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5. INTRODUCTION

After ueh'dou:nhl umxfé m’w‘of the
Census redesigne its housshold surveys to fwprove
Povential {mprovemnt 1¢ wi-rrtaery Semiicy
po al fmprovement (s n-Primery ng
Unit (PSU) sort and stratification resssrch. The
surveys currently doing this reseerch are

American Nousing Survey-Netropolitan
Sample (ANS-MS),

Consumer Expenditure Survey (CE),-

Current Population Survey (CPS),

Nealth Interview Survey (NIS),

National Crime Survey (NCS), .

Point of Purchase Survey (CPP), end

”::{ P:; Income and Program Participstion

This paper describes the research for sn optimal
sort and stratification scheme to reduce the with-
in-PSU varfance of key survey estimates. The
research involves three parts: :

Selection of Sort and Stratification Variables

Obtaining Sort and Stratification Schemes,

E::luation of Stability of Sort Variables Over
*.

The first part is simflar to research done prior
to the last redesign. See [1]1. The second consid-
ers new approaches to forming sort and stratifica-
tion schemes. The third is new for this redesign.

After providing background {nformation, this
peper discusses the three research parts with
emphasis on the second pert. Also, this peper
presents an application of the research to the SIPP
and concludes with suggestions for further reses-
1l. BACKGROUND

For redesign, the universe (households in the
United States) is sorted or stratified either at
the housing unit level or at the census block
level. So, fdeally, research should be done at
both levels. Due to time and resource constraints,
the first two parts of the research use only block
level data. The block level research {s, however,
conducted on areas where the unfverse {s sorted or
each redesioning survey 16 1o senty the plock tover

[ gning survey is to y the eve!
scheme to the unft and block lxls. (The CPS uses
only block level sorts.) If an ordering of a set
of variables at the block level reduces the uithin-
PSU variance for key survey estimates, that order-
ing and set of varisbles at the unit level s

ed to reduce those variances more. $o, a
eme performing well at the block (level is
ed to perform even better at the unit level.

Stability research requires longitudinal data.
Since the only available longitudinal data, ANS-NS,
for the research is at the unit level, the stabili-
ty research uses unit level data.

The following sections discuss each part of the
research.

111. SELECTION OF SORT AND STRATIFICATION
VARIABLES

We identified potential sort or stratification
varisbles based on sponsor requirements, past re-
search, or knouledge of the relationships between
variables. Some of us based our selection entirely
on these three items, while others did further
research. The further research involved three
parts: .

1. correlations between varisbles and key survey

estimates
2. scatterplots for the variables and key survey
estimstes .
3. stepuise regression of key survey estimstes
with the varfsbles ‘ .
Ue added varisbles to the List of potential sort
and stratification varfsbles based on the results
from this analysis. ‘
since we conducted research using blocks, the
sort and stratification variables were proportions
or medians of 8 characteristic found within the
blocks. 1f we did ressarch at the ynit level, we
would use the actusl value of 8 sort and stratifi-

catfon varisble for esch housing unit. The sort

and stratification variables described demographic,
geographic, end socio-economic characteristics of
@ block. Ve used only census data ssked of all
houssholds (100X census datas) for the sort and
stratification varfables. Since some of the blocks
in a PSU did not have census data asked only to a
sample of houssholds (sample census data), we did
not use sample census data for stratification.
Key survey estimates were totals found within the

- blocks. We used both 100X census data and sample

census data for the key estimates.

For the sort and stratification variables and key
survey estimates, we used 100X dets and sample data
from the 1980 census block level files for eleven
urben and five rural PSUs. See [2]. WUe selected
these PSUs for research because they were blocked
in 1980. All PSUs in the country were not blocked
in 1980. Also, we believed that this group repre-
sented the country. Below are the PSUs used for
the research.

Counties in Urban PSUs
1. Contra Costa, CA 6. Oakland, Wayne, MI

2. Suffolk, Y 7. Essex, Hudson, Union, NJ

3. Dekalb, Forsyth, 8. Albeny, Rensselser, NY
Fulton, GA 9. Arlington, Fairfax,

4. Cook Prince William, VA

.. Dupege,
Lake, IL 10. Dallas, TX
5. Suffolk, MA 11. Stanislaus, CA
Counties in Rural PSUs
1. Camden, Charlton, GA 4. Genesee, Uyoming, NY
2. Attala, Nolmes, MS 5. Appomattox, Charlotte,

3. Deer Lodge, ‘Prince Edward, VA
Silver Bow, NT
1V. WNETHODOLOGY TO OBTAIN SORY AND STRATIFI-
CATION SCHEMES

To create the sort and ctut%f%cat%on schemes,
we used one of the following three procedures.
1. Forming strats, sorting strats, sorting blocks
within strata
2. Forming strata, sorting blocks within strata
3. sorting blocks uithin the PSU
In the first and second procedures, we formed
strata by dividing a varisble or cross-clarifica-
tion of varisbles into categories. Then we placed
a block with a certain percentage or median of that
varisble in the fate category or stratum.
Ve sorted the strata {n either sscending or
descending order for the first procedure using the
value of a weighted average of another varisble.
In all three procedures, the last step s the
sorting of the blocks. Ue sorted blocks in efther
ascending or descending order. Depending upon the
procedure, we sorted blocks by ir value of s



:::;iable uithin the stratum or ecross the entire

Ue used three methods to assign blocks to
strata. For each method, we determined the bound-
aries of the strata by the proportional wvalue or
the median value of the stratification verisble.

For the first method, we set the boundarfes to
be the same for all the Psus. For e, the
four strats for the varisble pr fon of minori-
ties O+ of the total Lation O¢ for all the PSUs
can be [0, &5 ) L. o oso’c ‘o”‘ .ﬂ), and (05,

1.

The advantage to the first method {s that no
prior knowledge of the distribution §s needed.
Also, from a programming aspect, this method {s the
least costly to implement to the next two
methods of forming strata. draubeck for this
method is that a stratum may be espty for any PSU.
Also, the distribution of units in esch stratus msy
be different. S0, the stratification may not be as
effective in reducing varisnces. :

The second method is to set boundarfes so that
each stratum has the same percentage of blocks for
all PSUs. For example, the four strata for the
varisble proportion of minorities O¢ of the total
population 0+ for all the PSUs cen have 25X of the
distribution in each of the & stratum. ldulg;
each stratum contains the same percentage of
distribution. However, in practice, this may not
be possible to schieve. See [3).

The advantage to the second method is that a
greater variance reduction is obtained compered to
the first method. For this method, the values of
the boundaries will be different for all PSUs.
Also, the distribution of a varisble for the PSU
must be known to determine boundsries shich place
a certain percentage of blocks in a stratum. The
drawbeck for this method {s the need for more pro-
gramming and computer costs. ' v

The third method to set boundsries is a com-
bination of the first and second methods. The
first and last strata have the same values for all
PSUs, while the middle strata have a fixed percent-
age of the leftover distribution. Depending upon
the leftover distribution, the middle strata may
have approximately -equal percentages. For exasple,
the four strata for the variable proportion of
afnorities 0+ of the total lation O+ for all
PSUs can be [0, .10) for the first stratum, (.90,
1] for the fourth stratum, the first 50X of the
remaining distribution in the second stratum, and
the second 50X of the remaining distribution in
the third stratum. For meny of the varisbles, the
first and fourth strata are not empty because there
" is a clustering at the tails of the distributfon.

The advantage to the third method is that a
greater variance reduction is obtained compered to
‘the first method. For this method, the values of
the boundarfies for the middle strata will be dif-
ferent for all PSUs. Also, the percentage of the
total distribution of a variable for a PSU sust be
lmou'\. The drawback :or '::3 method s that ft
requires more programming computer needs than
the other two methods.

.. -

To termine sort and stratification
schemes that are most effective in reducing the
within-PSU variance of key survey estimates, we
calculated the between-block variance of key survey
estimates for each PSU under each scheme. See [4)
and [5). For each PSU, we calculated the between-
block varisnce over all possible systematic samples
of each scheme assuming a fixed sample size. For
the systematic samples, we computed the estimsted

total ( ? ) as:
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and the between-block varfance of the estimated

total ( 9)“:

‘ 1” 9-'2
Va(”.ﬁ 1!&"9)

ud.foro.lm.qlok.ﬂn'uﬂ-to(bfk )

9, =51% (my, X

x = count or total of the dunctcrutlu‘of
fnterest (persons, houssholds, or housing
wnits) for the 1= block fn the given PSU,

4 = the total mmber of housing units in the
* block,

® .= the number of sample housing units in the

' * block for the k* systematic sample (3
= 0, vhen the {* block is not in the

systemtic sasple)
T = the totsl mmber of blocks fn the given

Sy, )
$1 = the sampling interval for the given PSU
and all possible systematic sasples.
As benchmarks for esch PSU, we calculated
between-block variances for key survey estimates by
a random sort and a geographic sort of the blocks.

sort schemes reduce the varfances. Ue, also, com-
pared ratios of the variances from different sort
and stratification schemes to see which scheme
provided a better variance reduction.

Vi. EVALUATION OF STABILITY OF SORT VARIABLES

OVER TINE

during the actual sample selection process, 1990
census data s used to sort and stratify units and
blocks in the United States. Then, sample fs se-
lected for 1995 through 2005. Actual character-
{stics of selected units and blocks mey change by
the time of the interview. So, sort and stratifi-
g § imti%‘o prorg ll°f MI".
vey estimates in may smaller varience
reductions uith time or may result in increased
varfsnces compsred to the random or geographic
ordering of units or blocks. Even if variance
reductions are possible during the ten yesr period,
different orderings of the sort and stratification
v:rhblu may result in smaller varfances over
time.

Ve evaluated the stability of the sort and stra-
tification variables uith longitudinal data from 7
metropolitan statistical areas (MSAs) of the ANS-
uS. The longitudinal data fncluded data from the
same housing units for the years 1974, 1977, 1981,
and 1985. The actusl types of characteristics




svailable sre limited and did not cover atll the
sort and stratification variables consfidered.
Selow are the NSAs used for this ressarch

1. BSoston 5. Winneapolis/saint Paul
2. Dallas 6. Phoenix

3. Detroit 7. uashington, D.C.

&. Fort torth

From the ANS-NS data, we analyzed two sets of
correlations. The first set {nvolved correlations
between sort end stratification varisbles in 1974
and in the other three years, 1977, 1981, and 196S.
The second set fnvolved correlations between sort
and stratification varisbles in 1974 and key survey
estimates at each of the four years. -

Ue considered the following criteria for stabfl-
ity. then both sets of correlations for a sort and
stratification varfable were high and stable over
tims, then we judged that sort and stratification

‘varfable to be suftable. 4hen the correlations

deteriorated over time and becams negative, then we
considered that sort and stratification varisble
inappropriate. When the correlations over time
were more stable for one sort and stratification
varisble than for another with a similar fnitfal
correlation, then we selected the more stable vari-
sble to be higher fn the sort and stratification

scheme.
Vil. RESULTS FROM TNE SIPP
One fnvolved in the within-PSU sort end
stratification research s the Survey of Income and
Program Participstion (SIPP). The following fllus-
trates the research done for the SIPP.
Al imates ] r
eses
For the research, we in the SIPP branch analyzed
14 key survey estimates. (See Figure 1.) Five
were poverty-related estimates. The first, second,
and third poverty-related estimates used sample
census data; the fourth and fifth used 100% census
data. Four were labor force and fncome estimates.
All used sample census data. The S5 other key SIPP
estimates used 100X census data.
. We initially considered the following 12 sort
and stratification varfables.
1. proportion of minority population O+ of
the total population O¢ '
2. proportion of persons 65+ of the total
population 0+
3. proportion of persons 0+ {n urben areas of
the total population 0+ :
4. proportion of vacant year-round WUs of
S oo y:qr- f e round Ws of
. proportion of one-room year- [
" total year-round HUs .
6. proportion of renter-occupied HUs of total
occupied WUs
7. proportion of minority renter-occupied WUs
s of tota% oeupof fed WUs fod- Wi ulth
. proportion renter-occup
contract rent less than $150 of total
occupied WUs .
9. proportion of mobile homes or traflers of
total year-round Ws
10. median value of owner-occupied Ws
1. ;&i‘m contract rent

CBUR classifies the location of an ares. The
C represents the central city of an NSA. The 8
represents an urbenized area not in category C.
The U represents an urban place not an urbanized
area and not in category C. The R represents all
other areas. See [6]. Due to problems during the
research with the block level files, the clas-
sification for the geographic varisble was CUR.
For research, blocks with the B classification did
not exist on the file. For implementation, the
classification is CBUR.

B. gj‘ﬁﬁgﬂﬁ.m'ﬂf'ﬂﬂﬂﬂﬁlﬁm
From st o varisbles, we selected seven

2, 6,7, 8, 11, and 12) for the research based
the results of the correlations, scatterplots,
and regression analysis from all the PSUs.

Two varfables showed a correlation greater than
25 betwesn the black-related survey estimates in
all the PSUs. They were proportion of minority
population 0+ of totsl population 0+ and fon
of atnority renter-occupied Ws of total occupied
We. In the PsUs uith a high percentage of blacks
in the population, the correlation wss greater than

betusen these tuc varisbles-and the black-re-
lated survey estimates.

a,
on

2

, we selected all

- for s
‘odd-rumbered urban ‘and rural PSUs from sectfon 3,

except urben PSU-9. Ue saved all even-rumbered
urban and rural PSUs to test the effectiveness of
the sort and stratification scheme. Sue to time
const we only tested the final scheme on PSU

§
ga
i
.
g
3
:
2
i

only 57 percent of the survey estimates. One cause
Y mamber of blocks in the PSUs.
r blocks than the urban

m.

Yo obtain a unique ordering of blocks in the
sort, we ended every scheme uith three geographic
fdentification varisbles: county code, tract num-

, and block mumber. These three geographic
fdentification varisbles defined the geographic
Initially, we sorted blocks within the PSU.
After different sort combinstions in both urben and
rural PSUs, we did not find a significant reduction
in the m{m of the survey estimates. The only
sort scheme that showed any measurable reduction
u: CBUR followed by the three geographic vari-
ables.

In forming strata, we began with the two vari-
ables that showed a high correlation between the
black-related survey estimates. Ue set the values
of the boundaries to the strata for these variables
to be the same in each PSU. Some PSUs, especially
urban PSUs, showed modest reductions in the vari-
ances shile varfances in other PSUs, especially
rural PSUs, only worsened. Ue selected two strati-
fication levels. They were proportion of minority
population 0+ of total population 0+ and tion
of ainority renter-occupied WUs of total occupied
Ws for the first and second level, respectively.
This ordering of levels showed a greater reduction
in the varfances than any other ordering uith one
or both varisbles. Also, for every stratifica-
tion scheme, we used two sort orders for the
blocks. One sort order was CUR and the three
geographic identification varfsbles. The other
sort order was just the three geographic fdentifi-
cation varisbles. The first sort order was consis-
tently better than the second sort order for every
stratification scheme.

For further trials, we used proportion of minori-
t{ population 0+ of total population 0+ and -
tion of wminority renter-occupied Ws total
occupied HUs as the first and second stratification
levels, respectively. These additional trials {den-
tified two more stratification levels. The third
stratification level was median contract rent. The
fourth stratification level was proportion of rent-

;



er-occupied WUs with contract rent less than $150
of total occupied WUs.

With the addition of the third and fourth strati-
fication levels, we reduced the survey estimates
related to rent. For some PSUs, G:rchlly PSU 3,
varfance reductions were clesr. ortunately for
some PSUs, especially the rural PSUs, no variance
reductions were clear. ] -

Upon investigating the distributions of the four
variables used in the stratification, some strata
contained only a few blocks. In some fnstances,
tncart by establisning the & e Sercentee of

ries est ng same percentage
blocks from a varisble in each stratum for all

Oue to time constraints, we only tried to set the
boundaries by a percentage of the distribution for

the first and second stratification levels. For

the variable of the first stratification level, x

found two effective stratifications in reducing
variances. For some PSUs, five strate of approxi-
mately 20X of the distribution in esch stratum wes
effective. For other PSUs, six strats of approxi-
mately 16X of the distribution in each stratum wes
effective.

To compromise between the two stratifications for

the variable of the first level, we set the values
of the first and {ast strata and evenly divided the
rest of the distribution into the remaining strata.
$o, the percentage of the remaining distributfon in
the middle strata fluctuated for esch PSU. Also,
the values of the boundaries for the middle strata
differed for each PSU. We used six strata for the
first stratification level. The values of the
first and sixth strata were [0, .01) and (.99, 11,
respectively. The four middle strata each con-
"tained 25% of the remsining distributfon. This
stratification proved to be effective in reducing
the variances compered to the benchmarks for the
urban PSUs. This stratification wes not as effec-
tive for the rural PSUs.

For the variable of the second stratification
level, we found one effective stratificstion in
red.scing the variances. The first stratum contaf-
ned the first 60X of the distribution. This oc-
curred due to the clustering around zero. Nany
blocks did not have minority renters. The second
stratum contained the next 30X of the distribution
and the third contained the last 10X of the dis-
tribution. For many PSUs, the range for the third
stratum started with blocks contafning 50X minor{ty
renters. For the test PSU, we adjusted the second
stratification level because 85.6X of the blocks
did not contain any minority renters. Ue decided
to keep the third stratum with 10X of the distribu-
tion while adjusting for the difference fn the
second stratum.

D. {_Resea or
For the research, the final SIPP sort and

stratification scheme for all PSUs fncluded four

stratification levels and four sort variables. The
varfable for the first stratification level, pro-
portion of minority population O+ of totsl popula-
tion O+, had six strata. The following was the
classification of each stratum for the first level.
Stratun Classification

ist (0, .01)

end first 25X of the remsining distribution

3rd second 25X of the remaining distribution

4th  third 25X of the remaining distributfon

Sth last 25X of the remaining distribution

6th ( .99, 1) .

The varisble for the second stratification level,
proportion of minority renter-occupfed WUs of total
occupied HUs had three strata. The following was
fhe classification of each stratum for the second

evel.

stratum Classification
1st first 60X of the distribution
ond next 30X of the distribution
3rd Lest 10X of the distribution
The varisble for the third stratification level,
wedian contract rent, included five strata. The
following was the classification of esch stratum
for the third level. :

stratum Classification
1st no renters in the block
a&nd (s 8,850
3rd ¢$ 50, 8110 )
4th ¢ 8110, 8150 2 -

Sth (8150, @ ) - :
The veriable for the fourth stratification level,
proportion of renter-occupfed WUs with contract
rent less than $150 of total fed Wis included
four strata. The following wes classification
of each stratum for the fourth level.

Stratum Classification
1st .. 0
ad €0, 513
Sed £S5, :
&th 1

The sort order for the blocks within the strats
fncluded CUR, county code, tract mmber, and block
.w'.

Ue tested the above-mentioned scheme only on PSU
2. The scheme proved effective in reducing the
varfances of the survey estimetes for PSU 2. From
the research, the above-mentfoned scheme for all
b red tlnbuunr::forth‘em . "ﬂi
compared to survey estimat-

the not .as effective com-
the rural PSUs. This
L PSUs.

L]
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For implementation, we adjusted the sort and -
stratification scheme for application to the part
of the universe selected at the unit level, to
accosmodate cosputer and timing constraints, and to
allow for ove ling low income households.
There are nine levels of sorting for blocks. There
are eight levels of sorting for housing units.

Since we oversample low income households,
first level of sorting classifies units or blocks
as follous.

Unit or Block

' i%?! %la

Other than Low Income Houssholds

The second level varisble classifies units by

ainority status and blocks by proportion of minor-

ity population O+ of total population O+. The

following is the classification of esch stratum for
the second

level.
Unit i 8lock ‘
1st Il%nority C1st [ .55, * b]
2nd  dNot Minority and [ .40, .55)
3 d [.15, 40)

4th [ .05, .15)
. Sth [ 0, .05)
The third level varfsble classifies units by
renter status and blocks by fon of minority
renter-occupied NUs of total renter-occupfed WUs.
The following is the classification of esch stratum
for the third level.

Unit : nmg;m*
Clessification
1st  Renter st [.5, 1)
end  Ouner enrd (0, .5)
3rd 0

4th No renters




The fourth level variable classifies units by
contract rent and blocks by median contract rent.
The following s the classification of each stratum
for the fourth level.

Unit ' , Slock
r Clessification
st (S O, $100 )
and [ 8100, 8150 )
3rd [ 8150, £250 )
th (8250, ¢ )

Does .
The fifth L le classifies units by

value of owner-occupi blocks by

tion of contract rent

er-occupied Wis. The

tion of each stratum fifth level.
Unit ock

i
Stratum Classification m:m‘mm
st [ $0, $49,999 1  1st .

ond [$50,000,40) 2nd [.5, 1)
Srd  Does Mot Oun m (o.°.$)

Sth No Renters
The sixth level varfsble, CBUR, fncluded four
strata. The following is the classification of
each stratum for units and blocks.
unit or llocl:' .

Classification
1st C - Central City of an MSA
and . 8 -~ Urbenized Area not in C
3rd U == Urben Place not in 8 and C
4th R == All other aress
The. remaining levels uniquely define a housing
unit or a block. For the housing units, the sev-

enth and efghth levels are district office and

housing unit identification number, respectively.
For the blocks, the seventh, eighth, and ninth
levels are district office, address register ares,

and combined block mmber, respectively.

F. 'g;Fﬂ!;z gm% :
During the research for the sort and stratiff-

cation scheme, we produced pairuise correlations
for the stnbi'lity research using the AHS-MS unit

level data from all seven NSAs. Ue snalyzed the

:ornlotiom fm‘gn ve'rsus' 1977, 1981, and “I;,:S
or renter-occupied, minority renter-occupied,
minority householder, and rent value. Each of
these variables remained relatively high across
time with minority renter-occupied having the low-
est correlated value. All four were similar in
stability. (See Figure 3.) We, also, produced

_correlations of these four varisbles with key

estimates. - From the analysis of the four
varisbles with the key survey estimates, all the
positive correlations remained stable over time.
$o, we judged the four variables to be suitable as
sort and ctnt:fication varisbles for the SIPP.
G.
The current sort and stratification research for

the SIPP did not investigate the effects of first

stratifying by the oversampling varisble. Since
oversampling will influence additional gains from
the sorting, future sort and stratification re-
search for the SIPP should take oversampling into
account.
Vill. coNcLusIoN

The options presented in this |may serve as
a starting point for sort and stratification re-
search for 2000 redesign. With early planning, we
may be sble to implement unique sort and stratifi-
cation schemes in esch PSU to ebtain further vari-
ance reductions. Additionally, the research for
the SI1PP will include oversampling when developing
sort and stratification schemes.
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Figure 1. mi SURVEY ESTIMATES FOR SIPP
Varfsble  Description of Survey Estimate

POVERTY-RELATED ESTINATES
1. tou{ Population O+ Below the Poverty
Leve
2. Total Population O+ Below the Poverty
Level Not Receiving Public Assistance
3. Total Blacks and Mispenics Unesployed 16+
Total Female leaded Households with MNo
Spouse and At Least One Child Under 18
Total Renter-Occupied Housing Units (Nus)
uith Contract Rent Less than $150
LABOR FORCE AND INCONE ESTINATES
Yotal Blacks 16+ in the Civilian Labor
Force (CLF) '
Total Population 16+ in the CLF
Total Black Households with Income Between
$15,000 and $50,000
Total Nouseholds with Income Between
$15,000 and $50,000
OTHER SURVEY ESTIMATES
Total Black Householders
Total Black Population 18+
Total Female Headed Households
Total Population 65+
Yotal Renter-Occupied Wis




Figere 2. FINAL RESEARCH SORT SCHEME
Compared to the Geographic Sort

2 . 39 2.7

1 2 3 4 6 6 7 8 9 10 # 12 13 14
Key Survey Estimates for SIPP

BN pSU 1 El psu 2 ) esus
= PSU 7 3 psu 1t

Ratio less than one indicates an improvement to the geographic sort

Figure 3. SIPP Stability Correlations

Variable Years Minimum Average | Maximum
Renter 1974-1977 | .82 87 .91
Occupied
1974-1981 .71 .77 .84
1974-1985 .60 .69 .77
Rent 1974-1977 .68 .78 .82
Value h
1974-1981 .50 .66 .74 |
1974-1985 .46 .60 .73 |
Minority 1974-1977 .52 .75 .88 '
Householder
| 1974-1981 .44 .66 .81 |
1974-1985 .34 .58 .75 |
Minority Renter 1974-1977 .35 ' .63 82 I
Occupied
| 1974-1981 .25 .52 .74 |
1974-1985 .22 .46 .67 |






