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separate ratio E.~ XE where E =estimated employment,
28p P

1. INTRODUCTION e=sample unit employment,is current monthp is

The Current Employment Statisticssurvey is  previous month, and the sum is across a matched
conducted bythe U.S. Bureau ofabor Statistics and sample. In this study, all responding units have
State Employment Security Agencies to produceemploymentin each month, so all responses are by
monthly estimates of employment, hoarsd earnings definition matched.
by industry forthe U.S., Statesand areas. This The CES sample isselected from a frame
establishment survey is currently undergoing a constructed from records of the Statremployment
redesign. Sample design research indicaleg a insurance programs. Themployment series are
simple but well executed probability desigrould benchmarked or reconciled once a year to employment
considerably reducenean squared error compared tocounts from the same administrative records. CES
samples selectedsing the current realized sampling employment estimateare benchmarked by summing
rates. What this research has not considerdthishe = employment from Ul administrative records to a CES
realized sampling rates are not deviatimosn a more  estimating cell level. The link relative estimatothgen
optimum design as much #sey are the result of low applied to thenew level to produce estimates of
participation rates when units are fisstlicited for the  subsequentmonths. This re-anchors thseries of
survey, particularly among units in the largest estimates to a more recent month.
employment size classedhis researcltompares bias The current CES estimator imptly imputes
of estimators resulting from nonresponse adjustmentnonthly changes in the responding sample to
using information available on these nonparticipantsionrespondents within the same strata, as the
from administrative records from the State nonrespondents arkeft out of the ratio of current
Unemployment Insuranc€Ul) programs forearlier sample employment to previousonth employment.
months, with more traditional survey methods. In otheiThe implicit assumption ihatnonrespondentsehave
words, unlike most other studies, in this research we das do the respondents in the same industry size strata.
not assume nonrespondents to be missing at randorhe goal here is to utilize information availalftem
For this study, wecan evaluate theeffectiveness of administrative records to impute for establishments
various imputation procedures since responses fdhat have not responded to the survey.
every month for every unit are available from the

administrative records consisting of Ul accounts. Test population
The dataused in this study are discussed in Our test population is administrative recofsn

Section 2. This will include abrief discussion of the State Unemployment Insurance Programs for
CES survey and our test population. Section 3 presen&nployerswith only one worksite and employees in
the methodwsed inthe various imputation routines. April 92 and March 94. Datavere collected for 6
Section 4 describeshe evaluation criteriaused to  states fotthe largest size clagemployment of 250 or
analyze the resultsSection 5 contains our results and greater). The data included employment56r 2-digit
comparisons of the imputation method€onclusions Standard Industrial Classification (SI€ydes. Other

from this paper are contained in Section 6. 2-digit industrieswverenot included in the analysis due
to 100 percent response rates in the certatrta or

2. DATA it's presence ironly one ofthe 6 states. SIC 79 was

CES Estimation and Imputation dropped fromall analysis due to an extremely large

CES uses a simple sample design based on six error for the hot deck random selection which
employment size classes and detailed industry strata. dominated highelevels ofaggregation. However,it's
Separate estimates are calculated for estimating cells,failure in this SIC should be noted.
which are combinations of the sampling strata, using We identified fromthis population themployers
the link relative estimator, which is basically a ratio  that participate in the CESEmployersthat do not
estimator. The link relative is expressed as participate in CES remain non-respondents in the



simulations. Month-to-month ratios of employment Imputation stratavere defined by 2igit industry
are calculated for each strata based on respondents. and state.  More detailed industry, Metropolitan
Although the certainty cellvas chosen due to the Statistical Area (MSA), orcounty information could
large amount ofemployment present in these cells, have been used to define more specific imputation
they are typically characterized by a small number of
units in the population. Efforts to estimate strata. However, forthe redesignproposedsampling
employment for darge nonresponding unit blgoking  strata is defined by 2-digit industry and state.
at trends of other large units might be inappropriate  While the end results of our simulations are
because theseunits are often in competition. employment levelsthis study looks atthe monthly
Particularly in a flat or declining market, oemployer change (expressed as a ratio) of employment as the
might expand at thexpense of otheemployers who variable to be imputed. We will compare fatandard
lose business. Borrowingnformation from rivals methods withtwo alternatives using administrative
could send imputed values the wrong direction in data. These methods have a presumed advantage of
these cases. using more informatioraboutthe nonrespondent and
depending less atiie absence of nonresponse bias (i.e.
Benchmarking the estimatesnd the rules for the sample beingqually representative of respondents
borrowing from administrative data. andnonrespondents). Thmodels proposedre simple
The files available forthis analysiscovered 24 and require little data so thtitey donot challenge the
consecutivenonths (April 1992 through March 1994). resources available for conductiti,e monthlysurvey.
Because ofhe limited time framend because one of Other modelsmight provide better results buatre not
imputation methods under consideration requires apractical with time andesource constraints facing the
over the year change, estimates havebeen survey.
benchmarked to June 1993. Thigates 15 months of Although we apply achain of monthly links to
historical data andeaves 9months to imputdor the  arrive at our our estimates, since we have
non-respondents. For the first six month of estimatessstablishment response file entire period, the chain
administrative information is available through theof links simplifies to a link between the last
benchmark month. Thiwias designed tonimic the administrative data and the current month. This
CES benchmark process, withe difference beinghat  simplified form is the what we willuse when
we used June athe benchmark month rathéhan  describing our estimators.
March. In preparingJuly through December 1993
estimates, the latest available administrative dat&stablishment trend times the last observedialue
would be Jund993. For the January through March (UILT) -- The last administrativesalue available is
1994 estimates, the latest available administrative dataultiplied by its over-the-month change fromyear

would be September 1993. earlier to impute the current month.
T . ,
3. METHODS €= *&, , whereg, is the establishment

Imputation methods €12

The issue we are confronting is complete  gmployment at time tg | is the last available month
nonresponse or nonparticipation. In CES as in many . . '
other establishmentsurveys, our frame provides ©f administrative data, and t> I,
information on many items of interest féme unit-- i
industry, location, previous employment, wages, etcS@mple trend times the last observed value (UIST)
In a sense, even a complete nonrespes®mes an _In this situation, the last administrativalue available
item nonresponse problem in CES. Therefore, we cal§ multiplied by the over-the-month change of the
compare item nonresponse procedures, such as me/@\'?ﬁpond'”g sample.
imputation, hot deck - random selection, and hot deck - S )
nearest neighborthat have become standard with €t =— &, , where§ and § are is the sum of
alternative methods we propose. For a numaplete
discussion of these imputation methosise Kalton ~ €mployment acrosthe participating sample at time t,
(Mean imputation withinclasses, Random imputation and Q,I is the last available month of administrative
within classes, Distance functionatching). Specific  data, and t > I.
details of these methods as programmedpaogided

in Robertson and Tou. The four standard methods are as follows:



Last observed value for the establishment (UILO) The measures of errarsed hereare the error

Also referred to as carry-over, (bias) and relative error (relative bias)
A ERROR BIAY= E E
RELATIVE ERROR RELATIVE BI/)\S?
Mean imputation (MEAN)-- Within the imputation »

strata, the ratio of the sum of current monthwhere E is the estimate océmploymentandE is the

employment tahe sum opreviousmonthemployment ~ population employment.

acrossall respondentsvas multiplied bythe previous

month employment value ofhe nonrespondent. For 5. Results

the first month thispreviousmonth employment was Because of spadmitations results are presented

reported, but for subsequentonths it is imputed. for the last month of estimation, March 1994ther

Kalton refers to this as mean imputation within classeghanfor all nine months. In this simulation, March is

Recall that as we areconsidering month-to-month the estimate furthesaway from the lastavailable

ratios, this is essentially the current practice in CES. population value. Coincidentally, March is tbiéicial
CES benchmark month. We present state totalyedls

Hot Deck-Random Selection (HDRS)Randomly @as “national”, which in this simulation is the sum of
select a respondent from the imputatistrata to the 6 states, divisiomnd total estimates. We also
represent the nonrespondent. The ratio of currerRfésentsome summary results tfie national 2-digit
month emp|oyment to previougnonth emp|0yment SICs, for each ofthe 55 industriesused in the
from this donor is multiplied by th@reviousmonth ~ simulation.
employment ofthe nonrespondent. This is referred to The national totabnd division level results are
as random imputation within classes by Kalton. contained in Table A. Total employment foe cell is
given belowthe division heading in each cell. At the
Hot Deck-Nearest Neighbor (HDNN)-As with the national totallevel, the carryover (UILO) method and
hot deck randonselection exceptather tharrandomly ~ the last Ulvalue multiplied by samplérend (UIST)
select the donor, a respondent with the smallesinethod outperform the others by a widargin. UIST
difference inlast reportedemployment is selected as had arelative error of -0.14 percent while the relative
donor Referred to as distance functiomatching in error for UILO was-0.21 percent. The next smallest
Kalton. relative errorwas -0.77 percent fohot deck nearest

All of these methods are applied within strata,n€ighbor (HDNN). The UILT and HDRS methods
and all impute a ratio of the current month performed theworst with estimatesiear 2 percent.
employment tothe previous month employment. In The oneyear of historicadataused inthe UILT does
the case of donor recordihe same donowas used for not providefor a useful model. Athe divisionlevel
a nonrespondent over the entire estimation period. ~ UIST, in general, performs the best. It has the smallest

Techniques like the haleck were developed to €rrors in mining, manufacturingwholesale trade,
reduce biasind tobetter estimate sampling error, but FIRE (Finance, Insuranceind Real Estate), and
they only work well ifthe sample respondents are services. In the construction and retail trade
representative of the nonrespondents.  Althougtndustries, itdoesnot appear thaany of the methods
certainty strata do not add to sampling errorhave substantially smaller errotsan theUIST. In
nonrespondents of the units in these strata add f¢ansportation andpublic utilities (TPU), however,
nonsampling errors. Application of a hdéck with UIST doesnot perform aswell as most ofthe other
randomselection will add variability but it is from a methods.Error measures for state totadge given in
different source, the random selection of donor recordsfable B. The state total resulise similar to the
The model behind the imputation process may hation numbers. It appeatisat theUIST method is
contribute to biasndvariability. The simulation here Somewhat better than the other methods.
allows for comparison of bias estimated from a sample ~ Establishment trend times the lagiserved does

to the full response, or popu'ation, under tha@ious not performWe” at this level (W|th the exception of
imputation Strategies described. MiChigan where itdoes very well - almost as well as

UIST). UILT underestimates irvery state except
4. EVALUATION CRITERIA Michigan, and has the largest errofaur states.This



again demonstratahat theestablishment of trend of percent erroifor New York, and is theonly method

one year ago isot avery goodpredictor of current

establishment employment in @anging economy.
New York vyields the worst results acrosshe six
UISTdoes produce a reasonable.67

methods.

with an error less than one percent.

Table A. Errors and relative errors for the six imputation methods, by Division (Employment level is given
above the Error column for each division)

Total Mining Construction
2,905,627 2,280 25,622
Error % Rel. Err, Error % Rel. EYr. Error % Rel. Err
HDNN -22,457 -0.7/f HDNN 18 0.9 | HDNN -2,046 -7.9
HDRS -63,274 -2.18HDRS 12 0.53|HDRS -2,643 -10.3
MEAN -32,261 -1.11 MEAN 22 08| MEAN -1,777 -6.91|
UILT -57,130 -1.911 UILT 21 0.9|UILT -5,159 -20.1l|
UIST -4,040 -0.4 | UIST 8 0.35 UIST -2,207 -8.$1
UILO -6,177 -O.Zh UILO -57 -2.599|UILO -2,236 -8.7B
Manufacturing TPU Wholesale
602,013 81,472 69,708
Error % Rel. Errl Error % Rel. Efr. Error % Rel. Err
HDNN -2,363 -0.3 | HDNN -663 -0.81 HDNN -1,716 -2.4
HDRS 849 O.ZII HDRS -3,968 -4.8/{HDRS -1,778 -2.5b
MEAN -579 -O.ﬂ MEAN -1,612 -1.98 MEAN -1,543 -2.21
UILT -8,653 -1.44| UILT -1,236 1.3 | UILT -3,092 -4.4
UIST 325 0.0E UIST -1,750 -2.15 UIST -1,321 -a.9
UILO -3,225 -0.5I| UILO -25 -0.03|UILO -1,840 -2.6
Retail FIRE Services
120,835 227,378 1,776,319
Error % Rel. Errl Error % Rel. Efr. Error % Rel. Err
HDNN -9,572 -7.2 | HDNN -8,402 -3.7| HDNN 2,287 0.18
HDRS -38,144 -31.57THDRS -5,506 -2.2|HDRS -12,096 -0.68
MEAN -20,986 -17.37 MEAN -10,323 -4458 MEAN 4,537 0.3
UILT 233 0.19| UILT -5,067 -2.28 UILT -34,177 -13
UIST 645 0.53 UIST 149 0.07 UIST 111 d.o
UILO 4,131 3.4|UILO 309 0.4 |UILO -3,234 -0.1B

Ranking of the errors at both the state total and(carryoverandUIST) outperfornthe others. Alhave
national divisionlevel, givestrongevidence in support a high occurrence of returning one of the three smallest

of the UIST method (Tables @nd D).

In anattempt

errors in a 2-digit SICUIST hadone of the smallest 3

to obtain aroverview,the methodsvereranked 1 to 6 errors in 71 percent of the industry groups. UILO had
(smallest to largest errorgnd thecounts of those

rankingsfor each method were placed the tables.

73; the othersvereall 55 percent ofess. In contrast,

The weighted ranking column, shows the sum of rankshe three traditional imputation methods tench&ve
i.e. 1 for smallest, 2 for next smallest, etc. The smallethe largest errors.

this total, the better the method should be. Results are
also generated for national 2 digit SICs. As mentionedlivisions (Table F) also lends support to the argument

previously, 55 two-digit SICsre considered inthis

Ranking the performance of the methods in state

that theUIST method providethe bestresults. It has

analysis (Table E). At this level two Ul based methods one of the three smallest errors in 58 percent of the



state divisions. Th&JILO method als@againdoes well

the MEAN imputation method yields the smallest three

with 56 percent of it's errors being among the 3errors forthe division. At the national 2-diglevel,
One changthat should be noted is the this was the case only 40 percent of the time.
improvement of the MEAN method ithis case. In
sixty-three percent of the state divisiewel estimates,

smallest.

Table B. Errors and relative errors for the six imputation methods, by State Total
(Employment level is given above the Error column for each State)

Florida Massachusetts Michigan
429.96. 308.86¢ 442 .92:
Error % Rel. Err Error % Rel. Err Error % Rel. En
HDNN 2,303 0.1 |HDNN 895 0.3 |HDNN 1.045 0.4
HDRS -228 -0.05 |[HDRS 1886 0.61 |HDRS -7.398 -1.67
MEAN 2374 0.55| MEAN 1658 0.91 | MEAN 4,167 0.9
UILT -13.181 -3.07 | UILT -4728 -1.58 | UILT 264 0.6
UIST -1.364 -0.2 |UIST 1820 0.8 |UIST 40 0.@
UILO 2.229 0.5 [UILO 3,537 1.15|[UILO 2.354 0.58
New Jersey New York Pennsylvania
352883 849257 521736
Error % Rel. Err. Error % Rel. Efr Error % Rel. Err
HDNN 2,061 0.58| HDNN -33,171 -3.91| HDNN 4,410 0.8b
HDRS 640 0.18 |HDRS -55,975 -6.9 |HDRS -2,199 -0.4
MEAN 805 0.28| MEAN -43,223 -59 | MEAN 1,958 0.38
UILT -10,429 -2.9 |UILT -22,760 -2.68| UILT -6,296 -1.21
UIST 1,257 0.8 |UIST -5,662 -0.6/7| UIST -131 -0.03
UILO -1,639 -0.4 |UILO -10,288 -1.20|VILO -2,370 -0.4b
Table C. Distribution of ranking of size of errors within "national” divisions
Smallest Largest Weighted % of industries that
Error Error Ranking method had one of
1 2 3 4 5 6 Sum 3 smallest errors
HDNN 0 3 2 2 1 0 25 63
HDRS 0 1 1 2 2 2 35 25
MEAN 1 2 0 2 2 1 29 38
UILT 1 0 2 1 0 4 35 38
UIST 5 1 1 0 1 0 15 88
UILO 1 1 2 1 2 1 23 50
Table D. Distribution of ranking of size of errors within state totals
Smallest Largest Weighted % of industries that
Error Error Ranking method had one of
1 2 3 4 5 6 Sum 3 smallest errors
HDNN 1 0 1 2 2 0 22 33
HDRS 2 0 1 1 0 2 21 50
MEAN 0 3 0 0 3 0 24 50
UILT 0 1 1 0 0 4 29 33
UIST 3 1 2 0 0 0 11 100
UILO 0 1 1 3 1 0 22 33




Table E. Distribution of ranking of size of errors within "national” 2-digit SICs

Smallest Laraest Weiahted % of industiesthat
Error Error Rankin method had one of
1 2 3 4 5 6 Sum 3 smallest errors
HDNN 1 9 11 16 11 8 215 38
HDRS 5 9 6 14 11 10 212 36
MEAN 4 6 12 17 10 6 206 40
UILT 16 9 5 4 6 15 185 55
UIST 13 9 17 2 8 6 166 71
UILO 16 13 11 5 4 6 151 73

Table F. Distribution of ranking of size of errors within state divisions

Smallest Laraest Weiahted % of industiesthat
Error Error Rankin method had one of
1 2 3 4 5 6 Sum 3 smallest errors
HDNN 10 6 4 8 7 8 149 47
HDRS 7 7 5 3 9 12 165 44
MEAN 8 7 12 8 6 2 132 63
UILT 9 4 5 2 8 15 170 42
UIST 9 5 11 9 7 2 135 58
UILO 4 14 6 9 7 3 139 56
6. Conclusions national estimates due to response rat¥ery little

In general, the Ulbased methodsppear to difference betweerthe methodswas found in the
provide slightly better results ithis study,than do the models. It is also possibteat simulations conducted
traditional imputation methods.  This @nsistent in non-certainty strata on non-participantould
with earlier researcltonducted by West, eal. We  provide additional information whictwould either
would expectthat using themost recent information help define criteridor use ofthe methods or find one
available about a business would improve oumethod that stands out.
imputation. How we use that information matters. This analysis includecemployers in certainty
Any establishment specifienformation thatwould  strata for all industries, but only for employers with
improve our chances of estimatirige employment
should be used. Of the three bsed methods, the single worksites in one or more of six stateéBefore
UIST method,using the most recent administrative selecting an imputation method fdhis class of
information with sample trend to fill in the missing establishment the analysis should be expanded to
monthsyields the smallest relative error most of the include more statesnd multi-establishmenémployers
time, while the carryover (UILO) method ranks secondover a longer time span.

But, as mentioned previouslthis canvary depending
upon the state, division or SIC. References
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