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Abstract 

The Bureau of Labor Statistic’s Job Opening and Labor Turnover survey (JOLTS) 

attempts to measure US labor market dynamics on a monthly basis. The JOLTS survey 

estimates both the flow of employment into business establishments (hires) and the flow 

of employment out of business establishments (separations). In theory, it is assumed that 

the levels of these two types of flow should relate directly and proportionately to the 

trend in the overall employment level. A number of factors prevent the employment trend 

and the net flow of hires and separations from equilibrating on a monthly basis. However, 

it is expected in theory that over time this equilibration should eventually occur. 

We will present evidence that even over time, for reported JOLTS data, the net flow of 

hires minus separations greatly exceeds reported employment trend and that this 

disequilibrium is the result of a significant deficiency in reported separations or excess of 

reported hires. Finally, we will present the corrective action adopted by JOLTS to 

account for the divergence between Current Employment Survey (CES) employment and 

JOLTS hires minus separations. 
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1. Introduction 

 

The Job Opening and Labor Turnover survey (JOLTS) is designed to measure US labor 

market dynamics on a monthly basis. The JOLTS survey estimates monthly employment 

and both the flow of employment into business establishments (hires) and the flow of 

employment out of business establishments (separations). In theory, it is assumed that  

the levels of these two types of flow should relate directly and proportionately to the 

trend in the overall employment level. When employment is trending up it is expected 

that the flow of hires should proportionately exceed the flow of separations. Conversely, 

when employment is trending downwards it is expected that the flow of separations 

should proportionately exceed the flow of hires. A number of factors prevent the 

employment trend and the net flow of hires and separations from equilibrating on a 

monthly basis. However, it is expected in theory that over time this equilibration will 

eventually occur. The purpose of this paper is to empirically compare the theory outlined 

above with actual reported JOLTS data to show that theory does not match empirical 

practice. We will present evidence that even over time, for reported JOLTS data, the net 



 

 

 

flow of hires minus separations greatly exceeds the un-benchmarked employment trend 

and that this disequilibrium is likely the result of a significant deficiency in reported 

separations or excess of reported hires by approximately 1.6 million over the course of 

the survey. 

The current JOLTS item imputation algorithm is a nearest neighbor approach. Imputed 

records are paired with their nearest neighbor, that is, the reported record with the closest 

level of employment. The current imputation approach provides comparable levels of 

hires and separations relative to reporters. However, it does not provide a satisfactory 

relationship between the imputed records’ employment trend and imputed levels of hires 

and separations. This paper will detail why this is true and provide an alternative 

imputation approach that maintains the satisfactory levels of hires and separations while 

providing a better relationship between recipient employment trend and imputed levels of 

hires and separations. In addition, the effect of sample rotation on the disparity between 

estimated employment trend and estimated flow (hires and separations) will be discussed. 

Finally, it will be shown that the corrective action adopted by JOLTS to account for the 

divergence between CES employment and JOLTS hires minus separations (that is, the 

alignment procedure) is a reasonable approach. 

2. Methodology 
 

To make the case that even over time the net flow of reported hires and separations 

greatly exceeds the reported un-benchmarked employment trend a comprehensive dataset 

of JOLTS micro data was constructed. All reported JOLTS micro data establishment 

records over the entire existence of the survey (December 2000 to December 2012) were 

included provided the following two criteria were met; those which did not meet these 

criteria were not included in this analysis: 

1. The establishment had two consecutive months of reported employment (that is, 

current month and prior months reported employment) 

2. The establishment had reported both hires and total separations in the current 

month (that is, current month imputed hires and total separations values were 

ignored) 

Each micro record contained the reported employment, hires and total separations values 

as well as the sampling weight, non-response adjustment factor (NRAF), and CES 

benchmark factor (BMK) used in estimation. 

This data set allows for a direct comparison between reported employment trend and net 

flow of hires and separations for each JOLTS respondent and this comparison can be 

made over any length of time (such as annually or over the life of any respondent in 

survey) to assess how frequently any given respondent reported an employment trend 

equal to its hires and separation flow. More importantly, this respondent-level data can be 

summarized by industry and over any time period. 



 

 

 

3. Why doesn’t employment trend equal hires and separations flow on a 

monthly basis? 

As stated in the introduction, there a number of factors that prevents the employment 

trend and the net flow of hires and separations from equilibrating on a monthly basis. 

This section will attempt to elaborate upon what those factors are and why the 

equilibration will not occur. 

Employment in JOLTS is a stock measure taken during the pay period that includes the 

12th of the month. The employment trend is, therefore, the difference between two stock 

measures. The figure below illustrates an example of the specific time points used to 

measure employment trend: the employment trend is the employment from January 8th to 

January 14th subtracted from the employment from Feb 12th to Feb 18th. 

 

In contrast, JOLTS hires and separations data is a flow measure over the course of a 

given month. The figure below illustrates the specific time points used to measure hires 

(or separations) flow: the hires (or separations) flow is measured from February 1st to 

February 29th. 



 

 

 

 

 
 

Thus employment trend and hires and separations flow do not occur over precisely the 

same time period. The employment trend in this example can be accounted for by hires 

and separations that occur over the time period of January 8th to February 18th. However, 

the actual hires and separations monthly estimates are measured from February 1st to 

February 29th: the hires and separations that contribute to the employment trend from 

January 8th to January 31st (period in black below) are not included in the current hires 

and separations estimate. Those hires and separations that occur during the period 

February 19th to February 29th (the period in green below) are included in the current 

hires and separations estimate but do not contribute to the employment trend in question. 

 

 

 

On a monthly basis, the time period of employment trend for a given respondent is not 

the same time period for hires and separations flow, with the exception of establishments 

with monthly payrolls. Consequently, these two measures may diverge during that time 



 

 

 

period. In addition, the JOLTS hires and separations concept is qualitatively different 

from employment. The employment data represents the number of employees that were 

employed during the pay period of the 12th of the month. If the employee is not on the 

payroll even in the case that relationship between employee and employer remains 

unchanged, then that employee may not be included in the employment total. 

Employment is not dependent on the relationship between employer and employee but 

rather depends on whether the employee is paid. In contrast, hires and separations as 

measured by JOLTS are based exclusively on the relationship between employer and 

employee. The initiation of the relationship between employer and employee is termed a 

hire and the termination of the relationship between employer and employee is termed a 

separation. 

The classic example of where this qualitative difference between employment and hires 

and separations regularly occurs is in public schools. During the summer recess there are 

many educational support staff personnel (bus drivers, cafeteria workers, janitors, etc.) 

who are dropped from the school payroll in June (and consequently are not included in 

the monthly employment reported by the school during the recess period) and then return 

to the payroll in the fall. However, the relationship between the support staff and school 

remains unchanged, that is, there has not been a hire or separation. Thus there is a 

reported decrease in employment by the school in June and an offsetting increase in 

employment in September. This creates disequilibrium between employment trend and 

hires and separations flow during the summer that is only resolved with the end of 

summer recess in September. 

Thus it is likely that macro-level employment trend will not equilibrate with macro-level 

hires and separations flow on a monthly basis. Only over time, at the micro and macro 

level, should employment trend equilibrate with hires and separations trend. Stated in 

another way, there is an expectation that the monthly disequilibrium should be symmetric 

about zero: from the example alluded to above, the disequilibrium brought about when 

educational support staff drop from the payroll in June should be symmetrically offset by 

the disequilibrium brought about when the same educational support staff returns to the 

payroll in September. 
 

4. JOLTS reported data 
 

There were over 1 million JOLTS records that meet the criteria as laid out in the 

Methodology section. Below is a summary (Total Non- Farm) of the un-weighted 

reported JOLTS data with respect to employment change, hires and separations: 

Table 1. JOLTS Reported Data (Total Non Farm, Dec 2000 to Dec 2012) 
 

N Reporters: 1,075,180 

Net Reported Employment Change: -321,065 

Total Reported Hires: 14,434,044 

Total Reported Separations: 13,187,632 

Total Reported (Hires – Separations): +1,246,412 



 

 

 

 

 

It can be seen from the data above that the reported employment trend is in 

disequilibrium with hires and separations flow during the period of December 2000 to 

December 2012: the net reported employment change is negative (-321,065) while 

reported hires minus separations is positive (+1,246,412). There are three major possible 

logical explanations for this disequilibrium: 

1) An excessive number of reported hires have been reported by JOLTS 

respondents relative to reported employment change. 

2) An insufficient number of reported separations have been reported by JOLTS 

respondents relative to employment change. 

3) A combination of the two explanations above. 

The internal divergence of a given establishment or group of establishments (i) at time t 

is defined as: 

- ௧ǡ݉ܧܧ( - )௧ǡܧ݉ܧ݉ܧ - ௧ǡ݉ܧܧܧܧܧ( =௧ǡ݉ܧܧݒ݉ܧܧ݉ܧ݉ܧ݉ܧ ݉ܧܧݒ݉ܧܧܧ݉ܧ݉ܧ݉ܧ݉ܧ 

 (ǡ௧ି ଵ݉ܧܧ
 

Positive internal divergence occurs when and is consistent with the logical explanations 

above: 
 

)ଵି ௧ǡ݉ܧܧ - ௧ǡ݉ܧܧ( > )௧ǡܧ݉ܧ݉ܧ - ௧ǡ݉ܧܧܧܧܧ( 

 
 

Below is the analysis of un-weighted reported JOLTS data with respect to employment 

change, hires and separations at the major industry level. 
 



 

 

 

 

 

At the industry level, with one minor exception, internal divergence is positive. 

Below is the analysis of un-weighted reported JOLTS data with respect to employment 

change, hires and separations by reported employment size: 

 
 

 
For every reported employment size class internal divergence is positive. 

 

Below is the analysis of un-weighted reported JOLTS data with respect to employment 

change, hires and separations by reporting year: 

 

 

 
Once again, for every year of the survey, internal divergence is positive. The tables above 

all demonstrate that in the overwhelming number of cases that the net reported 

employment change is less than reported hires minus separations—as it would be if an 

insufficient number of reported separations or an excess of hires have been reported by 

JOLTS respondents relative to employment change. JOLTS reporters have under- 

reported separations or over-reported hires by approximately 1.6 million over the course 

of the JOLTS survey thus severely compromising the ability of JOLTS hires minus 

separations to equilibrate to JOLTS reported employment. This lack internal “internal 

consistency” within JOLTS in turn compromises the ability of JOLTS hires minus 
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separations to track CES employment change. Internally inconsistent reported JOLTS 

hires and separations data is a prime cause of the JOLTS-CES divergence. 

Further study of respondents is needed to determine to what extent under-reporting of 

separations occurs relative to over-reporting of hires. Further study is also necessary to 

pinpoint the reasons for the respondents to systematically report data without internal 

consistency. 
 

5. JOLTS Imputation 

The JOLTS is based on a multivariate sample ( x1 , y1 ) … ( xn , yn ) with observed item 

values (such as hires, separations, etc.) y1 ,..., yr (survey respondents), missing 

yr 1 ,..., yn (item   non-respondents),   and   observed  reported   employments x1 ,..., xn . 

JOLTS uses a Nearest Neighbor Imputation (NNI) algorithm that imputes missing y j by 

y 
( ) * x j 

xi 

, where 1  i  r 

 

and i is the missing neighbor of j as measured by the x 

variable, such that i satisfies x  x j  min1k r xk  x j within imputation class. That 

is, what is borrowed from the nearest donor within the imputation class is the ratio of the 

nearest donor item to nearest donor employment multiplied by the non-responding 

recipient employment. Imputation recipients use the same donor for all missing item 

values. If we consider hires as y and separations as z then the NNI imputes missing y j 

by  ( 
yi

 

xi 

) * x and imputes missing z by ( 
zi

 

i 

) * x j . 

In this approach, it is reported employment ( x ) that is being used to determine the 

nearest neighbor. However, is the mere level of employment of a donor or recipient 

appropriate for imputing hires or separations (or both) of the recipient? Consider the case 

of a donor establishment with a reported employment of 50 with that of a recipient within 

the same imputation class with a reported employment of 50. The fact that both the donor 

and recipient have similar static employment does not carry any information about the 

dynamics of that employment for either recipient or donor. The donor may be sharply 

contracting while the recipient could be sharply expanding. In such a situation, would the 

sharply contracting donors’ hires to employment ratio and separations to employment 

ratio be a good fit for the expanding recipient? It likely would not be. 

A direct comparison may be made between reported and imputed records with respect to 

employment trend and hires and separations. The internal divergence will again be used 

for illustrative purposes: a 0 value for internal divergence for a reporting unit indicates 

that the employment change and hires minus separations value are equivalent. The larger 

the magnitude of the internal divergence, the less the reported employment change fits 

hires and separations. Below is a comparison between reported records (employment 

change reported, hires and separations reported) and imputed records (employment 

change reported, hires and/or separations imputed): 
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Table 5. Internal Divergence: Reported vs. Imputed 
 

 

Internal Divergence Percent Reported (n=1,075,180) Percent Imputed 

(n=143,389)   

0 51% 7% 

 1 58% 18% 

 5 79% 39% 

10 88% 52% 
 
 

Irrespective of size, over 50% of reported records have a 0 internal divergence indicating 

a perfect match between employment change and reported hires minus separations. The 

imputed records fit poorly in comparison with the reported. 

This paper suggests a hybrid approach that retains elements of the current approach while 

incorporating the fact that, in a large number of cases, reported employment change 

equals reported hires minus reported separations. The suggestion, where both hires and 

separations need to be imputed and the reported employment change is known of an 

imputation recipient, is to use the current approach to impute one element (hires or 

separations) and to solve for the other using the reported employment change. More 

precisely, if the employment changes were negative: then impute hires as usual and solve 

for separations. If the employment change were positive: then impute for separations and 

solve for hires. 

If we consider hires as y and separations as z and the reported JOLTS employment 

change ( empt  empt 1 ) = φ then: 

when φ  0 

 
NNI would impute missing 

 
When φ > 0 

y by ( 
yi 

i 

 
) * x j and imputes missing 

 
z j by y j  


NNI would impute missing z by ( 

zi 
i 

 
) * x j and imputes missing 

 
y j by 

 

z j  





Whenever reported employment change is unknown or the recipient record is a partial 

imputation, then the current approach would still be used. This would enable the imputed 

records to more closely resemble reported records with respect to the relationship 

between reported employment change and hires minus separations. 

6. JOLTS Sample Rotation 
 

The preceding sections of this paper have demonstrated that JOLTS reported employment 

change fails to equilibrate to reported hires minus separations due to insufficient 



 

 

 

reporting of separations or a surplus of hires. In addition, the current JOLTS imputation 

algorithm has a tendency to provide imputed hires and separations that are not likely to 

match the employment change of imputation recipients. There is one further aspect of 

JOLTS estimation that is likely to add to the disequilibrium between employment change 

and hires minus separations: sample rotation. Each month, a non-certainty segment of the 

JOLTS sample is rotated out of estimation while an equally sized sample segment is 

rotated in. However, there is no way of insuring that the employment changes of the 

sample being rotated out is identical or approximates the employment changes of the 

sample being rotated in. 

To quantify the extent of sample rotation, the following graph details the number of 

respondent records from Dec 2000 to December 2012 that were imputed, non-imputed 

but reported consecutive months, and non-imputed but did not report in consecutive 

months: 

Table 6. JOLTS Record Types 

 

Type of Record Percentage of Records 

Imputed 12.12% 

Non-Imputed Consecutive 82.30% 

Non-Imputed Non-Consecutive 5.58% 

 
The number of records affected by sample rotation is not large (approximately 5% since 

the non-imputed, non-consecutive also includes intermittent respondents). However, the 

fact that there is nothing methodologically that can be done to ensure that the 

employment change profile of sample rotated out approximates the employment change 

profile of sample rotated in suggests that some non-trivial amount of disequilibrium may 

occur as a result of sample rotation. 

 
 

7. Using CES Employment Change as a JOLTS Hires minus Separations 

Benchmark 

The employment analyzed in the previous sections was JOLTS reported employment. In 

JOLTS estimation, this reported employment estimate is ratio-adjusted to the Current 

Employment Survey (CES) employment estimate. This is done since the CES 

employment estimate is estimated using a substantially larger sample than is the JOLTS 

employment estimate. The CES estimate, as a consequence, has a substantially lower 

employment variance than does its JOLTS counterpart. To help quantify the magnitude  

of the effect of the difference in employment variance between CES employment and 

JOLTS un-benchmarked employment, the mean monthly absolute employment change of 

CES Employment at the Total Non Farm level was approximately 899,000 from 

December 2000 to December 2012 while for the JOLTS un-benchmarked employment 

estimate the mean monthly absolute employment change was approximately 1,362,000 

(or about 52% greater). 



 

 

 

Since the CES provides a lower monthly employment variance than does JOLTS then it 

stands to reason that the CES provides a superior estimate for employment change. Since 

JOLTS hires and separations flow should approximate employment change in the long 

run and CES provides the superior estimate of employment change, then it follows that 

JOLTS hires and separations flow in the long run should be benchmarked to CES 

employment change. Consequently, JOLTS has adopted an alignment procedure that 

does, in effect, precisely that. 

The alignment procedure developed by JOLTS to correct the divergence between CES 

employment change and JOLTS hires and separation trend benchmarks JOLTS hires and 

separations to CES employment change estimates by manipulating hires and separations 

levels such that the annual seasonally adjusted CES employment trend approximates the 

annual JOLTS hires and separation trend. Seasonal factors are removed from the aligned 

seasonal series to create a non-seasonal aligned series. This allows for the preservation of 

JOLTS seasonal patterns in the JOLTS hires and separations non-seasonal series. 

Although, as seen in this paper, JOLTS reported employment change does not equilibrate 

with reported hires and separations flow due to reporting, imputation, and sample rotation 

this deficiency is reasonably removed by benchmarking JOLTS hires and separations to 

CES employment change through the alignment procedure. 

8. Conclusion 
 

This paper empirically compared the theory that reported employment trend in the 

JOLTS series should equilibrate over time with JOLTS hires and separations trend with 

actual reported JOLTS data and has shown conclusively that theory does not match 

empirical practice. There is strong evidence to conclude that JOLTS reporters 

systematically under-report separations or over-report hires and that this lack of internal 

consistency is a prime causal factor in the JOLTS-CES divergence. The current JOLTS 

imputation approach and the level of monthly sample rotation contribute to the 

disequilibrium as well. This paper suggests an improvement to the JOLTS imputation 

approach and concludes that the JOLTS alignment procedure is an adequate and 

reasonable approach that mitigates the disequilibrium. 
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