t ion .  Timeliness,  
eff ic iency,  and cost may all be improved by using the 
measures of change in auxiliary data for psu's to 
improve s t ra t i f ica t ion  and sample al locat ion.  More 
recent  Landsat  data could be used for post- 
s t ra t i f ica t ion .  In essence this would c rea te  a geo- 
re ference  file which would enhance the eff ic iency of 
multidisciplinary and specialty surveys, and es t imat ion 
of rare i tems and small area es t imat ion.  

Geographic Information System 

With the digit ization of psu's the possibility of 
developing a Geographic Information System (GIS) for 
area frames approaches reali ty. Together with the 
addition of auxil iary information created by the digital 
processing of Landsat information, a GIS wil l  allow the 
area frame to be operationally maintained more like a 
list frame. The registration of psu boundaries to a 
geographic reference system, such as latitude-longitude 
coordinates, can allow for the automatic updating of 
each psu as land use changes, e.g. by the encroachment 
of urbanization or the change of rangeland to irr igated 
cropland, to ref lect this new ancil lary information that 
can be used for restrat i f icat ion. As the psu's are 
updated, the impact of their changes can be evaluated. 
When there is suff icient change to the auxil iary data, 
such that the sample design changes would improve the 
eff ic iency of the estimators, the restrat i f icat ion 
process can be started. 

When this potential for the GIS is realized, a signif icant 
portion of the construction process can be moved from 
the manual to the automated mode. Referring to Table 
3, we see that the entire process up to segment 
selection could be done, almost entirely, by machine. 
Of course, manual intervention wil l  never be 
completely eliminated from this part of the 
construction process, but the time needed wil l  be 
signif icantly reduced. 
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Stra t i f i ca t ion Methods 

A specialty area frame was developed in Michigan to 
est imate dry bean acreage (_8). This frame can be used 
to assess various al ternat ive methods of s t ra t i f ica t ion.  
Included in the possible studies are- the impact  of 
d i f ferent  psu sizes on cost of construct ion, opt imal 
strata definit ions, substrat i f icat ion,  and frame update 
strategies. 

Frame Rota t ion  

Under our old procedures,  the development  of a new 
area frame often results in the under-use of many 
segments .  These segments  were those in the old frame 
which are not in the sample for a full five year rotat ion 
cycle as well as those in the new frame which are 
ro ta ted  out during the first  few years.  For example,  
from 1979-1983, an average  of 1050 old frame segments  
out of about  15,000 sampled nationally were abandoned 
each year,  while during the 1979-1982 surveys an 
average  of about  975 new frame segments took their  
place. Since 80 percent  of each group does not receive 
full ut i l izat ion,  the concept  of ro ta t ing into a new 
frame has the potent ia l  for considerable cost  savings as 
well as other benefi ts .  

"Rotat ing into a new frame" is best described as a 
combined est imator using the replicated design in the 
old and new frame. Considering any direct expansion 
est imate, let 

O i = the est imate from the old frame for year i 

N i = the est imate from the new frame for year i 

then the combined ( ro ta t ion)es t imate  for year i is 

C i =  W i O i  + (I-W i) N i. 

where O i and N i are independent  es t imates  which are 
unbiased to the ex ten t  of the frame being used. W i 
might be chosen as the proportion of remaining 
segments  in the old frame so each year W i would 
decrease  by two- tenths .  Considering tha t  the new 
frame should be more eff ic ient ,  W i might be chosen 
smaller than this rate .  

Other potent ial  benefits from a rotat ion est imator are 
workload reduction in sample selection and workload 
evenness in the data col lect ion ef for ts.  

Finally,  frame updates would be fac i l i t a ted  by a 
rota t ion es t imator .  Whenever improved auxiliary 
information is obtained, a mechanized update can be 
implemented.  If frame errors are found or the first  
year a l locat ion is ineff ic ient ,  remedies can be quick and 
easy through the rep lacement  of only the small, new- 
sample rat'her than a full new-frame sample. 

Recent ly ,  a procedure for re-use of segments which 
were ro ta ted  out of use during the first few years of 
using a new frame was developed. Some of the cost 
savings mentioned above have been captured by this 
new technique.  

In the long run, one can perceive the frame 
const ruct ion task to be a more professionally 
challenging task for both s ta t i s t ic ians  and 
car tographers .  The heavy manual work will be replaced 
with the maintenance of a geographic information 

system, combining the talents of our remote sensing 
research, cartographic training and sampling theory. 

LIST FRAME 

A list f rame for agr icul tura l  purposes is a l is t  of farm 
operators .  A properly cons t ruc ted  list should contain 
names, addresses, and measures of size for necessary 
survey i tems.  In addition, the list should be comple te  
for each item being surveyed and should be free of 
duplication. Since the process of cons t ruc t ing  a list 
f rame initially involves assembling lists from a var ie ty  
of sources, identifying duplication is a major problem. 
The match process of identifying duplication using 
computer  technology is called record linkage. The 
s ta t i s t ica l  decision model used in the linkage process 
relies upon the frequency of occurrence  of names, 
address, and other information.  The underlying theory 
for the model used by the Sta t i s t ica l  Repor t ing Service 
was developed by Fellegi and Sunter (12). By using 
s ta t i s t ica l  decision models and other match procedures,  
a de terminat ion  is made for each record whether  or not 
tha t  record should link with other records. In linkage, 
two probabili ty values (threshold values) are used to 
assign records to one of three groups. 

(a) Non-linked records 

(b) Probable linked records 

(c) Definite  lir~ked records 

The threshold values are used to separate non-linked 
records from def ini te links. Al l  probable l inked records 
are manually reviewed and resolved before sampling 
takes place. The manual resolution is a d i f f i cu l t ,  t ime 
consuming task. Considerably more research is needed 
to de ter mine the appro pria te location of the 
"thresholds" and their impact on the subsequent sample 
design. One al ternat ive would be to allow each 
"probable l ink" to remain in the frame and let its 
probabi l i ty of selection for a given survey be weighted 
by its linkage probabi l i ty.  

The primary advantage  of a list f rame is tha t  if good 
measures of size are avai lable,  s t ra t i f ica t ion  can be 
used to reduce overall  sample sizes. In addition, data  
col lect ion is less costly because data can be co l lec ted  
by mail and telephone.  

A problem with a list f rame re la tes  to the ma t t e r  of 
duplication that  remains in the frame and is not 
de tec ted  until the sample has been se lected.  One 
solution is presented by Gurney and Gonzales (1__55) where 
the number of t imes a given operat ion is duplicated is 
not known. Another method has been developed by Rao 
(2__.22) for the case where the number of t imes an 
operation can be selected from the frame is known. 

In prac t ice ,  an a t t e m p t  is made to determine the 
number of t imes every se lec ted  unit could have been 
sampled. This is done by matching each name in the 
list sa)nple with the remaining names in the list f rame.  
Controls  are also built into the survey quest ionnaire to 
aid in the detect ion of possible duplication. For 
example,  each respondent is asked whether he is known 
by any other name or if any other names are associa ted 
with his operat ion.  

Another  disadvantage of a list f rame is tha t  it is usually 
incomplete  and is constant ly  changing. Not only does 
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the conten t  of the f rame change and names enter  and 
exit  agr icu l ture ,  but the operat ions  show considerable  
change in their  s t ruc ture  and size from year  to year .  It 
has been found tha t  about  20 percent  of the records in a 
list f rame will change from year to year.  Therefore ,  it  
is impor tan t  tha t  savings result ing from sampling and 
col lect ion e f f ic ienc ies  associa ted  with a list f rame 
exceed the f rame main tenance  costs .  

MULTIPLE FRAMES 

The pr imary reason for using mult iple  f rame sampling 
procedures  is to capture  the s t rengths  of the area and 
list f rames .  The list f rame,  while incomple te ,  can be 
e f f i c ien t ly  sampled for rare and variable i tems.  The 
area  f rame is a comple t e  f rame,  but is inef f ic ient  for 
rare i tems and i tems  tha t  are ex t r eme ly  variable in 
size. Therefore ,  when mult iple  f rame sampling is used, 
the area f rame is pr imari ly  used to e s t i m a t e  for the 
incomple teness  of the list f rame.  

Multiple f rame surveys are subject  to all opera t ional  
problems tha t  plague single f rame surveys. By their  
very design, problems unique to ~nultiple f rame surveys 
also occur.  These problems arise from basic 
assumpt ions  involved in a multiple f rame  sample design: 

(a) Every e l emen t  of the survey population must be 
included in at  leas t  one of the f rames .  

(b) I t  must be possible to determine for every 
selected sample uni t  whether or not i t  belongs to 
any other sainple frame. That is, the overlap 
between frames must be determined. 

The l a t t e r  assumption leads to one of the most  cr i t ica l  
aspec ts  of a mult iple  f rame survey. Somet ime  during 
the survey process it is necessary to de te rmine  for 
every  sampled unit whether  or not it could have been 
se lec ted  from another  f rame also being used. The 
avai lable  theory does not tell  how this de te rmina t ion  is 
to be made - it only gives a l t e rna t ive  e s t ima to r s  to use 
once the de te rmina t ion  is made. 

Two i tems need to be defined. The area frame sample 
(the I00 percent frame) must be divided into two 
domains for mul t ip le  f rame est imat ion:  

(a) Nonoverlap Domain - This domain consists of 
populat ion units or farms found via the area 
frame sample that  are not in the l ist  f rame. 

(b) Overlap Domain - This domain contains sample 
units that  are also in the l ist  f rame. These farm 
operat ions in the area frame sample also had a 
chance to be selected from the l ist  f rame. 

An unbiased est imator  for the population of interest  
using the area frame alone is: 

Xarea = ~ N___hh Xh 
h n h 

Where (Nh/nh) is the reciprocal of the probabi l i ty  of 
select ing a sample unit  in the area frame and X h is 
the sample to ta l  in the h th stratum. The area frame 
est imator  can also be wr i t ten  as: 

A A A 
Xarea = Xno I + Xol 

Jk 
Here, Xno I is an est imate of the incompleteness of the 
l ist  f rame or the nonoverlap domain of the area frame. 
Then Xo l  is the area frame est imate of the population 
also represented by the l ist  f rame (overlap domain). 

A mul t ip le  frame est imator  f i rs t  presented by Har t ley  
(I_/7) is: 

X= Xno I +P ol +Q I 

where ~l is an estimate of the overlap domain based on 
the list frame sample and the weights P and Q are such 
that P + Q= I. 

A simpler mul t ip le  frame est imator  is one where P = 0 
and Q = I. Then, no in format ion from the area overlap 
domain is ut i l ized.  However, in ei ther case, i t  is 
necessary to divide the area frame into two domains. 

A d i f f i cu l t  operat ional problem associated wi th 
mul t ip le  frame surveys is the need to divide the area 
frame into two domains. 

I f  costs were no object, one could obtain a map that  
out l ined the land area associated with every name on 
the l ist .  I f  this were overlaid onto the area f rame, only 
land areas not covered by the l ist  would be in the 
nonoverlap domain. 

In pract ice,  i t  must be assumed that  an area of land can 
be represented by a name. Then, in the mul t ip le  frame 
context ,  the overlap of land areas represented by both 
sample frames is ident i f ied by matching names found in 
area segments against the l ist  f rame. 

This is probably the most d i f f i cu l t  fac tor  involved in a 
mul t ip le  f rame survey. Errors in this determinat ion are 
not considered in the est imat ion phase, thus they fal l  
into the area of non-sampling errors. The name 
matching operation can be completed manual ly or by a 
method of record matching as described above. 
Whichever procedure is used requires certain decision 
logic about what is a match and what is a non-match. 

The sampling ef f ic iencies to be gained through mul t ip le  
frame sampling are i l lust rated in Table 5. Especial ly 
note the gains from a l ist  sample of Q50 names of 
potato producers. The area frame sample would have 
to have been increased by a factor  of 9 to achieve the 
same sampling precision provided by the mul t ip le  f rame 
est imate.  The gains in this case are especial ly clear i f  
the size of the area frame sample is adequate for other 
i tems being est imated. 

Several factors need to be evaluated when considering 
the use of mul t ip le  frame sampling. For example, wi th 
agr icu l tura l  surveys i t  is general ly accepted that an 
area frame is necessary to provide complete coverage 
of the populat ion. Therefore, the costs associated wi th 
area frame development can be considered to be f ixed. 
The size of the area frame sample depends upon two 
factors: 

(a) The size needed to adequately est imate for 
i tems for which i t  is reasonably e f fec ien t .  

(b) The size needed to est imate for the 
incompleteness of the l ist  f rame i f  a mul t ip le  
frame design is to be used. 
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Table 5 --Comparison of area and mul t ip le f rame estimates, Idaho 

Survey i tem 
Area  f r a m e  l-/ : Mult iple f r ame  

: CV % : CV % 

Cat t le  inventory : 7.9 : 

Trac ~/t~ : : : 7 , 9  : 

- F a r m -  : 9.4 : 
- Mult iple f r a m e  : 

, , 

Potato acres : • 

- Tract  : 15.0 : 
- Mult iple f r a m e  : 

~ .9  _41 

5.8 5J 

l /  Area  f r a m e  sample  was 362 s e g m e n t s  
2 /  The t r a c t  or c losed e s t i m a t i o n  is based on in fo rma t ion  physical ly  

l oca t ed  within the s e g m e n t ,  
3 /  The fa rm or open e s t i m a t o r  uses da ta  for the en t i re  fa rm if the 

h e a d q u a r t e r s  is loca ted  within the s egmen t ,  
4/ Lis t  sample  = 1,033 n a m e s  
~1 List  s ample  = 450 names  

When mul t ip le  f r a m e  sampl ing  is being cons idered ,  the 
cos ts  of developing and ma in ta in ing  a l ist  f r a m e  need to 
be weighed aga ins t  both of the above  f ac to r s .  

This also c o m p l i c a t e s  the sample  a l loca t ion  to the two 
f r ames .  For  example ,  while supp lemen t ing  the a r ea  
f r a m e  with a l ist  sample  of c a t t l e  producers  improves  
the sampl ing  e r ror ,  it  may  be tha t  the a r ea  f r ame  is 
just  as e f f i c i en t  as the l is t  f r ame  for ce r t a in  types  or 
s izes of l ives tock  opera t ions .  Since the a r e a  f r a m e  is 
deve loped  and a basic  sample  must  be sc reened ,  it  is 
necessa ry  to d e t e r m i n e  the op t imum mix of the a r ea  
and l ist  f r ames .  In some ins tances ,  the a rea  f r a m e  may  
be e f f i c i e n t  for smal l  l ives tock  producers .  In t ha t  case ,  
l is t  deve lopmen t  e f f o r t s  can be d i rec ted  to only 
ma in ta in ing  a l ist  of large ope ra to r s .  The 
d e t e r m i n a t i o n  of the a l loca t ion  to the a rea  and l ist  
f r a m e s  is based on e x p e r i e n c e  from many surveys .  The 
basic  p rocedure  has been to fu r the r  subdivide the a rea  
over lap  domain into s u b d o m a i n s -  each r ep resen t ing  a 
s t r a t u m  in the l ist  f r a m e .  Then var iance  and cos t  
cons ide ra t ions  are  used to de t e rmine  the op t imum 
c u t o f f  for l ist  f r ame  d e v e l o p m e n t  and sampl ing because  
the so cal led  screening  e s t i m a t o r  is used. The 
e s t i m a t o r  as developed by H a r t l e y  rel ies  upon one 
weight  for the en t i re  a r ea  f r ame  over lap  domain .  In 
p r a c t i c e  this weight  is very  smal l .  

A paper by Ful ler and Burmeister (13) provides an 
excel lent  reference for most of the theoret ical  work on 
mult ip le frame est imat ion subsequent to Hart ley 's 
ini t ia l  e f f o r t .  Most of the r e c e n t  work requi res  
knowledge  of the domain sizes.  When an a rea  f r a m e  is 
used, the domain s izes can only be e s t i m a t e d .  

An extension to Hart ley's est imator was provided by 
Bosecker and Ford (I).  They showed that a mult ip le 
frame est imator with d i f fe rent  weights for each 
subdomain in the area overlap domain results in smaller 
variances than a weight for the entire overlap domain. 
They showed that optimum weights attached to the 

area  domains  and l ist  f r ame  s t r a t a  d i f fer  cons ide rab ly  
be tween  s t r a t a .  

Cons iderab le  e f f o r t  is stil l  needed to d e t e r m i n e  the 
app rop r i a t e  e s t i m a t o r  and the a l loca t ion  to sample  
f r ames .  

POLIC Y ISS UES 

Some policy issues re la te  to the cons t ruc t i on  and 
m a i n t e n a n c e  of sample  f r ames .  

F i r s t ,  SRS has built  i ts e s t i m a t i n g  program upon the 
joint  use of a rea  and list f r a m e s  for severa l  reasons .  

( I)  The resources and capabi l i ty  to construct  a 
complete l ist do" not exist. SRS does not have 
access to many administrat ive l ists. The Census 
Bureau does have access to administrat ive lists, 
but has been unable to construct  a complete l ist .  
As reported by Dea e t. al. (_6), the Bureau 
as sembled  19.0 mil l ion names  f rom 
a d m i n i s t r a t i v e  sources  from two d i f f e r e n t  t ax  
years  and from the previous census.  A 
dupl ica t ion  removal  e f f o r t  and a specia l  fa rm 
iden t i f i ca t ion  survey were used to reduce the 
size of the file and to iden t i fy  new ope ra to r s .  
This e f f o r t  resul ted  in a mai l  list of abou t  3.6 
mill ion names .  In spi te  of this,  they still  missed 
about  I5 pe rcen t  of the f a r m s  as d e t e r m i n e d  by 
a cove rage  eva lua t ion  survey.  

(2) The estimates of production generated by the 
Department are based upon the premise that  two 
measures are needed. One measure is that of 
the level or magnitude of production. The other 
measure is the measure of change over t ime. 
Both are equally important  and one cannot be 
slighted for the other. The level of an est imate 
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or the measure of change should not be 
swayed by changes in the completeness of a 
list frame. 

Another policy issue that crops up from time to time is 
"Who should maintain the farm list?" The same 
argument could also apply to the area frame. These 
arguments probably go beyond the scope of a technical 
paper and will not be further pursued. 

(1) 

(2) 

(3) 

(~) 

(5) 

(6) 

(7) 

(8) 

(9) 

REFERENCES 

Bosecker, Raymond R., and Barry L. Ford, 
"Multiple Frame Estimation with Stratified 
Overlap Domain." Proceeding of the Social 
Statistics Section, American Statistical 
Association, 1976. 

Ciancio, Nicholas J., Dwight A. Rockwell, and 
Robert D. Tortora. "An Empirical Study of 
Area Frame Stratification." U.S. Department of 
Agriculture, Statistical Reporting Service, July 
1977. 

Clark, Cynthia Z.F. "Comparability of Data 
from Censuses of Agriculture." Proceedings of 
the Section on Survey Resarch Methods, 
American Statistical Association, August 1984. 

Cochran, William G. Sampling Techniques, 3rd 
Edition, New York: John Wiley and Sons, 1977. 

Craig M., R. Sigman, and M. Cardenas. "Area 
Estimates by LANDSAT: Kansas 1976 Winter 
Wheat." U.S. Department of Agriculture, 
Economics, Statistics and Cooperative Service, 
August 1978. 

Dea, Jane Y., Tommy W. Goulden, and D. Dean 
Proachaska. "Record Linkage for the 1982 
Census of Agriculture Mail List Development 
Using Multiple Sources." Proceedings of the 
Section on Survey Resarch Methods, American 
Statistical Association, August 1984. 

Fecso, Ron. "Stratification of a Remotely 
Sensed Area Sampling Frame," Proceedings of 
the Survey Research Section, American 
Statistical Association, 1981. 

Fecso, Ron, Jeff Geuder, Bob Hale and Steve 
Pavlasek. "Estimating Dry Bean Acreage in 
Michigan." SRS Staff Report No. AGES820225. 
U.S. Department of Agriculture, Statistical 
Reporting Service, 1982. 

Fecso, Ron and Van Johnson, The New 
California Area Frame: A Statistical Study, 

(lo) 

SRS-22, U.S. Department of Agriculture, 
Statistical Reporting Service, 1981. 

Fecso, Ron, Van Johnson and Jeff Geuder. 
"Using SAS to Evalute an Area Sampling Frame 
for Agricultural Surveys." Proceedings of the 
Sixth Annual SAS Users Group International 
Conference. Orlando, Florida, Feb. 1981, 363- 
368. 

(11) 

(12) 

(13) 

(15) 

(16) 

(17) 

(ts) 

(tg) 

(20) 

(21) 

(22) 

(23) 

Fecso, Ron and Robert D. Tortora. "Area 
Frame Sampling in Agriculture: Developments 
and Prospects." Presented at the International 
Conference in Statistics: An Appraisal, Ames, 
Iowa, June 1983. 

Fellegi, J. P. and A. B. Sunter. "A Theory for 
Record Linkage," Journal of the American 
Statistical Association Vol 64, (1969). 1183- 
1210. 

Fuller, Wayne A. and Leon F. Burmeister. 
"Estimators for Samples Selected From Two 
Overlapping Frames." Proceedings of the 
Social Science Section, American Statistical 
Association, 1972. 

Geuder, Jeff. "Paper Stratification in SRS 
Area Sampling Frames." SF&SRB Staff Report 
No. 79. U.S. Department of Agriculture, 
Statistical Reporting Service, 1984. 

Gurney, Margaret and Maria Elena Gonzalez. 
"Estimates for Samples From Frames Where 
Some Units Have Multiple Listings," 
Proceedings, American Statistical Association, 
1972. 

Hanuschak, George A., and Kathleen M. 
Morrissey. "Pilot Study of the Potential 
Contributions of LANDSAT Data in the 
Construction of Area Sampling Frames." U.S. 
Department of Agriculture, Statistical 
Reporting Service, Oct. 1977. 

Hartley, H. O. "Multiple Frame Surveys," 
Proceedings, American Statistical Association, 
1962. 

Houseman, Earl. Area Frame Sampling in 
Agriculture, SRS-21. U.S. Department of 
Agriculture, Statistical Reporting Service, 1975. 

Huddleston, H.F., P.L. Claypool, and R.R. 
Hocking. "Optimal Allocation to Strata Using 
Convex Programming." The Journal of the 
Royal Statistical Society, Series C, Vol. 19, No. 
3, (1970), 273-278. 

King, A.J. and R.J. Jessen. "The Master 
Sampling of Agriculture. Journal of the 
American Statistical Association Vol. 40, March 
1945, 38-56. 

Pratt, William L. "The Use of Interpenetrating 
Sampling in Area Frames." U.S. Department 
of Agriculture, Statistical Reporting Service, 
May 1974. 

Rao, J. N. K. "Some Non-Response Sampling 
Theory When the Frame Contains an Unknown 
Amount of Duplication," Journal of the 
American Statistical Association, (March 1968) 
pp. 87-90. 

U.S. Department of Agriculture, Statistical 
Reporting Service. Scope and Methods of the 
Statistical Reporting Service~ Publication No. 
1308, July 1975. 

141 


