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Abstract

This research note investigates the applicability of the Euler equation to estimate convex adjustment
costs for dynamic labor adjustments. It is well established that there are convex adjustment costs for
capital investment. However, observations of labor adjustments suggest that there are also convex ad-
justment costs for labor employments. The objective of this research is to estimate the convex adjust-
ment costs. There are six parameters in a theoretical model, and this study estimates three of them
that are associated with the Euler equation. The estimation is actually to solve a system of three non-
linear equations. This research note is primarily based on Dennis and Schnabel (1996) and Kelley
(2003). Both books contain detailed discussions of programming as well as mathematics related to nu-

merically solving systems of nonlinear equations.
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1. Theoretical Model

A firm adjusts its labor employment every year. It hires two types of workers. One type is regular
workers and the other is nonstandard workers. Adjusting the number of regular workers, /, incurs con-
vex adjustment costs, while adjusting the number of nonstandard workers, #, is free of adjustment costs.
The production function and the output demand are, respectively, Cobb-Douglas and iso-elastic. Then,
the firm’s problem becomes the following:

ViZo b= max B3 BRG Ln) - Wl -AG L @

I, pn
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where V, R, W, A and 8 € (0, 1) are, respectively, the value function, the revenue function, the total

wage, the convex adjustment costs, and the discount factor. The functions, R, W, and A are the follow-

ing:
R (Z, I, n) =Z K:(l.+¢n), C+r<1) @
W, n) =wil+ w,n, w.<w, $<w./w) 8))
_ ls+1 - ls £
A, L)=C T Iy, @

where Z, K, w, w,, and ¢ are, respectively, a stochastic coefficient, the level of capital stock, the wage
rates for regular and nonstandard workers, and the relative productivity of nonstandard workers to regu-
lar workers. There are six parameters : 0 = (£, 7, ¢, C, &, w)

Because nonstandard workers can be adjusted without adjustment costs, the optimal number of

nonstandard workers can be written as follows:

n*=max{0,¢1}{(7¢ZK§>11’—lH ®)

Wy

Thus, the optimal employment of nonstandard workers is a function of variables Z and /. Entering the

optimal employment of nonstandard workers into the functions R and W yields the following:

CEITHED SRR PR P
RZ 1, -W(,n=a@Z, D=1 7¢ w, ¢ 6
ZK1"— wi ifn*=0.
Then, equation (1) can be rewritten as follows:
VIZ,il=max {r (Z,1,1) +BEV [Z°,I']}. )
1

where 7 is the reward function, » (Z,1,1) = (Z,1)—A (I, "), and the prime (") indicates the value
of the next period. Equation (7) is the theoretical model or the Bellman equation for dynamic labor
adjustments.

Solving equation (7) yields the policy equation ["(Z, 1), as well as the value function V. With the
policy function, the estimated values of the labor adjustment rate, (I"—1)/I, become computable. The

conditionally expected value of residuals, #, is zero, i.e.,

Elu@) |1, 21=0 Whereu(é)El,l_l— "(Z”l‘ n-t ®
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When there are no analytical solutions of the Bellman equation, researchers would resort to numerical
solutions of it, either value function iterations or policy function iterations.

The maximization of equation (7) also yields the Euler equation as the first order condition of
maximization. The Euler equation has an advantage over the Bellman equation because it is analytically

computable. The Euler equation can be written as follows:

or (1,1, Z; 9) ar 1,17,Z;0)7 _
2 g, [0 <, ©
where
7= |5 s . 7= L ‘l”_l,‘ 0 w, ] )
- c‘—l, e szgn(—l, Ji"-0 - vl ¢) if n”>0
or (117,72 0) =
al; l//_l/ -1 s » l»_l/ . ‘l»_l/‘ , et . .
c‘—l, e szgn(—l, J1'-o - vz e i =0
ar ,1,2;6)_ . (-1 {l’—l 1
and — a 51gn(7l )£C e 17
Then, the following conditional expectation holds:
Elw(,1,17,Z,2:0)11,Z]1=0 (10)
where v(,1’,1",Z,Z"; )= r(l,all,’Z, €)+BEz[ar (l’;liz’ﬁ)] The variables [” and [” are re-

spectively replaced by the policy function ["(Z, ) and {”(Z", 1) =i"(Z", [").

2. System of Nonlinear Equations

Equations (8) and (10) yield orthogonality conditions and the following zero expectations:

Elu]l=0
Ellu]l=0
E[Zul=0
11
Ev]=0
El[lv]=0
E[Zv]=0.

Or,m @)= (Elu], Ellu], E[Zu], E [v], E[Iv], E[Zv])"=0. Equation (11) 's system of six nonlinear
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equations just identifies six parameters. Empirical researchers replace the expectations with the sam-
ple equivalents, and employ the Generalized Method of Moments (GMM) to estimate the parameters,
6. The GMM estimation is to minimize the quadratic form of the moments, s, with a symmetric, posi-
tive definite weighing matrix W, i.e., minimizing J=m"Wm. However, the local minimum of / may not
be equal to zero, i.e., m *+ 0. This research note pursues m =0, or the global minimum of / with the
identity matrix replacing W. If its Jacobian matrix, dm (6)/0 0, is block diagonal, the numerical solution
of equation (11) may be easier.

The strategy that the research note pursues is, therefore, to divide equation (11) into two subsets.
In addition, the parameters are also split into two subsets, i.e., .= (&, 7, ¢) and 6:= (C, &, w). The
first subset of the moments is that of orthogonality conditions for the residuals, #, and the second sub-
set of the moments is that for the Euler equation, v, i.e., n; (0, 6:) = (E[u], E[lu] and E[Zu]) and
me (01, 0) = (E[v], E[lv] and E [Zv]). The first subset consists of revenue function parameters, and
the second contains parameters of convex adjustment costs. Then, the research note applies the Gauss-
Seidel procedure, which is one iterative method for solving the system of equations. The Gauss-Seidel
procedure is usually applied to a system of equations on the single-equation base. The research note,
however, applies the procedure on the block-of-equations base. The first step of each iteration simulta-
neously solves m.=0 for 8, with 8, given. Then, the second step simultaneously solves n; =0 for 6,
with the solution of 4 derived from the first step. The procedure repeats these steps until the solutions
of m,=0 and m,= 0 converge. However, the research note deals only with the first step in evaluating
the Gauss-Seidel procedure on the block-of-equations base.

The first-order Taylor approximation of the function . around its solution, 85", is the following:
(92*%(92 _] (02) _17%2((92) (12)

where the function J is the Jacobian matrix. Then, modifying equation (12) yields Newton’s method

for numerical solutions:
05=05" = J (65") "'m.(65"), 13)

where (7) indicates the i-th order of the iterations. The research note sets the Newton direction, s(4Y),
identically equal to the second term normalized by the /-2 norm, i.e., s(65)= —J (65°) 'm:(65) /
| / '.m. |.. The research note then multiplies the Newton direction by a step size, 4, so that equation

(13) becomes the following:
65 =09 + A (6) (14)
The step size varies from about one thousandth to about one tenth, and the best one is chosen such
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Table 1. Newton's method
(1) Case 1: £=0.525. y =0.375, ¢ =0.2475

C & w E[v] E[W]/E(l] | EIZvl/E[Z] | Sum of Sq.
6 1.15 0.112 —0.19586 0.00721 —0.14970 0.06082
6.77513 1.00803 —0.02593 —0.14920 —0.05669 —0.11361 0.03838
10.17235 1.08030 —0.14265 —0.04384 —0.00702 0.03963 0.00334
10.18735 1.08002 —0.14238 —0.04426 —=0.00707 0.03642 0.00334
10.40696 1.07300 —0.15338 —0.04224 —0.00871 0.03829 0.00333
10.62649 1.06061 —0.16070 —0.04468 —0.01648 0.03420 0.00330
10.62869 1.06070 —0.16071 —0.04465 —0.01162 0.03425 0.00330
Remark: The iteration was terminated because the improvement in the sum of squares is below 107°.
(2) Case 2: £=0.475. 7y =0.425, ¢ =0.25
C & w E[v] E[W]/E(l] | EIZv]l/E[Z] | Sum of Sq.
5 11 0.0 —0.00608 0.05355 0.05430 0.00585
7.76841 0.78556 —0.27754 —0.02137 0.06277 0.02174 0.00487
Remark: The iteration was terminated because there was no improvement in the sum of squares.
(3) Case 3: £=0.525. y =0.425, ¢ =0.2525
C & w E[v] E[W]/E(l] | EIZvl/E[Z] | Sum of Sq.
7 1.1 -0.1 —0.01090 0.02057 0.05652 0.00374
8.39440 1.00109 —0.17666 —0.01664 0.00322 0.04203 0.00205
8.39255 1.00001 —0.17686 —0.01683 0.00304 0.04167 0.00203

Remark: The iteration was terminated because the Jacobian matrix is not invertible.

that it yields m. closest to zero.
When an increment of 6., AG.= As (@), improves the numerical solution, the following condition

must hold:

709+ A0)=F(69) + 8%: AG<f (69 (15)

for some measure of performance f. When the measure is the square of the /-2 norm, i.e., the sum

of squares, the equation (15) becomes the following:
ms(09)" J (09)A0<0. (16)

Equation (16)may not hold, however, because of truncation errors or other errors in the numerical so-

lutions.
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Table 1 shows three examples of Newton’s method. For all cases, the values for the parameters,
¢, 7, and ¢, are chosen such that they show E[«#]~0. Every case is terminated with the sum of squares
or the measure of performance at the 10~ order. The termination criterion is usually the order of 10°°.
In other words, the iterations of Newton’s method are prematurely terminated.

Table 1 also shows that when the sum of squares is small at the initial step, the required steps
to reach the termination are also small. This is usually the case. In case (3), the Jacobian matrix becomes

singular so that it is not invertible. Here, 0 E [v]/0 C =0E [v]/0£ =0 E [v]/dw =0.

3. Further Research

This research note shows that the iterative method estimating 8. by Newton’s method and the
Gauss-Seidel procedure prematurely terminated. This section briefly discusses possible further research
strategies.

When the Jacobian matrix is nearly singular, Newton’s method is not applicable. In such a case,

researchers can employ the following correction:
AG =alJ (09)T 09 + I} (69) 'm=(65) 16)

where @ and p are appropriate constants and [ is the identity matrix.

Even though Newton’s method for m,= 0 is prematurely terminated, the Gauss-Seidel procedure
may still be applicable when the iteration is far from the solution.

Although the Gauss-Seidel procedure for the block diagonal Jacobian matrix is unproductive, a

numerical solution of some kind may be applicable to the entire system of six nonlinear equations.

Note

1) Please do not quote.

References

Adda, Jérome and Russell Cooper, Dynamic Economics, MIT Press, 2003.

Asano, Hirokatsu, “Estimation of Convex Adjustment Cost for Capital Adjustments,” mimeograph, 2013.

Cooper, Russel W. and John C. Haltiwanger, “On the Nature of Capital Adjustment Costs,” Review of Economic
Studies, Vol.73, pp.611-633, 2006.

40



Estimating Convex Adjustment Costs for Dynamic Labor Adjustments

Dennis, J. E., Jr. and Robert B. Schnabel, Numerical Methods for Unconstrained Optimization and Nonlinear
Equations, SIAM, 1996.

Fletcher, Roger, Practical Methods of Optimization, 2"edition, John Wiley & Sons, 1987.

Judd, Kenneth L., Numerical Methods in Economics, MIT Press, 1998.

Kelley, C. T., Solving Nonlinear Equations with Newton’s Method, SIAM, 2003.

Rust, John, “Optimal Replacement of GMC Bus Engines: An Empirical Model of Harold Zurcher,” Economet-
rica, Vol.55, No.5, 1987, pp.999-1033.

Ministry of Economy, Trade and Industry, “Basic Survey of Japanese Business Structure and Industry,” vari-
ous years.

Ministry of Health, Labour and Welfare, “Monthly Labour Survey,” 2007.

41




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


