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Abstrat
In the �rst hapter, by introdution of output augmentation and input redution I extendadditive models for stohasti data envelopment analysis (SDEA), whih were developedby Li (1998) to handle the noise in the data. Applying the linearization proedure by Li(1998) the linearized versions of models are derived. In the empirial part of this hapter,the e�ieny sores of West Java rie farms are omputed. The omputed sores areompared to the stohasti frontier approah sores by Druska and Horrae (2004) andweak ranking onsisteny with results of stohasti frontier method is observed.The objetives of the seond hapter are to evaluate tehnial and sale e�ieny ofrie farms in West Java and to identify determinants a�eting farms' e�ieny. Further,the farm size�produtivity relation is investigated. Data Envelopment Analysis is usedfor estimation of tehnial e�ieny sores. Additionally, Tobit regression is used toexplain the variation in the e�ieny sores by farm�spei� fators. I onlude that thefarm size is one of the most important fators of farm tehnial e�ieny and that highland fragmentation was the main soure of farm ine�ieny during the �nal period ofintensi�ation era, known as Green Revolution.In the last, hapter I examine maroeonomi stability and the properties of businessyles in the model with an announed hange of the monetary regime type. Further, Isolve for the optimal monetary poliies over the transition towards the pegged exhangerate with respet to alternative loss funtion spei�ation for the monetary authorityand to transition length. The subjet of my study is the Czeh Republi. The resultsof alibrated experiment show that monetary poliy should be more onerned aboutdemand type shoks when announing a swith towards the exhange rate peg.
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Introdution

This work ollets three appliations of mathematial methods that overs operationsresearh, development and monetary eonomis.The �rst hapter is foused on the theoretial development of the models used in theoperations researh. Results of data envelopment analysis sensitively respond to stohas-ti noise in the data. Therefore, I propose an inlusion of the stohasti fator in theoriented model for the non-parametri method of the prodution frontier estimation, knowas the Data Envelopment Analysis. Further, the results obtained the with the stohastiversion of oriented models are ompared to results of stohasti frontier method.The seond hapter presents the results of the e�ieny analysis of the rie farmsin the West Java. Using the ombination of non-parametri and parametri methods,I identify the size of the farming plot as an important fator of the rie farming. Thisanalysis shows that the merging of the plots may be bene�ial for inrease of the output.In the third hapter, I propose a theoretial framework for modeling of the announedswith of the monetary regime. In this hapter, the analyze the synhronization of thebusiness yles over the transition period. Also, an optimal poliies for the various lengthsand spei�ations of monetary authority loss funtion are omputed.
1
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Chapter 1Oriented stohasti data envelopment models

Data envelopment analysis (DEA) involves an non�parametri priniple for extratinginformation about observations of a population of prodution mixes, so alled deisionmaking units (DMUs), that are desribed by the same quantitative harateristis. Theprimary objetive of this hapter is to extent the work of Huang and Li (2001) and Li(1998) on additive stohasti DEA models (SDEA) by derivation of SDEA models thatallow for proportional input redution and output augmentation � oriented SDEA models.The empirial part of this hapter is motivated by Horrae and Shmidt's (1996) om-parison of methods and by Mortimer's (2002) onlusion, that more omparative studiesfor the DEA and stohasti frontier approah are needed to evaluate the onsisteny ofresults with respet to method hoie.Data envelopment analysis, developed by Charnes, Cooper, and Rhodes (1978), in-volves an alternative approah to stohasti frontier analysis (SFA) that was developed atthe same time by Aigner, Lovell, and Shmidt (1977), for e�ieny evaluation of the dei-sion proess observations. The DEA approah is a nonparametri approah to produtionfrontier estimation and requires spei�ation of the prodution possibility set propertiesrather than the prodution funtion form that is required when the stohasti frontierapproah is used. In ontrast to parametri approahes for information extration, theobjetive of the DEA is to identify the smallest set that satis�es prodution possibilityproperties.The general model of prodution funtion is de�ned as: yj = f(xj , β) + ej , where xjrepresents inputs, β unknown parameters of prodution funtion f(xj , β) and yj repre-3



sents output of the DMUj. The aggregate error term ej is onsidered as extent of inef-�ieny in the DEA approah. In the SFA approah [e.g. Aigner, Lovell, and Shmidt(1977); Meeeusen and van den Broek (1977)℄ the error omponent ej is deomposed intoa stohasti random omponent and a true tehnial e�ieny omponent. Therefore,together with the extreme point nature of the DEA, the noise in data may lead to biasin the DEA tehnial e�ieny measure. The dilemma of the e�ieny evaluation ap-proah depends on the trade o� between the minimal spei�ation of prodution funtionform that favors the DEA approah and the handling of stohasti error in measuringe�ieny that favors the SFA approah. To ompete with the SFA in error handling, thestohasti data envelopment analysis (SDEA) approah was developed by onsidering theused levels of inputs and outputs as random variables in the DEA model spei�ation.The theoretial part of this hapter extends the work on derivation of almost 100%on�dene SDEA models by Li (1998) and Huang and Li (2001) by spei�ation of theperformane improvement diretion, so alled model orientation. Further, assumptionsto simplify the disturbane struture are taken and using linearization methods the lineardeterministi equivalents of these models are derived. This is utilized in the appliationsetion where it allows for the use of the linear programming method to solve SDEAproblems. These SDEA results are ompared to SFA results, so the onsisteny of resultsaross frontier estimation methods an be assessed.The following literature review setion presents details of the motivation for the SDEA.In the seond and third setion, notation and de�nitions used to onstrut SDEA modelsare presented. Subsequently, the derivation of Huang and Li's (2001) additive modelsis summarized and in the �fth setion I introdue input redution and output augmen-tation diretions for e�ieny measure de�nition. In the sixth and following setions, Iderive oriented models and their linearized forms. The ninth setion desribes numerialmethods used to solve derived linearized versions of the oriented SDEA models. In thetenth setion, I evaluate the SDEA, DEA and SFA e�ieny sores onsisteny assessingthe results of the Indonesian rie farms e�ieny evaluation, as in Horrae and Shmidt(1996). The omparison of methods reveals inonsisteny between e�ieny rankings a-quired by the SFA approah and SDEA approah. All �gures and tables that I refereneto, are inluded in the appendix. 4



1.1 Literature reviewAs Charnes et al. (1994) explain in their introdution, the story of data envelopmentanalysis began with Edwardo Rhodes's dissertation, whih was the basis for the laterpublished paper by Charnes, Cooper, and Rhodes (1978). In his dissertation, Rhodes usedthe prodution e�ieny onept by Farrell (1957) to analyze the eduational programfor disadvantaged students in the USA. Rhodes ompared the performane of studentsfrom shools partiipating and not partiipating in the program. Students' performanewas reorded in terms of inputs and outputs, e.g. �inreased self�esteem� (measured bypsyhologial tests) as one of the outputs and �time spent by mother reading with hild�as one of the inputs. The subsequent work on e�ieny evaluation of multiple inputs andoutputs tehnology led to Charnes, Cooper, and Rhodes's (1978) model (CCR model).The introdued CCR model is suitable for analysis of the tehnologial proess underthe onstant returns to sale assumption. This fat is re�eted in the shape of theprodution possibility frontier when the frontier is formed by a single half�ray and theDMU identi�ed as e�ient is an element of the prodution possibility frontier set upby this half�ray. To handle the variable returns to sale, introdued by Farrell andFieldhouse (1962) in the SFA framework, the CCR model was reformulated by Banker,Charnes, and Cooper (1984) (BCC model). Sine the prodution possibility frontier ofthe BCC model is a pieewise linear set, they de�ned weak e�ieny (a weakly e�ientDMU has nonzero slaks) and e�ieny (an e�ient DMU has zero slaks). To reviewthe DEA models Table 1.1 summarizes a generalized versions of the aforementioned DEAmodels. The generalized versions of the DEA models ollapse to the CCR model (onstantreturns to sale) for ϕ = 0 and for ϕ = 1 it mathes the form of the BCC model (variablereturns to sale).As many appliations suggest, the apability of handling multiple inputs�outputs andthe fat that the spei�ation of prodution funtion form is not required, make theDEA a powerful tool that is applied in various industries [e.g. in air transportation,Land, Lovell, and Thore (1993); �shing, Walden and Kirkley (2000); banking, �ev£ovi£,Haliká, and Brunovský (2001); health are, Byrnes and Valdmanis (1989) where 123US hospitals were overed; and in Halme and Korhonen (1998) dental are units wereassessed℄ for tehnial e�ieny evaluation. The expanding number of papers using theDEA approah helped to identify the limitations that an analyst should keep in mindwhen hoosing whether or not to use the approah.5



It is worth noting that the DEA approah performs very well when estimating the�relative� e�ieny but it is not suh a powerful tehnique when estimating �absolute�e�ieny. In other words, the DEA reveals how well the onsidered DMU is doingompared to the DMU's peers but not ompared to a �theoretial maximum�. Figure1.1 illustrates this situation as the di�erene between the true prodution frontier andthe estimated prodution frontier. This di�erene results from the analyst's limitation inknowledge of the true prodution funtion.A more remarkable limitation originates from the extreme point nature of the DEAapproah whih makes omputed tehnial e�ieny measure sensitive to hanges indata. Therefore, noise (even symmetrial noise with zero mean) suh as measurementerror an ause signi�ant problems. The literature on reent developments for noiseinorporation in the DEA identi�es three approahes: mixture of the DEA and SFAapproahes, bootstrapping, and taking inputs and outputs as random variables.Gstah (1998) proposes using the DEA tehnique to estimate a pseudo�produtionfrontier (non�parametri prodution possibility set estimation) to selet the e�ientDMUs that identify the prodution possibility frontier. After this seletion, he applies amaximum likelihood�tehnique to estimate the salar value in prodution frontier form,by whih this pseudo�frontier must be shifted downward to get the true prodution fron-tier (frontier loation estimation), using the DEA�estimated e�ienies. Simar (2003)desribed the iterative bootstrapping method for improving the performane of the de-terministi DEA frontier estimation. However, this bootstrapping approah is suitableonly for ases where noise to signal ratio is low.In this hapter, I fous on the approahes were the noise is introdued by onsideringDMUs as realizations of random variables. These theoretial attempts are based on Land,Lovell, and Thore's (1993) paper, where the authors use improved models to examine thee�ieny of the same shooling program for disabled sholars as in Charnes, Cooper,and Rhodes (1978). Land, Lovell, and Thore (1993) o�er the prospet of stohasti dataenvelopment analysis and onstruted their own model (LLT model). The LLT model isderived as a hane onstrained version of the BCC output oriented model in envelopmentform. Further, they transform these hane onstrained problems to their deterministinon�linear equivalents, whih allow them to determine the e�ient DMUs.Olesen and Petersen (1995) present a di�erent approah to inorporating the stohas-ti omponent into the DEA and their model (OP model) originates from the multiplierformulation of the BCC model. They assume that the ine�ieny term of the onsid-6



ered DMU an be deomposed into true ine�ieny and disturbane term as in the SFAapproah. Further, Olesen (2002) ompares the approahes of the models by Olesen andPetersen (1995) and Land, Lovell, and Thore (1993) and identi�es weaknesses of bothmodel types. The LLT model is ritiized beause it does not aount for all the orre-lations that an our in disturbanes. Olesen (2002) ritiizes the OP model beause itignores orrelations between DMUs. A related weakness is the omission of the fat that aonvex ombination of two DMUs an have a lower variane than the DMUs onsideredsolely. A straightforward remedy for the OP model is to take the union of on�deneregions for any linear ombination of the stohasti vetors themselves rather than usinga pieewise linear envelopment of the on�dene regions. Olesen (2002) implements thisidea and derives the ombined hane onstrained model.The approah that will be extended in this hapter, originates from work by Huang andLi (2001), where inputs and outputs are introdued as random variables and the relationof stohasti e�ieny dominane is de�ned. Huang and Li (2001) de�ne the e�ienydominane of a DMU via joint probabilisti omparisons of inputs and outputs withother DMUs whih are evaluated by solving a hane onstrained programming problem.By utilizing the theory of hane onstrained programming, deterministi equivalentsare obtained for both situations of multivariate symmetri random disturbanes and asingle random fator in prodution relationships. Under the assumption of the singlerandom fator, Huang and Li (2001) obtain linear deterministi equivalent to stohastiprogramming problems via linear programming theory. In this hapter, I propose theoriented form of the additive SDEA models derived by Huang and Li (2001). Further,by use of Huang and Li's (2001) linearization approah I linearize the proposed orientedSDEA models.In the empirial part of this hapter, I ompare the results of the di�erent methods toprodutivity evaluation as in Horrae and Shmidt (1996). This omparison is motivatedby Mortimer's (2002) omparative study of reent literature that summarizes the resultsfrom SFA and DEA studies to identify the amount of orrelation between sores in SFAand DEA omparative studies. Mortimer (2002) alls for more studies that will omparee�ieny sores orrelation aross prodution e�ieny approahes beause the presentomparative studies show either strong [e.g. Ferro�Luzzi et al. (2003)℄ or very weak[e.g. Lan and Lin (2002), Wadud and White (2000a)℄ orrelation of obtained e�ienyrankings.The major problems assoiated with solving the DEA models are the analysis of a7



large set of DMUs and interpretation of the optimal solutions with zero elements. Theanalysis of a large data set leads to large size optimization problems that an be ostly tosolve. The solutions that ontain many zero elements an make the results of the analysisquestionable beause the elements of optimal solutions are interpreted as shadow priesof inputs and outputs. Gonzales-Lima, Tapia, and Thrall (1996) present the primal�dual interior�points omputational methods as the methods that signi�antly improvethe reliability of the solution in omparison to simplex methods. The interior�pointsmethods maximize the produt of the positive omponents in the optimal solutions, sothey identify optimal solution with the minimal number of zero omponents. Due tothis property of the optimal solution it is easier to interpret the DEA models results.Therefore, as part of my theoretial work the interior point method solver is onstruted.
1.2 NotationIn this setion, the notation used to onstrut the oriented stohasti DEA models isintrodued. Additional notation will be introdued in the following setion to desribethe onsidered error struture. In ontrast to the deterministi approah to envelop-ment analysis, where DMUs are observations of deision realization, the DMUs in thestohasti approah are haraterized by random variables and the tehnology realiza-tions are observations of these random variables. The notation in this hapter oinideswith the notation usually found in data envelopment analysis literature [e.g. Charneset al. (1994),Cooper et al. (1998), and Huang and Li (2001)℄.1 The task is to analyzethe set of DMUj , where 1 ≤ j ≤ n. Eah of the DMUs is desribed by a random vetor
x̃j , x̃j = (x̃1j , . . . , x̃mj)

T of m input amounts (random variables) that are used to produe
s outputs in amounts desribed by random vetor ỹj, ỹj = (ỹ1j, . . . , ỹsj)

T . These vetorsare aggregated to matries of random vetors of inputs and outputs, so the followingmatrix notation will be used:1In this hapter, the random variables are denoted by˜and means of these variables are denoted byan upper bar. 8



matrix of inputs random vetors X̃ = (x̃1, . . . , x̃n)

ith row of �input� matrix X̃ ix̃ = (x̃i1, . . . , x̃in), i = 1, . . . , m

m× n matrix of expeted inputs X̄ = (x̄1, . . . , x̄n)

ith row of expeted �input� matrix X̄ ix̄ = (x̄i1, . . . , x̄in), i = 1, . . . , mmatrix of outputs random vetors Ỹ = (ỹ1, . . . , ỹn)

rth row of �output� matrix Ỹ rx̃ = (ỹr1, . . . , ỹrn), r = 1, . . . , s

s× n matrix of expeted outputs Ȳ = (ȳ1, . . . , ȳn)

rth row of expeted �output� matrix Ȳ rȳ = (ȳr1, . . . , ȳrn), r = 1, . . . , s.1.3 Stohasti e�ieny dominaneIn this setion, the e�ieny dominane relation and derivation of additive almost 100%hane onstrained models by Huang and Li (2001) is reviewed. These theorems andde�nitions form the basis for derivation of the oriented SDEA derived in the followingsetions.De�nition 1. General stohasti prodution possibility set T ⊂ Rm+s
+ is de�ned as:

T = {(x̃, ỹ) | outputs ỹ an be produed using inputs x̃}.2This de�nition of the stohasti prodution possibility set relates to random vetorsthat haraterize DMUs and it means that all DMUs are required to be an element ofthe stohasti prodution possibility set but not all observations of DMUs are requiredto be in the stohasti prodution possibility set. As mentioned in the literature review,the funtion form is not known, therefore the estimate of the prodution possibility setis identi�ed by the properties that the prodution possibility set should ful�ll.Almost 100% on�dene prodution possibility set T onstruted from the set ofDMUj, j = 1, . . . , n should ful�ll the following properties:Property 1. Convexity: If (x̃j , ỹj) ∈ T, j = 1, . . . , n and λ ∈ Rn
+, ⇒ (X̃λ, Ỹ λ) ∈ T.Property 2. Ine�ieny property: If (x̄, ȳ) ∈ T and x ≥ x̄, then (x, ȳ) ∈ T.If (x̄, ȳ) ∈ T and y ≤ ȳ then (x̄, y) ∈ T.Property 3. Minimum extrapolation: T is the intersetion of all sets satisfying onvexityand ine�ieny property and subjet to eah of the observed random vetors (x̃j , ỹj) ∈

T, j = 1, . . . , n.2Here, R+ means set of positive real numbers and 1 is olumn vetor of ones.9



From the �rst two properties follows that less output an be produed with the sameamount of inputs. This re�ets the situation when some portion of inputs is wasted inthe prodution proess. The parametri prodution possibility set Tϕ; Tϕ = {(x̃, ỹ) |

x̃ ≥ X̃λ, ỹ ≤ Ỹ λ, ϕ(1Tλ) = ϕ, λ ≥ 0}, where ϕ ∈ {0, 1}, satis�es all aforementionedproperties. T0 is the stohasti generalization of the prodution possibility set underthe assumption of the onstant returns to sale prodution funtion as used by Charnes,Cooper, and Rhodes (1978) in the derivation of the CCR model. Similarly, the stohastigeneralization of the prodution possibility set T1 will be used to derive models withvariable returns to sale as in a ase of the BCC model by Banker, Charnes, and Cooper(1984).The onept of e�ieny in the DEA (based on the following relative e�ieny de�-nition) is used to de�ne the α�stohasti e�ieny dominane.De�nition 2. Relative E�ieny: A DMU is to be identi�ed as e�ient on the basisof available evidene if and only if the performanes of other DMUs does not show thatsome of its inputs or outputs an be improved without worsening some of its other inputsor outputs.The e�ient point of the prodution possibility set is identi�ed if there is no otherprodution point that produes more output without onsuming more input, or onsumesless input without produing less output. This leads to the following e�ieny dominationde�nition of the prodution possibility set element:De�nition 3. E�ieny dominane relation: The point (x, y) is not dominated in thesense of e�ieny if ∄ (x∗, y∗) in the prodution possibility set suh that x∗ ≤ x or y∗ ≥ ywith at least one strit inequality for input or output omponents.This de�nition demonstrates the e�ieny onept of the DEA and is used to derivethe deterministi models with no possibility of a violation of the prodution possibility setproperties or e�ieny dominane. In the deterministi environment, the non�dominatedDMUs are elements of the prodution possibility set frontier. Figure 1.1 illustrates thissituation where the set of DMUs is divided into e�ient (DMU1, DMU2 and DMU3) andine�ient DMUs (DMU4 and DMU5). The e�ient DMUs � points that dominate ine�ieny the other elements of the prodution possibility set � are used to identify theprodution possibility frontier.In the stohasti framework, where e�ieny dominane an be violated due to ran-dom errors, the e�ieny dominane violations are allowed with the probability α, 0 ≤10



α ≤ 1. In hane onstrained programming methodology the term 1−α is interpreted asthe modeler's on�dene level and α is interpreted as the modeler's risk (the extent of on-ditions violations). In the almost 100% on�dene approah, the prodution possibilityonstraints are almost ertainly not violated and the e�ieny dominane an be violatedwith probability α. For the ase of the almost 100% on�dene hane onstrained ap-proah, Li (1998) and Huang and Li (2001) de�ne the α�stohastially e�ieny of pointas:De�nition 4. α�stohasti e�ieny of point in set Tϕ: (x̃∗, ỹ∗) ∈ Tϕ is alled α�stohastiallye�ient point assoiated with Tϕ ⇔ if the analyst is on�dent that (x̃∗, ỹ∗) is e�ientwith probability 1 − α in the set Tϕ.De�nition 4 means that point (x̃∗, ỹ∗), onsidered as α�stohastially e�ient maybe dominated (in the sense of e�ieny dominane) by any other point in Tϕ with aprobability less or equal to α. For the DMUj assoiated with this point this de�nition isused to evaluate the α�stohasti e�ieny of DMUj .This de�nition and the aforementioned properties of the set Tϕ straightforwardlyimply that for the e�ient DMUj and for any λj ∈ Rn
+ suh that ϕ(1Tλj) = ϕ, λ ≥ 0the expression Prob(X̃λj ≤ x̃j , Ỹ λj ≥ ỹj) ≤ α holds with at least one strit inequality ininput�output onstraints.To illustrate the DEA and almost 100% on�dene SDEA approah, Figure 1.1 illus-trates the relation of the deterministi frontier to the possible true prodution possibilityfrontier. The solid pieewise linear line is the possible true prodution possibility frontierand the dashed line is the DEA estimate of this prodution possibility frontier. In Figure1.2 the expeted values of DMUs (same values as the observations in Figure 1.1) are pi-tured and the set of α�e�ieny dominant elements is presented as a grey shaded area.A omparison of Figures 1.1 and 1.2 shows that for the almost 100% on�dene SDEAapproah, the deterministi prodution possibility set frontier is a subset of the stohas-ti possibility set frontier. Due to this fat more DMUs an be identi�ed as e�ienydominant in the stohasti framework than in the deterministi.1.3.1 Stohasti modelIn this subsetion, the derivation of the almost 100% on�dene hane onstrained prob-lem is reviewed. The reviewed stohasti model for assessing e�ieny of DMUj is theequivalent to the additive DEA model and serves as the basis for the further theoretial11



development of SDEA models. In the following subsetion, spei� assumptions aboutthe error struture in the data are made and the stohasti model is transformed into itsdeterministi equivalent.Now, from the set properties for the virtual peers (X̃λ, Ỹ λ) that are used for evaluationof e�ieny of DMUj follows that
{X̃λ ≤ x̃j , Ỹ λ ≥ ỹj} ⊂ {1T (X̃λ− x̃j) + 1T (ỹj − Ỹ λ) < 0} (1.1)and using the probability properties the following inequality is derived:3

Prob(X̃λ ≤ x̃j , Ỹ λ ≥ ỹj) ≤ Prob(1T (X̃λ− x̃j) + 1T (ỹj − Ỹ λ) < 0).Therefore, for λ ∈ Rn
+ suh that ϕ(1Tλ) = ϕ and λ ≥ 0 the ondition
Prob(1T (X̃λ− x̃j) + 1T (ỹj − Ỹ λ) < 0) ≤ αis a neessary ondition for the DMUj to be α�stohastially e�ient. Using the neessaryondition for α�stohasti e�ieny of the DMUj, the following almost 100% on�denehane onstrained problem (in matrix notation) for the tehnial e�ieny evaluation ofthe DMUj , j = 1, . . . , n is onstruted (Cooper et al. (1998), Li (1998) and Huang andLi (2001))

max
λj

Prob(1T (X̃λj − x̃j) + 1T (ỹj − Ỹ λj) < 0) − α (1.2)
s.t. P rob(ix̃λj < x̃ij) ≥ 1 − ǫ, i = 1, . . . , m;

Prob(rỹλj > ỹrj) ≥ 1 − ǫ, r = 1, . . . , s;

ϕ(1Tλj) = ϕ,

λj ≥ 0,where ǫ is a non�Arhimedean in�nitesimal quantity.4 The optimal solution of problem1.2 is related to the stohasti e�ieny of the DMUj by following two theorems whih3The inequality type hange is due to the additional restrition that {X̃λ ≤ x̃j , Ỹ λ ≥ ỹj} holds withat least one strit inequality. The auray of this simpli�ation is losely disussed in Ruszzynski andShapiro (2003).4This means that ǫ is a very small positive number suh that ∑n

i=1 ǫ < 1 no matter how largeis n. Aording to the hapter �Computational Aspets of DEA� in Charnes et al. (1994), ǫ <
minj=1,...,n 1/(

∑m

i=1 xij) is seleted in the alulations of these models.12



are diret orollaries of Theorem 3 by Cooper et al. (1998):5Theorem 1. Let the DMUj be α�stohastially e�ient. The optimal value of the obje-tive funtion in the hane onstrained programming problem 1.2 is less than or equal tozero.Theorem 2. If the optimal value objetive funtional of problem 1.2 is greater than zero,then DMUj is not α�stohastially e�ient.Theorem 2 implies that if the maximum value of the hane funtional
Prob(1T (X̃λj − x̃j) + 1T (ỹj − Ỹ λj) < 0) exeeds α, then the onsidered DMUj is not
α�stohastially e�ient. The value of the hane funtional of the additive SDEA modelrepresented by problem 1.2 an be used as the simplest e�ieny measure when inter-preted as the sum of input exess and output slak. In the setion on derivation ofthe oriented SDEA models, I introdue measures based on possible proportional inputredution or output augmentation.1.3.2 Error strutureIn this subsetion, the error struture that allows the transformation of the model froma hane onstrained problem to a linear deterministi equivalent is introdued and thelinearization approah by Cooper et al. (1998) is summarized. The following strutureof m inputs and s outputs of the DMUj, for j = 1, . . . , n with noise driven by normallydistributed shoks is onsidered

x̃ij = x̄ij + aijζij i = 1, . . . , m; (1.3)
ỹij = ȳij + bijξrj, r = 1, . . . , s;where it is assumed E(ζij) = E(ξrj) = 0, j = 1, . . . , n and the following variane�ovariane struture of errors for all DMUs is assumed:6

V ar(ζij) = V ar(ξrj) = σ2
ε 1 ≤ i ≤ m; 1 ≤ r ≤ s; 1 ≤ j ≤ n;5See Theorem 3 and its proof in Cooper et al. (1998).6For linearization proedure the standard normal distribution N(0, 1) an be assumed. The saling ofthe measurement units is used when numerial problems with tiny diagonals of the input�output varianematries ours, therefore the more general assumption of N(0, σ2

ε) is used. This simplifying assumptionalso redues the number of parameters to be estimated for e�ieny evaluation to 2n(m + s). Withoutsimplifying assumption [n2(m + s)2 + 3n(m + s)]/2 parameters are needed to be estimated.13



Cov(ζij, ζkl) = 0 1 ≤ i, k ≤ m; 1 ≤ j, l ≤ n;

Cov(ξrj, ξkl) = 0 1 ≤ r, k ≤ s; 1 ≤ j, l ≤ n;

Cov(ξrj, ζil) = 0 1 ≤ r ≤ s; 1 ≤ i ≤ m; , 1 ≤ j, l ≤ n.Under this error struture follows that inputs and outputs are normally distributed with
E(x̃ij) = x̄ij , E(ỹrj) = ȳrj and variane V ar(x̃ij) = (aijσε)

2, V ar(ỹrj) = (brjσε)
2.When assessing the prodution proesses it is also reasonable to onsider the ase oflog�normally distributed variables. In the ase of log�normality of inputs and outputswith disturbanes driven by normal random variables, the following struture of inputsand outputs an be onsidered:

x̃logij = exp(x̄ij + aijζij) i = 1, . . . , m; (1.4)
ỹlogij = exp(ȳij + bijξrj), r = 1, . . . , s.The log�normal input�output struture an be transformed to normal input�output stru-ture by taking logs, therefore in the following text I assume only the input�output stru-ture with normally distributed input and output variables.Additionally, when assuming ε = ξij = ξkl = ζrj = ζil, for 1 ≤ r ≤ s; 1 ≤ i ≤ m;

1 ≤ j, l ≤ n then the assumed error struture ollapses to a single fator symmetri errorstruture where ε follows normal distribution with E(ε) = 0, V ar(ε) = σ2
ε . To simplifythis notation, the vetors

aj = (a1j , . . . , amj)
T , bj = (b1j , . . . , bsj)

T , j = 1, . . . , n;

ia = (ai1, . . . , ain), rb = (br1, . . . , brn), i = 1, . . . , m, r = 1, . . . , s;are introdued and these vetors are aggregated to onstrut the following matriesof input and output variations Am×n = (a1, . . . , an), Bs×n = (b1, . . . , bn). Using theproperties of normal distribution it is derived that ix̃λj − x̃ij is distributed aordingto N(ix̄λj − x̄ij ; (iaλj − aij)
2σ2

ε) and (rỹλj − ỹrj) is normally distributed aording to
N(rȳλj − ȳrj; (brj − rbλj)

2σ2
ε). Applying the inverse umulative distribution funtion

Φ−1(α), the onstraints and objetive funtion in the almost 100% on�dene haneonstrained problem 1.2 an be rewritten as in Cooper et al. (1998) or Huang and Li(2001) and the following deterministi equivalent of problem 1.2 is derived:
min

λj∈R
m+s
+

1T (X̄λj − x̄j) + 1T (ȳj − Ȳ λj)+ | 1T (Aλj − aj) + 1T (bj − Bλj) | σεΦ
−1(α) (1.5)14



s.t. ix̄λj ≤ x̄ij+ | iaλj − aij | σεΦ
−1(ǫ), i = 1, . . . , m,

ȳrj ≤ rȳλj+ | brj − rbλj | σεΦ
−1(ǫ), r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0.Applying the linearization proedure, new variables q1r, q2r, h1i, h2i and the umulativeterm ǫ(
∑s

r=1(q1r+q2r)+
∑m

i=1(h1i+h2i)) introdued into the objetive funtion allows forthe deomposition of the absolute value terms and to linearize the onstraints in problem1.5.7 Moreover, this modi�ation does not a�et the optimal solutions of problem 1.5and this problem is equivalent to the following problem with linear onstraints:
min

λj ,qkr,hki

1T (X̄λj − x̄j) + 1T (ȳj − Ȳ λj) + (1.6)
+ | 1T (Aλj − aj) + 1T (bj −Bλj) | σεΦ

−1(α) + ǫ(

s∑

r=1

(q1r + q2r) +

m∑

i=1

(h1i + h2i))

s.t. ix̄λj ≤ x̄ij + (h1i + h2i)σεΦ
−1(ǫ),

iaλj − aij = h1i − h2i, i = 1, . . . , m,

ȳrj ≤ rȳλj + (q1r + q2r)σεΦ
−1(ǫ),

brj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2.In the following step, the absolute value from the objetive funtion is removed. Theinverse of umulative distribution funtion Φ(α) takes a positive or negative values; toaount for this fator let's de�ne δ suh that
δ =






−1 if α < 0.5;

0 if α = 0.5;

1 if α > 0.5.The absolute value term in the objetive funtion is the sum of the absolute value termsin the onstraints of problem 1.6; therefore, the deomposition that was used in theseonstraints is just substituted in the objetive funtion. Thus as in used literature [e.g.Li (1998) and Huang and Li (2001)℄, the absolute value terms are eliminated from the7For simpliity of notation, in the following text the index j is omitted in the terms q1r, q2r, h1i, h2ithat are used to replae the absolute value term. 15



objetive funtion and the following problem with a linear objetive funtion is obtained:
min

λj ,qkr,hki

1T (X̄λj − x̄j) + 1T (ȳj − Ȳ λj) + (1.7)
+δ(1T (Aλj − aj) + 1T (bj − Bλj))σεΦ

−1(α) + ǫ(

s∑

r=1

(q1r + q2r) +

m∑

i=1

(h1i + h2i))

s.t. ix̄λj ≤ x̄ij + (h1i + h2i)σεΦ
−1(ǫ),

iaλj − aij = h1i − h2i, i = 1, . . . , m,

ȳrj ≤ rȳλj + (q1r + q2r)σεΦ
−1(ǫ),

brj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2.Problem 1.7 is known as the envelopment formulation of the DEA model, beause theoptimal solution identi�es the projeted point on to the envelopment surfae for DMUj .Using Li's (1998) de�nition of the dual problem, the dual problem 1.8 to primal problem1.7 is restated as:
max

µ,ν,η,ω,ψj

µT ȳj − νT x̄j − ηT bj − ωTaj − ϕψj (1.8)
s.t. µT ȳl − νT x̄l − ηT bl − ωTal − ϕψj ≤ 0, l = 1, . . . , n;

−σεΦ
−1(ε)µ+ η ≥ −σε(Φ

−1(ε) + ε)1 − δσεΦ
−1(α)1,

−σεΦ
−1(ε)µ− η ≥ −σε(Φ

−1(ε) + ε)1 + δσεΦ
−1(α)1,

−σεΦ
−1(ε)ν − ω ≥ −σε(Φ

−1(ε) + ε)1 − δσεΦ
−1(α)1,

−σεΦ
−1(ε)ν + ω ≥ −σε(Φ

−1(ε) + ε)1 + δσεΦ
−1(α)1,

µ ≥ 1

ν ≥ 1,

η, ω, ψj unonstrained.For the DMUj represented by point (x̃j , ỹj), the following stohasti hyperplane Prob(cT x̃j+
dT ỹj + fj ≤ 0) = 1 − ǫ is the supporting hyperplane for Tϕ at (x̃j , ỹj) if and only if

cT x̃j + dT ỹj + fj + Φ−1(ǫ)σε | c
Taj + dT bj |= 0 (1.9)and for ∀ (x̃, ỹ) ∈ Tϕ : cT x̃+ dT ỹ + fj + Φ−1(ǫ)σε | c

Taj + dT bj |≥ 0. (1.10)16



The dual problem 1.8 is known as the multiplier problem beause the optimal solutions
(µ∗

j , ν
∗

j , η
∗

j , ω
∗

j , ψ
∗

j ), for j = 1, . . . , n, set up the supporting hyperplanes that are used toonstrution the prodution possibility frontier. If there is an unique optimal solution
(µ∗

j , ν
∗

j , η
∗

j , ω
∗

j , ψ
∗

j ) to problem 1.8 that satis�es
µ∗

j
T (bj − bk) + ν∗j

T (aj − ak) − Φ−1(ǫ)σε(| µ
∗

j
T bj − ν∗j

Taj | − | µ∗

j
T bk − ν∗j

T bk |) ≥ 0,for k = 1, . . . , n, then the optimal solution (µ∗

j , ν
∗

j , η
∗

j , ω
∗

j , ψ
∗

j ) identi�es the followingstohasti hyperplane Prob(µ∗

j
T ỹj − ν∗j

T x̃j + f ∗

j ≤ 0) = 1 − ǫ, where
f ∗

j = −η∗j
T bj − ω∗

j
Taj − ϕψ∗

j + Φ−1(ǫ)σε | µ
∗

j
T bj − ν∗j

Taj |. This almost 100% on�denehyperplane is the supporting hyperplane to Tϕ at the DMUj . Further, in the setion onreturns to sale, the sign of fj is related to the returns to sale type and these relationsare summarized in Table 1.2. In a ase without a unique optimal solution to problem 1.8,the supporting hyperplane for Tϕ at (x̃j , ỹj) is not uniquely identi�ed.1.4 E�ieny measureIn this setion, by introduing the input reduing and output augmenting diretion forprojetion into the data envelopment I derive the extension to the reviewed additive mod-els. As explained in the previous setion, the optimal solution to the envelopment problem1.7 for the DMUj identi�es the point (x̂j , ŷj) = (X̄λ∗j , Ȳ λ
∗

j) and the optimal solution ofthe multipliers problem 1.8 identi�es the supporting hyperplane assigned to the DMUj .Therefore, the simplest ine�ieny measure an be de�ned by the distane measure ofa disrepany between the projeted and expeted point as: |(x̂j, ŷj) − (x̄j , ȳj)|. Thisdisrepany measure expresses the di�erene between the e�ient frontier represented bythe projeted point (x̂j , ŷj) and the present position of the DMUj . Starting from (x̄j , ȳj),various projetion paths on the orresponding part of the envelopment surfae an befollowed as is illustrated by Figure 1.3. Figure 1.3 illustrates diretions of inputs redu-tion and augmentation in outputs. I will use these two diretions to derive the input andoutput oriented e�ieny measures that are used to state the oriented SDEA models.First, for inputs of the DMUj let's denote eij ∈ R+, eij = x̄ij − ix̄λj, i = 1, . . . , m andde�ne the olumn vetor of inputs exess ej ∈ Rm
+ , ej = (e1j , . . . , emj)

T . If the followinginequality Prob(ix̃λj < x̃ij) > 1 − ǫ holds there must exist eij > 0, i ∈ {1, . . . , m} suhthat Prob(eij ≤ x̃ij − ix̃λj) = 1 − ǫ. Therefore, for inputs of the DMUj , by following17



the path −ej the inputs an be dereased and the projeted point is moved towards theprodution possibility frontier. This projetion diretion is given in Figure 1.3 as theinput redution diretion and the point DMU5i is the input oriented projetion of theDMU#5.Similarly, the DEA output oriented model is derived using the olumn vetor of outputslaks sj ∈ Rs
+, sj = (s1j, . . . , ssj)

T , srj = rȳλj − ȳrj, r = 1, . . . , s. For r ∈ {1, . . . , s} suhthat Prob(rỹλj > ỹrj) > 1 − ǫ exists srj > 0 for whih the following equality holds:
Prob(rỹλj − ỹrj ≥ srj) = 1 − ǫ. The path sj projets the DMUj on to the produtionpossibility frontier in an outputs augmenting diretion and the projeted point is shownin Figure 1.3 as the DMU5o.Next, to determine the maximal sale e�ets in inputs redution or outputs augmen-tation, the projetion paths sj, ej are deomposed to a proportional inrease (derease) ofoutput (input) and residual as follows: sj = ρj ȳj+δ

j
s , ej = γjx̄j+δ

j
e, where a proportionalinrease of outputs ρj and proportional derease of inputs γj for j = 1, . . . , n are de�nedas

ρj = minr=1,...,s
ŷrj − ȳrj
ȳrj

≥ 0,

γj = mini=1,...,m
x̄ij − x̂ij
x̄ij

≥ 0,and δje ≥ 0, δjs ≥ 0, j = 1, . . . , n.8Next as in Ali and Seiford (1993), the new variables for the output oriented model arede�ned as φj = 1+ρj and for the input oriented model θj = 1−γj. From the onstrutionof the saling parameters, the θj satis�es 0 < θj ≤ 1 and for φj in the output problem wehave φj ≥ 1. The maximal output sale e�et is identi�ed by optimal value φ∗

j and themaximal input redution is identi�ed by the optimal value of θ∗j .For the identi�ation of possible proportional saling of inputs or outputs and e�-ieny evaluation of the DMUj , two stage models are onstruted. In the �rst modelstage, the maximal φj or minimal θj is found to identify the maximal equi�proportionale�et. In the seond stage of modelling, the identi�ed sale e�et is utilized to evaluatethe e�ieny of the DMUj with optimally redued levels of inputs (augmented levels ofoutputs, in ase of the output oriented model). These two stage models are summarizedin Table 1.3. The optimal solution to the �rst stage for the DMUj is denoted as θ̂j and8Note that at least one omponent of eah δ is zero beause of the projetion on to the produtionpossibility frontier. 18



in the ase of the output oriented model φ̂j. The seond stage of almost 100% on�deneproblem is onstruted by replaing x̄j (in output oriented model: ȳj) with θ̂j x̄j (respe-tively for input model with: φ̂j ȳj) in onstraints and objetive funtion of problem 1.2 aspresented in Table 1.3.When the two stage models are used, the ine�ieny of the DMUj an be evaluated byuse of values of φ̂−1
j or θ̂j . The major drawbak of use of φ̂−1

j and θ̂j as ine�ieny measuresof the DMUj is that these measures do not uniquely identify e�ient points. This shortageis present beause for φ̂j = 1 (θ̂j = 1) the DMUj is the boundary point of Tϕ but thepositive non�proportional slaks an be present. The elements of prodution possibilityset with φ̂j = 1 (θ̂j = 1) and positive non�proportional slaks are usually referred to asweakly e�ient points. Due to the aforementioned shortage, the identi�ation of e�ienyof the DMUj has to be done in two stages. Therefore, the DMUj is identi�ed as e�ientif the proportional saling parameter equality φ̂j = 1 (θ̂j = 1) holds and the seond stagemodel identify the DMUj as α�stohastially e�ient. The additional ondition on slaksis referred to as the sum of slaks and for α�stohasti e�ieny it is required that itholds with probability 1 − α.1.5 Oriented SDEA modelsIn both stages the objetive funtion optimization is subjet to the same onstraints,the only di�erene being the objetive funtion, therefore the two stage oriented SDEAmodels an be merged into a one�stage model. To merge these stages in one optimiza-tion problem, the non�Arhimedean ǫ is used as a weight for the seond stage objetivefuntion. The hoie of non�Arhimedean ǫ as the weight guarantees that proportionalmovement towards the frontier pre�empts the additive slaks optimization.Output oriented model The one stage model for evaluation of e�ieny of theDMUj is derived from the two stages optimization model presented in Table 1.3 and anbe stated as:
max
λj ,φj

φj + ǫ(Prob(1T (X̃λj − x̃j) + 1T (φj ỹj − Ỹ λj) < 0) − α) (1.11)
s.t. P rob(ix̃λj < x̃ij) ≥ 1 − ǫ, i = 1, . . . , m;

Prob(rỹλj > φj ỹrj) ≥ 1 − ǫ, r = 1, . . . , s;

ϕ(1Tλj) = ϕ;19



λj ≥ 0.After the same linearization proedure that was applied to problem 1.2 and reviewedin the fourth setion of this hapter, the following linear model is derived:
max

λj ,qkr,hki,φj

φj − ǫ[1T (X̄λj − x̄j) + 1T (φj ȳj − Ȳ λj) + (1.12)
+δ(1T (Aλj − aj) + 1T (φjbj −Bλj))σεΦ

−1(α)] + ǫ(

s∑

r=1

(q1r + q2r) +

m∑

i=1

(h1i + h2i))

s.t. ix̄λj ≤ x̄ij + (h1i + h2i)σεΦ
−1(ǫ),

iaλj − aij = h1i − h2i, i = 1, . . . , m,

φj ȳrj ≤ rȳλj + (q1r + q2r)σεΦ
−1(ǫ),

φjbrj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2.

Input oriented model Similarly, as for the output oriented model, the almost100% on�dene hane onstrained input oriented model for e�ieny evaluation of theDMUj is derived as:
min
λj ,θj

θj − ǫ(Prob(1T (X̃λj − θj x̃j) + 1T (ỹj − Ỹ λj) < 0) − α) (1.13)
s.t. P rob(ix̃λj < θj x̃ij) ≥ 1 − ǫ, i = 1, . . . , m;

Prob(rỹλj > ỹrj) ≥ 1 − ǫ, r = 1, . . . , s;

ϕ(1Tλj) = ϕ;

λj ≥ 0.Finally, the linearized form of the almost 100% on�dene hane onstrained inputoriented model is stated as:
min

λj ,qkr,hki,θj

θj + ǫ[1T (X̄λj − θj x̄j) + 1T (ȳj − Ȳ λj) + (1.14)
+δ(1T (Aλj − θjaj) + 1T (bj − Bλj))σεΦ

−1(α)] + ǫ(
s∑

r=1

(q1r + q2r) +
m∑

i=1

(h1i + h2i))20



s.t. ix̄λj ≤ θj x̄ij + (h1i + h2i)σεΦ
−1(ǫ),

iaλj − θjaij = h1i − h2i, i = 1, . . . , m,

ȳjλj ≤ rȳ + (q1r + q2r)σεΦ
−1(ǫ),

brj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2.Furthermore, the optimal solution (λ∗j ,q
∗

1j ,q
∗

2j,h
∗

1j ,h
∗

2j , φ
∗

j) of output oriented prob-lem (1.12) (alternatively the optimal solution (λ∗j ,q
∗

1j,q
∗

2j ,h
∗

1j ,h
∗

2j, θ
∗

j ) of input orientedproblem (1.14)) is used to evaluate the tehnial e�ieny of the DMUj . The DMUj is
α�stohasti e�ient, when the following two onditions are satis�ed:1. φ∗

j = 1 (θ∗j = 1);2. 1T (X̄λ∗j − x̄j) + 1T (φ∗

j ȳj − Ȳ λ∗j ) + |1T (Aλ∗j − aj) + 1T (φ∗

jbj − Bλ∗j)|σεΦ
−1(α) ≥ 0

(1T (X̄λ∗j − θ∗j x̄j) + 1T (ȳj − Ȳ λ∗j ) + |1T (Aλ∗j − θ∗jaj) + 1T (bj − Bλ∗j)|σεΦ
−1(α) ≥ 0).As mentioned in the setion on e�ieny measure introdution, a lass of weaklye�ient DMUs an be de�ned. The analyzed DMUj is identi�ed as weakly e�ient whenthe optimal solution of the assoiated problem satis�es φ∗

j = 1 or θ∗j = 1.1.6 Chane onstrained DEA modelAs in the setion on almost 100% hane onstrained models, I also assume the samedisturbane struture for hane onstrained e�ieny models and the following haneonstrained version of the DEA model an be derived:
min
λj

1T (X̄λj − x̄j) + 1T (ȳj − Ȳ λj) (1.15)
s.t. P rob(ix̃λj < x̃ij) ≥ 1 − α, i = 1, . . . , m;

Prob(rỹλj > ỹrj) ≥ 1 − α, r = 1, . . . , s;

ϕ(1Tλj) = ϕ

λj ≥ 0;To relate Problem (1.15) to the de�nition of hane onstrained e�ieny dominationintrodued in de�nition (4), I state the following theorem:Theorem 3. Let DMUj be an α-stohastially onstrained e�ient. Then for all λj suh21



that
Prob(ix̃λj ≤ x̃∗i ) ≥ 1 − α, i = 1, . . . , m;

Prob(rỹλj ≥ ỹ∗j ) ≥ 1 − α, r = 1, . . . , s;

ϕ(1Tλj) = ϕ, λj ∈ Rn
+, λj ≥ 0, (1.16)we have 1T (X̄λj − x̄j) + 1T (ȳj − Ȳ λj) = 0.

Proof: Suppose there exists λ∗j suh that it ful�lls onstraints (1.16) and
1T (X̄λ∗j − x̄j) + 1T (ȳj − Ȳ λ∗j) > 0. Then there exists s+

r or s−i ∈ R+, s
+
r , s

−

i > 0 suhthat Prob(rỹλ∗j − ỹrj ≥ s+
r ) ≥ 1 − α or Prob(x̃ij − ix̃λ

∗

j ≥ s−i ) ≥ 1 − α. Aording tode�nition (4) the DMUj is dominated by the point (X̃λ∗j , Ỹ λ
∗

j) and this ontradits theassumption in the theorem that DMUj is α�hane onstrained e�ient.Applying the same orientation proedure as for the almost 100% hane onstrainedproblems the two stage problems are derived. As for problem (1.2) the dual problem toproblem (1.15) an be derived and the optimal solutions are used to identify the sup-porting hyperplanes to analyzed DMUs and to set up the prodution possibility frontierestimate.The same linearization proedure as was used to linearize problem (1.2) and desribedin the previous setion is applied after the two stage problem is merged in one one�stageoptimization problem. The following oriented and linearized hane onstrained modelsare derived:
Output oriented model

max
λj ,qkr,hki,φj

φj − ǫ(1T (X̄λj − x̄j) + 1T (φj ȳj − Ȳ λj) +

−ǫ(

s∑

r=1

(q1r + q2r) +

m∑

i=1

(h1i + h2i)) (1.17)22



s.t. ix̄λj ≤ x̄ij + (h1i + h2i)σεΦ
−1(α), i = 1, . . . , m,

iaλj − aij = h1i − h2i, i = 1, . . . , m,

ȳjλj ≤ φjrȳ + (q1r + q2r)σεΦ
−1(α), r = 1, . . . , s,

φjbrj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2,

i = 1, . . . , m,

r = 1, . . . , s.Input oriented model
min

λj ,qkr,hki,θj

θj + ǫ(1T (X̄λj − θj x̄j) + 1T (ȳj − Ȳ λj)) +

+ǫ(

s∑

r=1

(q1r + q2r) +

m∑

i=1

(h1i + h2i)) (1.18)
s.t. ix̄λj ≤ θj x̄ij + (h1i + h2i)σεΦ

−1(α), i = 1, . . . , m,

iaλj − θjaij = h1i − h2i, i = 1, . . . , m,

ȳjλj ≤ rȳ + (q1r + q2r)σεΦ
−1(α), r = 1, . . . , s,

brj − rbλj = q1r − q2r, r = 1, . . . , s,

ϕ(1Tλj) = ϕ,

λj ≥ 0, qkr ≥ 0, hki ≥ 0, k = 1, 2,

i = 1, . . . , m,

r = 1, . . . , s.

(1.19)
Similarly, as in the previous setion these models an be ompared to DEA mod-els summarized in Table 1.1 and as for Problems (1.14) and (1.12), the optimal solu-tion (λ∗j , q

∗

11,q
∗

1j,q
∗

2j ,h
∗

1j ,h
∗

2j, φ
∗

j) of problem (1.17), ((λ∗j ,q∗

1j,q
∗

2j ,h
∗

1j ,h
∗

2j , θ
∗

j ) for problem(1.18)) an be used to evaluate the e�ieny of DMUj as in the previous setion.The DMUj is hane onstrained e�ient if the following two onditions are satis�ed:1. φ∗

j = 1 (θ∗j = 1);2. All expeted values of slaks and exess are zero: 1T (X̄λ∗j − x̄j) = 0 and 1T (φ∗

j ȳj −

Ȳ λ∗j) = 0 (1T (X̄λ∗j − θ∗j x̄j) = 0 and 1T (ȳj − Ȳ λ∗j) = 0).To simplify the evaluation of e�ieny sore the following two e�ieny measuresfor stohasti models whih are stohasti equivalents for measures introdued by Tone23



(1993), are proposed:Input oriented: χj =

(

θ∗j +
1T (X̄λ∗j − θ∗j x̄j)

1T x̄j

)
1T ȳj

1T Ȳ λ∗j
,Output oriented: τ−1

j =

(

φ∗

j −
1T (φ∗

j ȳj − Ȳ λ∗j)

1T ȳj

)
1T x̄j

1T X̄λ∗j
.The proposed e�ieny measures τ and χ have the following properties:1. 0 ≤ τj , χj ≤ 12. χj = 1, τj = 1 ⇔ DMUj is hane onstrained e�ient3. τj and χj are units invariant measures4. τj and χj are monotoni inreasing in inputs and outputs5. τj and χj are dereasing in the relative values of the slaks6. τj = φ∗

j , χj = θ∗j ⇔ the expeted values of all slaks are zero.These measures make it easier to evaluate the e�ieny sore of DMUj beause theytake into aount the values of maximal proportional inrease and the slaks (residuals)values.1.7 Introduing returns to saleAs mentioned in the seond setion, the CCR model was designed to analyze the tehnol-ogy with property of onstant returns to sale. Later, the BCC model and its variationswere developed by Banker, Charnes, and Cooper (1984) to analyze the prodution fun-tion with variable returns to sale. Here, I follow this onept to introdue the variablereturns to sale into the stohasti framework. The following de�nition uses the expetedvalues to de�ne types of returns to sale:De�nition 5. Returns to sale. Let the DMUj be stohastially e�ient and the point
Zδ = ((1 + δ)x̄j, (1 + δ)ȳj) is a point in δ�neighborhood of (x̄j , ȳj) :

• The Non�Dereasing returns to sale are present ⇔ ∃ δ∗ > 0 suh that Zδ ∈ Tϕ for
δ∗ > δ ≥ 0 and Zδ∈\ Tϕ for − δ∗ < δ < 024



• The Constant returns to sale are present ⇔ ∃ δ∗ > 0 suh that Zδ ∈ Tϕ for | δ |<

δ∗

• The Non�Inreasing returns to sale are present ⇔ ∃ δ∗ > 0 suh that Zδ∈\ Tϕ for
δ∗ > δ ≥ 0 and Zδ ∈ Tϕ for − δ∗ < δ < 0.The di�erenes in types of returns to sale are re�eted by di�erent shapes of the pro-dution possibility set frontier that is set up by the intersetion of supporting hyperplanesidenti�ed by optimal solutions of multiplier formulation of the DEA models. In the aseof onstant returns to sale (the CCR model by Charnes, Cooper, and Rhodes (1978))the envelopment surfae onsists of a single half line that passes through the origin asshown in Figure 1.4. In the ase of variable returns to sale, the prodution frontier is apieewise linear set. Therefore, Figure 1.4 also shows the prodution possibility frontierof the model with the variable returns to sale that is referred to as the BCC model(Banker, Charnes, and Cooper (1984)) and in Figure 1.5 the BCC frontier is related tothe frontier under the assumption of inreasing returns to sale. These frontiers of pro-dution possibility set under various types of returns to sale are parameterized via theseletion of ϕ and onstraint type assoiated with the ϕ as follows:

ϕ =

{
0 Constant returns to sale (CCR model)
1 Variable returns to sale (BCC model).Sine the α�stohastially e�ient point (x̃j , ỹj) satis�es ondition 1.9, for the point

Zδ = ((1 + δ)x̄j, (1 + δ)ȳj) an be derived
cT (1 + δ)x̃j + dT (1 + δ)ỹj + fj + (1 + δ)Φ−1(ǫ)σε | c

Taj + dT bj | =

= (1 + δ)(cT x̃j + dT ỹj + fj + Φ−1(ǫ)σε | c
Taj + dT bj |) − δfj = −δfj (1.20)and the point Zδ ∈ Tϕ if and only if −δfj ≥ 0. Using de�nition 5, the relations betweenthe type of the returns to sale and the sign of fj is revealed and these relations aresummarized in Table 1.2 together with hoie of onstrain on intensity variable vetor λj .1.8 Summary of SDEA modelsIn the previous setions, the oriented SDEA models were derived and these models aresummarize in Table 1.4. It should be stressed that even the models using the same25



e�ieny dominane de�nition but with di�erent orientation hoie result in di�erente�ieny sores. Therefore, the hoie of the e�ieny dominane type, returns to saleand projetion path to the envelopment surfae (the set of dominating points in theprodution possibility set) are ruial for the e�ieny analysis and the hoie shouldre�et the aims of analyzis.The returns to sale hoie a�ets the shape of the prodution possibility set envel-opment. The restritions on returns to sale are related to four types of the envelopmentsurfae shape through the geometry of the prodution possibility set and these restri-tions are interpreted as the restrition on intensity variable λ in the envelopment problemor a restrition on supporting hyperplanes in the multiplier problem.The evaluation of the e�ieny sore is based on distane measurement between thepoint that represents DMU and the assoiated point on the envelopment surfae. Thisdistane measure used in additive models is the most simple e�ieny measure. A moresophistiated e�ieny measure is reated using the measure of maximal proportionalinputs redution (output augmentation) while keeping the levels of outputs (inputs) �xed.This proportional input (output) saling approah is interpreted as the seletion of aprojetion path towards the envelopment surfae and results in the reation of orientedSDEA models.The use of Non�Arhimedean in�nitesimal ǫ is losely related to the unit invarianeproperty of the objetive funtion values of the derived models beause the result ofmultipliation by ǫ is not unit dependent. The use of unit invariant models also deliversthe possibility of units of measurement hange to avoid numerial problems [e.g., tinydiagonal matries℄ when the SDEA models are solved.Table 1.4 ompares the derived SDEA with the most popular DEA models that appearin the present studies on e�ieny evaluation. The additional SDEA models an bederived as extensions of models overed in this hapter using the extensions proeduresfor the DEA models.1.9 Method for SDEA model solvingTo solve the linear optimization problems assoiated with the derived SDEA models thevariant of the interior point method (IPM) is used beause it is less omputationallyostly than the simplex methods when large sized problems are solved. For the purposeof the IPM employment the linearized problems 1.12 and 1.14 an be easily transformed26



to the standard linear programming form:9Primal: minx cT x Dual: maxy,z bTys.t. Ax = b,x ≥ 0 s.t. ATy + z = c, z ≥ 0.
(1.21)Using the omplementarity onstraint zTx = 0 (equivalent to duality gap ondition

cTx−bTy = 0) together with the feasibility onstraints the following optimality onditionfor problem 1.21 is stated as




Ax− b

ATy + z − c

zTx



 =





0

0

0



 , (1.22)where z,x ≥ 0. To solve problem 1.22, I use Mehrotra's preditor�orretor algorithmthat belongs to the lass of the entral path following IPM algorithms.10 This primal�dualalgorithm uses the ombination of Newton's diretion (duality gap redution diretion)and entering diretion to solve the sequene of problems that omes from problem 1.22,where the omplementarity onstraint is modi�ed to xTk zk = µk and sequene {µk} on-verges to 0 for k → ∞. So, the IPM algorithm generates an in�nite sequene of pointsthat onverges to an optimal solution and the iteration proess stops when the iterationsare su�iently lose to the optimal solution or the limit for the number of iterations isreahed. The advantage of the primal�dual version of the interior point method is thatthe primal and dual problem 1.21 are solved simultaneously.Further, the IPM solutions satisfy the strong omplementarity slakness ondition(SCSC). The SCSC solution is the solution with the maximal produt of the positive om-ponents of the optimal solution and therefore it is the optimal solutions with a minimalnumber of zero omponents. The SCSC property of optimal solutions helps to eliminateinterpretation problems when the optimal solution to the DEA model are rendered as theshadow pries of inputs and outputs.119In the ase of linearized stohasti problems, vetors x, c, z ∈ Rn+3(m+s)+1;vetors y, b ∈ R2(m+s)+1 and matrix A ∈ R(2(m+s)+1)×(n+3(m+s)+1).10The solver for the stated oriented SDEA models is onstruted using the proedures pakage knownas PCx linear solver obtained from Optimization Tehnology Center at Argonne National Laboratoryand Northwestern University.11For more details on the use of interior point methods solutions of the DEA related problems seeBrázdik (2001). 27



1.10 Indonesian rie farms e�ienyTo demonstrate the use of the oriented SDEA models, the results from the proposed SDEAmodels are ompared to the DEA and SFA results. This omparison is motivated byHorrae and Shmidt's (1996) work, where parametri methods for e�ieny estimationare ompared using data on Indonesian rie farms. To ompare with results presented inDruska and Horrae's (2004) methodologial work on spatial e�ets in the SFA framework,I use the same data set to ompute the SDEA and DEA sores.Indonesia is the biggest rie importer in Asia at the same time almost 70% of theountry's 213 million people are farmers, hene the identi�ation of the linkages betweendi�erent fators and rie yield in the West Java area is the subjet of many studies onfarming e�ieny [e.g. Wadud (2002) and Daryanto, Battese, and Fleming (2002a)℄. Forresearh purposes, the Indonesian Ministry of Agriulture surveyed rie farms over sixgrowing periods (3 wet and 3 dry periods) in six villages in the area of the Cimanuk Riverbasin in West Java. The data set from this survey is �ltered for outliers that reportedyields over the maximum hetare yields reahed in laboratory onditions. After thisorretion, the panel used for analysis is balaned and desribes the prodution mixes of160 rie farms with average yield of 3265.20 kg/ha that resemble the observed averageyields in this area.For the purpose of omparison with the SFA results, I use the same inputs and outputsto speify the inputs�output prodution mixes of the surveyed rie farms as were used inthe SFA study by Druska and Horrae (2004). The onsidered inputs inlude total areaof rie ultivation in hetares (Size), seed in kilograms (Seed), urea in kilograms (Urea),phosphate in kilograms (Phosphate) and total labor (Labor). As the measure of outputthe total output of rough rie in kilograms (Gross yield) is used and the summary statistisfor the used inputs and output are presented in Table 1.5. All of the prodution fatorsexhibit very high variation and presene of noise that in�uene e�ieny evaluation isexpeted. The presene of noise provides rationale for use of the SDEA approah.To alulate the DEA e�ieny sores, the output oriented DEA model presentedin Table 1.1 is used. The α�stohasti e�ieny of farms is evaluated by use of thelinearized output oriented SDEA model desribed by problem 1.12. Moreover, I alsoompute the time average DEA e�ieny sores and the DEA sores alulated usingthe mean values of farms' prodution mixes. The average DEA sore for a rie farm isalulated by averaging the farm's e�ieny sores when the data set is onsidered as a28



sample of 960 individual observations. The DEA�mean sore is alulated using a samplewith 160 observations, where eah farm is haraterized by mean values of its produtionmix harateristis.For all data envelopment models, I onsider the ases of normal (denoted by sub-sript N or Norm) and log�normal (denoted by subsript LN or LogN) distribution ofthe farms' inputs and outputs. Under the assumption of log�normal distribution, inputsand output are transformed by taking logs, therefore the e�ieny sores are no moresale of operations invariant. The DEA and SDEA e�ieny sores are alulated un-der assumption of onstant returns to sale (hoie ϕ = 0 and denoted by CCR) andvariable returns to sale (ϕ = 1, BCC). The e�ieny sores estimated by almost 100%hane onstrained SDEA models are reported for α = 0.05 as a level of modeler's riskbeause alulations shows that for higher levels the SDEA method su�ers from a loss ofdisriminatory power and too many DMUs are evaluated as e�ient.The desriptive statistis of the omputed DEA, SDEA and SFA e�ieny soresare summarized in Table 1.6 and ompared to Druska and Horrae's (2004) SFA sores
FE and FEsp that are estimated by the �xed e�et method and �xed e�et methodwith orretion for spatially orreted errors, respetively. Table 1.6 reports higher meanvalues of e�ieny sores for data envelopment approahes than for SFA sores. TheseSDEA and DEA results suggest that Indonesian rie farms are operating loser to theprodution frontier than in the SFA studies. Wadud (2002) observes a similar patternfor Bangladesh rie farms e�ieny sores and he reports 0.80 as the mean sore for theSFA and 0.86 and 0.91 for the CCR and BCC data envelopment models, respetively.From this omparison, I dedue that on average the onsidered Indonesian rie farmswere operating at lower e�ieny levels than rie farms in Bangladesh. As Table 1.6reports, sores alulated by data envelopment approahes show a variane twie as highas sores alulated by the SFA. This is ontrary to results by Wadud (2002), Ferro�Luzziet al. (2003) and Jaforullah and Premahandra (2003) that report omparable varianefor SFA and DEA e�ieny sores.Further, to highlight di�erenes in e�ieny sores among the used approahes, Table1.7 ompares e�ieny sores for group of hosen DMUs. These DMUs were hosen a-ording to the SFA e�ieny sores estimates by Druska and Horrae (2004) to representfarms with the highest, median and the lowest tehnial e�ieny sores. Due to the dif-ferenes in nature of the ompared methods di�erenes in e�ieny sores estimates areexpeted. However, the di�erenes in e�ieny rankings presented in Table 1.8 indiate29



inonsisteny of e�ieny evaluation aross the assessed methods.The nature of the SFA approah allows only one DMU to ahieve a sore of 1 whilethe data envelopment approahes assign e�ieny sore 1 to all DMUs on the produtionpossibility frontier. Therefore, the peak at 1 with height proportional to the numbers ofDMUs identi�ed as e�ient ours in distribution of e�ieny sores alulated by useof the data envelopment approahes. Keeping this fat in mind, the shapes of e�ienysore distributions displayed in Figure 1.6, Figure 1.7 and Figure 1.8 an be ompared.Examination of these �gures reveals that the shape of the SFA e�ieny sore distributionfuntion is mathed at best by the distribution funtion estimate for the DEA averagee�ieny sore under assumption of linearly distributed prodution harateristis foronstant (CCRnorm) and variable (BCCnorm) returns to sale spei�ation.Due to the aforementioned di�erenes in nature of e�ieny sores, the results' on-sisteny among the used approahes should be assessed through orrelation of e�ienyrankings rather than an e�ieny sores. For ranking orrelation evaluation, Spearman's(1904) orrelation oe�ient is used beause its important feature is lower sensitivity toextreme values when ompared to the standard orrelation oe�ient. Further, by eval-uating the signi�ane of alulated rankings orrelations the hypothesis that onsideredrankings are not orrelated is tested. Table 1.9 presents orrelation oe�ients for rank-ings generated using DEA on mean values, oriented SDEA and SFA e�ieny sores. InTable 1.10, orrelation oe�ients for DEA on mean values, the oriented SDEA, and SFAe�ieny rankings are summarized.When the rankings orrelation oe�ients presented in Table 1.9 and Table 1.10 areassessed, I onlude that higher level of rankings onsisteny is observed between SFAe�ieny rankings and data envelope analysis rankings than between SFA and SDEArankings. The highest DEA�mean ranking orrelation oe�ients values are 0.72 and0.55 and the values 0.85, 0.82 for average DEA sores are substantially higher than thehighest values 0.25, 0.24 of the SFA�SDEA orrelation oe�ients. The presented SFAand DEA rankings orrelation results orrespond to �ndings in reent studies on the SFAand DEA ranking onsisteny. Wadud (2002) reports the highest orrelation oe�ientsvalues ranging from 0.61 to 0.83, Jaforullah and Premahandra (2003) report 0.74 andFerro�Luzzi et al. (2003) report signi�ant orrelation oe�ients between SFA and DEAranking in range from 0.594 to 0.677.The purpose of this setion was to improve the stohasti non�parametri approahfor e�ieny evaluation by introduing frontier projetion diretion. Therefore, the im-30



provement in onsisteny of the SFA and SDEA results is expeted. Contrary to thisexpetation, more onsisteny (in terms of signi�ane of orrelation oe�ients andtheir absolute values) is found between the SFA and DEA (SFA�average DEA in range0.11, 0.85, SFA�DEA mean in -0.22, 0.72) rankings than between the SFA�SDEA rank-ings (from -0.08 to 0.25). The observed low onsisteny of SFA�SDEA rankings maybe a onsequene of the high variane of the rie prodution harateristis that a�etsthe auray of e�ieny dominating set approximation. This onlusion originates fromomparison of the DEA on mean values and SDEA e�ieny rankings, where rankingsorrelations are insigni�ant or low and simultaneously the SDEA approah is derivedfrom DEA on mean values approah by inluding orretion for variane in data. There-fore, high values of the ranking orrelation between SDEA and DEA�mean rankings areexpeted to be ahieved when onsidered DMUs are haraterized by random variableswith low varianes.1.11 ConlusionIn the theoretial part of this hapter, I reviewed the tehnique used to derive lineardeterministi equivalents to Huang and Li's (2001) SDEA models and this tehnique wasused to develop the oriented stohasti DEA models and to desribe their properties.Using the tehniques of stohasti problems linearization the proposed oriented SDEAmodels were linearized, so the solver based on the interior point method for linear prob-lems an be used to solve linear programming problems assoiated with the models. Thereated solver for problems assoiated with the SDEA and DEA models implements theprimal�dual interior point method algorithm.The empirial part of this hapter was motivated by Horrae and Shmidt's (1996)omparison of SFA methods. This part presents results of the tehnial e�ieny evalu-ation of Indonesian rie farms by SDEA and DEA models. Further, e�ieny rankingswere onstruted and ompared with the SFA rankings onstruted by Druska and Hor-rae (2004). While I was able to rejet the hypothesis that the DEA, SDEA and SFArankings are independent in the majority of the onsidered ases the onsisteny of re-sults from the SFA and oriented SDEA models is questionable due to the low values ofranking orrelation oe�ients. Assessing the results of the DEA on the mean values ap-proah, I onlude that in this data set the low rankings onsisteny originate from highvariane present in the data. In spite of the low onsisteny of the SFA�SDEA approah31



the �ndings on the SFA�DEA rankings orrelation are onsistent with the reent studieson the SFA and DEA omparisons, e.g. Wadud and White (2000a) and Jaforullah andPremahandra (2003) that report onsiderable onsisteny of e�ieny rankings.1.A Figures and Tables
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Figure 1.8: Kernel density estimates DEA�mean vs. SFA
Output oriented model

maxλj ,φj
φj + ǫ(1T (Xλj − xj) + 1T (φjyj − Y λj))

s.t. ixλj < xij , i = 1, . . . , m;

ryλj > φjyrj, r = 1, . . . , s;
ϕ(1Tλj) = ϕ;
λj ≥ 0Input oriented model

minλj ,θj
θj − ǫ(1T (Xλj − θjxj) + 1T (yj − Y λj))

s.t. ixλj < θjxij i = 1, . . . , m;

ryλj > yrj r = 1, . . . , s;
ϕ(1Tλj) = ϕ;
λj ≥ 0Table 1.1: Generalized versions of input and output oriented DEA models

35



Model (Orientation) Returns to sale Constraint Hyperplane(s)CCR model(Input, Output) Constant None, ϕ = 0 Passes trough originBCC model(Input, Output) Variable 1Tλj = 1 Not onstrainedSDEA models(Input) Non�Dereasing 1Tλj ≥ 1 f ∗

j ≥ 0(Input) Non�Inreasing 1Tλj ≤ 1 f ∗

j ≤ 0(Input) Constant None f ∗

j = 0(Output) Non�Dereasing 1Tλj ≥ 1 f ∗

j ≤ 0(Output) Non�Inreasing 1Tλj ≤ 1 f ∗

j ≥ 0(Output) Constant None f ∗

j = 0Table 1.2: Returns to sale
Output oriented modelFirst stage Seond stage
maxλj ,φj

φj maxλj
Prob(1T (X̃λj − x̃j) + 1T (φ̂j ỹj − Ỹ λj)) − αs.t. Prob(ix̃λj < x̃ij) ≥ 1 − ǫ s.t. Prob(ix̃λj < x̃ij) ≥ 1 − ǫ

Prob(rỹλj > φỹrj) ≥ 1 − ǫ Prob(rỹλj > φ̂j ỹrj) ≥ 1 − ǫ
ϕ(1Tλj) = ϕ ϕ(1Tλj) = ϕ
λj ≥ 0 λj ≥ 0

i = 1, . . . ,m; r = 1, . . . , s.Input oriented modelFirst stage Seond stage
minλj ,θj

θj maxλj
Prob(1T (X̃λj − θ̂jx̃j) + 1T (ỹj − Ỹ λj)) − αs.t. Prob(ix̃λj < θjx̃ij) ≥ 1 − ǫ s.t. Prob(ix̃λj < θ̂jx̃ij) ≥ 1 − ǫ

Prob(rỹλj > ỹrj) ≥ 1 − ǫ Prob(rỹλj > ỹrj) ≥ 1 − ǫ
ϕ(1Tλj) = ϕ ϕ(1Tλj) = ϕ
λj ≥ 0 λj ≥ 0

i = 1, . . . ,m; r = 1, . . . , s.Table 1.3: Two stages of oriented almost 100% on�dene hane onstrained models
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Model Returns Envelopment Range Units Involves(Orientation) to Sale Type Invariant Non�ArhimedeanAdditive Variable Pieewise linear objetive value≤ 0 No NoConstant Pieewise linear No NoAlmost 100% on�dene Constant St. Hyperplane objetive value≤ σεΦ
−1(ǫ) No Yesadditive model; Problem (1.7) Variable St. Hyperplanes | 1T (Aλj − aj) + 1T (bj − Bλj) | No YesBCC model (input) Variable Pieewise linear 0 < θ ≤ 1 Yes YesBCC model (output) Variable Pieewise linear 1 ≤ φ Yes YesCCR model (input) Constant Pieewise linear 0 < θ ≤ 1 Yes YesCCR model (output) Constant Pieewise linear 1 ≤ φ Yes YesAlmost 100% on�deneoriented models, Variable St. Hyperplanes 0 < θ ≤ 1, 1 ≤ φ Yes YesProblems (1.14),(1.12) Constant St. Hyperplane 0 < θ ≤ 1, 1 ≤ φ Yes Yes(input, output) Table 1.4: Comparison of models
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Data summary statistisVariable Obs. Mean Std. Dev. Minimum MaximumSize 960 0.4398 0.5607 0.0140 5.3220Seed 960 18.4708 46.6819 1.0000 1250.0000Urea 960 96.5250 130.3932 1.0000 1250.0000Phosphate 960 33.8072 48.3489 0.0000 700.0000Labor 960 394.2240 496.0169 17.0000 4774.0000Gross yield 960 1413.9340 1966.0950 42.0000 20960.0000Table 1.5: Indonesian rie farm summary statistis
E�ieny sores summary statistisModel Obs Mean Std. Dev. Minimum MaximumDEA
BCCNorm 960 0.5672 0.2044 0.1912 1
CCRNorm 960 0.5256 0.1943 0.1775 1
BCCLogN 960 0.8987 0.0565 0.6484 1
CCRLogN 960 0.7561 0.0817 0.5143 1DEA�mean
BCCNorm 160 0.7641 0.1723 0.3698 1
CCRNorm 160 0.6721 0.1616 0.3436 1
BCCLogN 160 0.9360 0.0427 0.7730 1
CCRLogN 160 0.7918 0.1026 0.5867 1SDEA
BCCNorm 160 0.7343 0.2614 0.1500 1
CCRNorm 160 0.6594 0.2569 0.0791 1
BCCLogN 160 0.8714 0.1867 0.1519 1
CCRLogN 160 0.7260 0.2331 0.1456 1SFA
FE 160 0.5613 0.0992 0.3655 1
FEspatial 160 0.5435 0.1023 0.3274 1Table 1.6: E�ieny sores summary statistis
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E�ieny soresSore Farm SFA SDEA DEA average e�ieny sore DEA�mean
FE FEsp CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLNHigh 164 1.0000 1.0000 0.6660 0.7109 0.6442 0.6808 0.8635 0.8613 0.7782 0.9690 1.0000 1.0000 0.7362 1.0000118 0.9323 0.9269 0.6875 1.0000 1.0000 1.0000 0.8699 0.8754 0.7926 0.9778 1.0000 1.0000 0.7853 1.0000152 0.8993 0.8152 0.4109 0.6398 0.2872 0.2940 0.7922 0.8269 0.8595 0.9707 1.0000 1.0000 1.0000 1.0000153 0.7717 0.7487 0.7604 0.7899 0.9128 1.0000 0.6589 0.6710 0.7734 0.9347 0.8717 0.8768 0.7528 0.9459Medium 40 0.5535 0.5824 0.9622 1.0000 1.0000 1.0000 0.5969 0.6298 0.7348 0.9118 0.8476 0.8590 0.6776 0.9787101 0.5518 0.5282 0.5967 0.6117 0.8212 1.0000 0.5117 0.5252 0.6864 0.9028 0.6680 0.7005 0.6893 0.931180 0.5518 0.5166 0.2974 0.3012 0.5673 0.7255 0.5528 0.6064 0.7741 0.8842 0.5723 0.6305 0.8240 0.9205149 0.5495 0.5173 1.0000 1.0000 1.0000 1.0000 0.4588 0.5494 0.8046 0.8789 0.5981 1.0000 0.8589 0.8544Low 86 0.3980 0.3907 1.0000 1.0000 0.5822 1.0000 0.3351 0.3527 0.7280 0.8381 0.3859 0.4478 0.7608 0.8452143 0.3837 0.3596 0.4127 0.4960 1.0000 1.0000 0.3150 0.3539 0.7438 0.8202 0.4933 0.5247 0.7591 0.8722117 0.3790 0.3713 1.0000 1.0000 1.0000 1.0000 0.3944 0.4998 0.6907 0.8109 0.5387 0.8970 0.8572 0.880045 0.3655 0.3274 0.4770 0.6235 0.5744 0.7485 0.3814 0.5945 0.8252 0.8474 0.4896 1.0000 0.8862 1.0000Note: Farm identi�ation number is from original sample.Table 1.7: Comparison of tehnial e�ieny soresE�ieny rankingsSore Farm SFA SDEA DEA average e�ieny sore DEA�mean

FE FEsp CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLNHigh 164 1 1 71 84 96 138 2 3 54 3 1 1 111 1118 2 2 67 1 1 1 1 2 39 1 1 1 81 1152 3 3 131 96 155 157 3 4 3 2 1 1 1 1153 4 7 56 74 54 1 19 27 60 17 23 48 97 61Medium 40 79 48 42 1 1 1 41 44 109 51 25 51 140 34101 80 82 88 103 61 1 82 100 144 70 76 96 134 8180 81 91 148 148 120 123 56 54 59 115 111 116 56 102149 82 89 1 1 1 1 117 82 33 125 103 1 44 157Low 86 157 154 1 1 114 1 158 159 114 156 157 157 91 158143 158 158 130 126 1 1 160 158 96 159 142 149 93 152117 159 157 1 1 1 1 145 115 142 160 125 45 46 14745 160 160 115 99 116 121 148 60 18 153 144 1 28 1Note: Farm identi�ation number is from original sample.Table 1.8: Comparison of tehnial e�ieny rankings
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E�ieny rankings orrelationsSDEA DEA average e�ieny sore SFA
CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLN FE FEspSDEA

CCRN 1.00

BCCN 0.85∗∗∗ 1.00

CCRLN 0.49∗∗∗ 0.43∗∗∗ 1.00

BCCLN 0.39 0.46 0.62∗∗∗ 1.00DEA av.

CCRN 0.28∗∗∗ 0.28∗∗∗ -0.04 0.00 1.00
BCCN 0.28∗∗∗ 0.32∗∗∗ -0.03 0.02 0.85∗∗∗ 1.00
CCRLN 0.08∗ 0.05∗ 0.08∗ -0.04 0.30∗∗∗ 0.51∗∗∗ 1.00
BCCLN 0.23∗∗∗ 0.27∗∗∗ -0.08∗∗ -0.01 0.84∗∗∗ 0.80∗∗∗ 0.23∗∗∗ 1.00SFA

FE 0.25∗∗∗ 0.24∗∗∗ -0.02 -0.02 0.82∗∗∗ 0.71∗∗∗ 0.29∗∗∗ 0.85∗∗∗ 1.00

FEsp 0.21∗∗∗ 0.23∗∗∗ -0.08∗∗∗ -0.07∗∗ 0.79∗∗∗ 0.62∗∗∗ 0.11∗∗∗ 0.82∗∗∗ 0.89∗∗∗ 1.00Note: ∗∗∗,∗∗ and ∗ oe�ient signi�ane at 1%,5% and 10% level.Table 1.9: Spearman ranking orrelation oe�ients and signi�ane levelsE�ieny rankings orrelationsSDEA DEA�mean SFA

CCRN BCCN CCRLN BCCLN CCRN BCCN CCRLN BCCLN FE FEspSDEA

CCRN 1.00

BCCN 0.85∗∗∗ 1.00

CCRLN 0.49∗∗∗ 0.43∗∗∗ 1.00
BCCLN 0.39 0.46 0.62∗∗∗ 1.00DEA mean

CCRN 0.44∗∗∗ 0.41∗∗∗ 0.11∗∗∗ 0.05∗ 1.00
BCCN 0.46∗∗∗ 0.50∗∗∗ 0.15∗∗∗ 0.11∗∗∗ 0.64∗∗∗ 1.00
CCRLN 0.03 -0.02 0.14∗∗∗ -0.02 -0.02 0.30∗∗∗ 1.00

BCCLN 0.29∗∗∗ 0.31∗∗∗ 0.01 0.06∗ 0.56∗∗∗ 0.76∗∗∗ 0.24∗∗∗ 1.00SFA

FE 0.25∗∗∗ 0.24∗∗∗ -0.02 -0.02 0.72∗∗∗ 0.55∗∗∗ 0.04 0.54∗∗∗ 1.00

FEsp 0.21∗∗∗ 0.23 -0.08∗∗∗ -0.07∗∗ 0.71∗∗∗ 0.44∗∗∗ -0.22∗∗∗ 0.41∗∗∗ 0.89∗∗∗ 1.00Note: ∗∗∗,∗∗ and ∗ oe�ient signi�ane at 1%,5% and 10% level.Table 1.10: Spearman ranking orrelation oe�ients and signi�ane levels
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Chapter 2Fators a�eting e�ieny of West Java riefarms

The main objetive of this hapter is to investigate the inverse relationship between farmsize and e�ieny that has beame almost a �stylized fat� in the literature on agriul-tural development. The reent literature foused on agriultural eonomis in developingountries [e.g., Binswanger, Deininger, and Feder (1995, Barrett (1996, Towsend, Kirsten,and Vink (1998, Helfand and Levine (2004)℄ indiate that the size�produtivity relationis more omplex and aution must be used when advoating poliies for agriultural de-velopment. This analysis supports the hypothesis that the size�produtivity relation isnot straightforward negative and for small farms (less than 5 hetares) there exists athreshold size over whih e�ieny growth is observed with inreasing farm size.Reently, the Data Envelopment Analysis (DEA) studies [Dhungana, Nuthall, andNartea (2004, Sang and Hyunok (2004, Krasahat (2004, Umetsu, Lekprihkui, andChakravorty (2003); and Wadud and White (2000b)℄, with fous on the evaluation of riefarms' e�ieny, are motivated by the importane of rie prodution in the eonomiesof Asian ountries. I fous on Indonesian rie prodution in the West Java area. WestJava provine is the home of intensi�ation programs and agriultural development insti-tutions in Indonesia and the interest in this area is stressed by the fat that farmers fromJava island produed over 60% of Indonesia's total rie output at the time of the survey.Therefore, the aim of this hapter is to evaluate the tehnial e�ieny of rie farms. Todo this, the DEA approah is employed for evaluation of tehnial and sale e�ieny offarms. 41



The analysis of tehnial and sale e�ieny is followed by the analysis of farm har-ateristis and e�ieny sore relations. To evaluate these relations, a panel data versionof the Tobit model is used. The evaluation of the e�et of the farm spei� fators onthe e�ieny sores is foused on the farm size�produtivity relation. Also, the e�et ofthe later stage of the Indonesian government intensi�ation program, known as BIMAS,on tehnial e�ieny impat is investigated.Further, analysis presented in this hapter illustrates how to test hypotheses related tothe DEA performane measures using the data set used in the previous hapter and thatwas the fous of reent studies [Horrae and Shmidt (1996, Druska and Horrae (2004)℄on methodologial issues related to prodution frontier estimation. Horrae and Shmidt(1996) ompare various stohasti frontier methods (SF) with regard to onstruted on-�dene intervals for performane sore estimates and they prefer to use the SF methodsfor testing hypotheses related to performane sores beause the DEA does not provideon�dene intervals for performane measures. However, Simar and Wilson (2000) showhow a simple underlying model of data generating proess de�nes a statistial model,allowing determination of the statistial properties of the nonparametri estimators inthe multi�output and multi�input ase.This hapter is organized as follows. The next setion reviews the history of inten-si�ation program aims and rie prodution tehnology during the �Green Revolution�period. The third setion gives a review of DEA methodology used to evaluate farm's e�-ieny sores and Tobit estimation tehnique used to estimate the e�ets of harateristison the e�ieny sore. The fourth setion presents results from alulation of tehniale�ieny measures and estimation of its determinants. The last setion summarizes theresults and their relations to intensi�ation poliies.2.1 Rie farming in IndonesiaThe following review is foused on the main objetives of the BIMAS intensi�ationprogram. Also, in this setion fators related to tehnial ine�ieny of rie farming aredisussed. In the data subsetion, a desription of analyzed data is given.While in the 1960's agriulture ontributed 51% to Indonesian GDP and aording toPearson et al. (1991), despite output growth of agriultural produtivity the ontributionto GDP dereased to 31% by the end of the 1970's and further to 25% by the end the1980's. Even though this deline of ontribution to GDP, the importane of rie for42



the eonomy is stressed by the fat that it ontributes 50% of Indonesian agriultureprodution beause rie is a staple food. Also, in rie growing areas it is a major soureof inome for the farmers. Therefore, a ritial part of the eonomy stabilization proessare stable and low rie pries that beame goals of agriulture intensi�ation programs.To stabilize rie pries and inrease output of domesti rie produers, the Indonesiangovernment heavily supported the rie farming setor by subsidizing inputs for agri-ultural prodution and onsumer pries of rie were held below world market pries[Erwidodo, Sudaryanto, and Bahri 1999℄. Pearson et al. (1991) illustrate this situationby the fat that in the 1970s, the Indonesian rie prie averaged 30 % below the worldmarket prie. Due to the osts of subsidization and the importane of rie for food sup-ply as well as threat of famine, the Indonesian government laimed self�su�ieny as anational objetive.To meet this long term objetive, the Indonesian government has been alloating asizable amount of its budget to the agriultural setor sine the beginning of the 1970s.These funds were used to introdue various intensi�ation programs (e.g., BIMAS, IN-MAS and IPM) within the last thirty years. The e�ets of these programs were followingtypial patterns for the introdution of new tehnology. The early and late stages showedsmall produtivity growth while the most rapid growth is observed in the middle period.This is due to low implementation of new methods in the early stages and then due to thefat that the produtivity limits of the new tehnology were reahed in the later period(e.g., Umetsu, Lekprihkui, and Chakravorty 2003).Indonesia used to import 25% of all rie traded in the world market in the 1960s andearly 1970s, but exported small amounts in the late 1980s. This hange, known as the�Green Revolution� is a result of adopting new rie prodution tehniques, modern rievarieties and organizational hanges that were introdued as a result of intensi�ationprograms. Aording to Lokollo's (2002) report, in the mid 1980s Indonesia hangedits position from a net rie importer to being self�su�ient. Despite this produtiongrowth and inrease of rie prodution, the population growth pressure reverted the self�su�ieny trend and in the late 1980s Indonesian prodution was again not su�ient tomeet domesti demand for rie and Indonesia returned to a net importer position.The �rst e�orts of the Indonesian government to improve rie prodution tehnologyare dated to the 1950s. These e�orts inluded development of irrigation systems, estab-lishment of �paddy enters� and soil onservation. The growth of rie prodution untilthe late 1960s was driven through enlargement of rie prodution areas by onversion43



from sugar�growing land while the rie yield stagnated at 2 tons per hetare.Often by use of fore, the new high�yielding rie varieties (HYV), fertilizers and pes-tiides were introdued into the prodution proess in the beginning of intensi�ationprograms. Also, redit programs for farmers fored them to purhase input pakages,and they had to take the presribed pakage of seeds, fertilizers and pestiides. Inputsfor rie prodution were distributed through the village administration. The village ad-ministration fored (by utting down rop of those who were not growing rie with theassistane of the army) farmers to plant rie instead of growing more pro�table rops.Moreover, this administration often deided to spray large areas with pestiides by useof planes.As Lokollo (2002) or Daryanto, Battese, and Fleming (2002b) review, more farmerfriendly intensi�ation programs were introdued later, e.g., BIMAS (seeds and fertilizer,tehnial know�how, redit and guaranteed markets) and INMAS (extension of BIMAS,subsidized fertilizes and pestiides). In the late 1970s, extensions of the BIMAS programin form of the INSUS [in irrigated areas℄, and OPSUS [inputs for farms for free aord-ing loal resoure endowment℄ programs for groups of farmers were introdued. Theseprograms foused on the management of farms and planning. To promote oordinationof farmers and to apture eonomies of sale, another extension of the BIMAS programwas introdued in the form of the SUPRA INSUS program in the late 1980s.In the 1990s Indonesia su�ered from a deep politial, eonomi and �nanial risis.As Erwidodo, Sudaryanto, and Bahri (1999) review, the Indonesian government was alsofored to reform its agriultural poliies. This led to agriultural liberalization beausethe regulatory body (National Logisti Ageny, BULOG) was seen as the main soureof agriultural distortions. Liberalization inluded elimination of the state monopoly onagriultural imports, introdution of international and provinial tari�s and the redutionof trade restritions on a number of agriultural produts. Sine 1998, the fertilizerdistribution monopoly was eliminated and fertilizers are traded at market pries. Furtherreforms inlude promotion of adequate inentives to rie farmers, hanges in the role ofgovernment in marketing and food distribution and further redution of non�tari� barriersfor agriultural markets.Reently, the main objetive has not been to attain zero a import position of rie butto adequately feed the population and redue poverty. This goal should be ahieved byreduing distortions to the farming inputs market that result from heavy subsidization offertilizer and pestiide. These reforms should be followed by an inrease in ompetition44



in the agriultural setor, whih should promote more e�ient use of prodution fators.Erwidodo, Sudaryanto, and Bahri (1999) onlude that despite the unlear results ofthe introdued agriultural reforms in the near�term, there remains a potential soure offuture eonomi growth.As it follows from the above intensi�ation program review, the BIMAS program[Bimbingan Masai or �mass guidane� intensi�ation program℄ was the most importantingredient of the rie development poliy in the 1970s and its in�uene on produtivityinrease delined in the 1980s after most farmers adopted HYVs and were apable offunding the prodution inputs from rie farming pro�ts. Aording to Pearson et al.(1991), in 1969 yield on sawah in Java was on average 2.6 tons of rie per hetare, anduntil 1987 these yields had inreased to about 5 tons per hetare.The most signi�ant fator of this inrease in rie produtivity in the period in 1970sand 1980s was the spread of high�yield rie varieties. By the mid�1980s, 85% of riefarmers used high yield variety seeds, ompared with 50% in 1975. This was a result ofthe promotion of HYVs together with subsidized fertilizers, pestiides, and redit throughthe �mass guidane� intensi�ation program. During 1970s, Indonesian farmers inreasedtheir onsumption of pestiides sevenfold and their onsumption of fertilizers fourfold,even though Indonesian farmers used only 20�25% of the amounts used by farmers inJapan, Taiwan or South Korea; see Table 6.6 in Barker, Herdt, and Rose (1985). Thelater introdued extensions of the BIMAS program ontinued to o�er tehnial assistaneto farmers unfamiliar with the new ultivation tehniques.The general belief of farmers involved in the BIMAS program was that more agro-hemial inputs (fertilizers and pestiides) will lead to even higher yields. (Gallagher)explains that the massive use of subsidized pestiides (farmers paid only 10 to 20 % ofthe world prie of pestiides) led to outbreaks in rie prodution when more than one mil-lion of hetares were infested by pests, e.g., insets like brown planthopper. The appliedpestiides damaged the rie eosystems so muh that bene�ial predators and parasiteswere destroyed; therefore, migrating pests survived without any mortality and destroyedrops. To help redue pestiide use, in 1989 the subsidy on pestiides was eliminated.(Gallagher) onludes that sine 1989 no outbreaks have ourred and farmers were ableto inrease yields without inreased pestiide use.The aforementioned problem of heavy pestiide use is only one from a range of soio�eonomi and demographi fators that determine e�ieny of rie farms. Literatureon tehnial e�ieny of rie farms [Wadud and White 2000b; Daryanto, Battese, and45



Fleming 2002b℄ lists fators like redit availability, farm size, weather, topography andpoor soils as the prinipal prodution onstraints. Tehnial fators inlude irrigation(often not funtional in the dry season when the irrigation system is in short supply ofwater), plot size and land degradation. Espeially during the wet season, the qualityof roads and ommuniation failities are onstraining the movement of inputs to thepaddies that results in rop losses. Also non�physial fators like experiene, age, yearsof shooling, ownership struture and information availability are onsidered as relevant,e.g., Parikh, Ali, and Shah (1995); Dhungana, Nuthall, and Nartea (2004); Timmer(1971); and Dhungana, Nuthall, and Nartea (2004).2.1.1 Data desriptionThe data used in this hapter were previously used by Druska and Horrae (2004) andHorrae and Shmidt (1996) in their studies on theoretial developments of methods forstohasti frontier analysis (SFA) and in the previous hapter.The used panel data ome from an individual rie farm survey by the IndonesianMinistry of Agriulture that begun in 1977. These farms were seleted from six villages[Wargabinangun, Lanjan, Gunungwangi, Malausma, Sukaambit, Ciwangi℄ in CinamukRiver Basin area in West Java, and farms were surveyed over six growing periods (threewet and three dry periods). These villages are a sample of heterogenous environmentwith various altitudes (sea level, entral area of West Java and highland) and the villagesinfrastruture (both in low and highlands, where not all villages are aessible by all�weather loal roads).The sample used for analysis overs 160 farms after I removed outliers (performaneoutliers and errors in data) aording to yield per hetare riterion and omparison of netand gross yield of farms. After this orretion, the used data still ontains farms with awide range of harateristis.Table 2.1 summarizes of desriptive statistis of used inputs and outputs. Land isonsidered as the most important input, and it is represented as the size of rie farmsin hetares. Approximately 90% of farms in the sample are smaller than 2 hetares.As reported by Fredierik and Worden (1992) and Pakpahan (1992), the 1973 and 1983agriultural ensus showed that about 44% perent of all farm households were eitherlandless or operated holdings too small (0.5 hetare) to meet more than subsistenerequirements. The ensus shows that average farm size in Java was 0.66 hetare, while in46



other parts of the arhipelago and outer islands the farms were larger and the average sizeranged from about 1.33 to 2.71 hetares. At the same time, the average size of rie farmsin Thailand was 2.9 hetares and 8.7 hetares in the USA. Ray (1998) summarizes thatthe low value of per apita land holdings is transformed into the fat that a signi�antfration of farms are owner�operated. The other ontratual arrangement of land rentingin Asia that ours frequently is shareropping under whih tenants ede to the landlorda presribed fration of his rop. Ray (1998) reports that 60 % of tenanted land inIndonesia is tenanted under the shareropping arrangement. In the analyzed sample, onethird of farmers operate at least a part of their land under share tenany.Based on previous researh on rie farms in Asia [e.g., Erwidodo 1990, Umetsu,Lekprihkui, and Chakravorty 2003 and Krasahat 2004℄, I use quantity of seeds, urea,triple superphosphate (TSP) and labor to quantify the rest of the inputs that harater-ize prodution tehnology. I abstrat from the role of mehanization or use of animalsas prodution inputs beause from Barker, Herdt, and Rose's (1985) review of meha-nization studies follows that almost no hange ourred in ropping intensity after theintrodution of trators for land preparation. Moreover, they report a �eld experimentwhih ompared alternative land preparation tehniques and failed to show any di�erenein wetland rie yields.In the sample, the employment of HYVs is still very low but tends to inrease over theobserved periods. Close to one third of farmers used HYVs in the �rst observed season,and the use of HYVs is inreased to 50% in the last period. Aording to statistispresented by Lokollo (2002) this re�ets the overall proess of HYV employment, whenin 1974 33% of farmers employed modern rie varieties and employment was inreasedto 77% of farmers by 1989. The use of the HYVs is one of the rie prodution growthdrivers, when HYVs yielded on average approximately 1.4 times more rie than traditionalvarieties in the 1970s in Asia.Total quantity of urea and phosphate are used to measure the amount of fertilizersapplied by farmer beause the use of fertilizer make a substantial ontribution to the rieyield inrease. But as Barker, Herdt, and Rose's (1985) estimations of yield responseto amount of fertilizer show, this ontribution dereases with an inrease in the level ofapplied fertilizer.Labor inludes both family and hired labor in rie prodution and is measured byman�hours. Labor is used to repair dikes; raise, pull and transplant seedlings; harvest andthresh. The rie prodution in Indonesia is harateristi by its very high labor intensity47



and very low level of mehanization; when in this area there was only 1 trator availableper 200 hetares. Therefore, land preparation in wetland ultivation area on Java remainslargely unmehanized during the onsidered period and Pearson et al.'s (1991) estimatebased on alulations from survey data plae trator use on about 7% of total ultivatedarea in 1987. Barker, Herdt, and Rose (1985) reports that in the 1970s innovative farmerson Java used 200�250 days of labor to ultivate 1 hetare of rie. On average, Indonesianfarmers in the analyzed sample used 173 man�days per hetare, but this is still threetimes more than reported for Thailand and Burma (Table 3.5 in Barker, Herdt, and Rose1985) and approximately two times more than Umetsu, Lekprihkui, and Chakravorty(2003) report for the Philippines. Due to the low employment of mehanization, theonsidered prodution mix does not inlude trator or animal work.In this hapter, two de�nitions of a farm's outputs are used to assess the robustnessof the results with respet to prodution mix spei�ation. In the model, referred toas one�output, a farm's output is desribed only by the gross observed rie produtionin kilograms. Due to high labor intensity of rie harvesting farmers, usually hire share-roppers to harvest rie. The harvesting ost is paid in terms of rough rie harvested.Therefore, the gross rie prodution an be deomposed into net yield and rie used toover the harvest osts measured in kilograms of rie and the this model is referred to asa two�output model.In the seond stage of analysis, the e�et of the type of rie variety together withland status (owner, shareropper) and type of the BIMAS program partiipation [non-BIMAS farmer, mixed, BIMAS farmer℄ is examined. In the analyzed sample, farmerstend to drop out from the program. In the �rst period 66% of farmers are not takingpart in the program while in the last period 87% are not. Further, I also investigatethe in�uene of the prie (in Rupiah per kilogram) of seeds, urea and phosphate on thetehnial e�ieny sores beause due to low pries farmers tend to overuse heap inputs.Overuse of inputs may lead to a derease in produtivity rather than to an inrease asin the ase of pestiide use. In this analysis, the use of hemial protetion of plants ismeasured by pestiide osts (in thousands of Rupiah).1
1In the late 1970s, 1000 Indonesian Rupiah had a value of approximately 2 USD.48



2.2 MethodologyIn this hapter, a two�stage proedure is employed to evaluate the e�ets of rie farmharateristis on the e�ieny of prodution mixes used by farms. In the �rst stage,the performane of the deision making unit (DMU, farm) is alulated by the non�parametri approah based on Farrell's (1957) measures of e�ieny by Farrell (1957)and Farrell and Fieldhouse (1962). This approah to measurement of tehnial e�ienyis one of the most popular approahes in reent performane analysis studies.In Farrell's (1957) onept, the overall e�ieny (OE) is a multipliative ombinationof tehnial (TE) and alloative e�ieny (AE), so that OE=TE*AE. Alloative e�ienymeasures the extent to whih an analyzed DMU produes its outputs in a proportion thatminimizes osts of prodution, assuming that the unit is already fully tehnially e�ient.Tehnial e�ieny measures the extent to whih inputs are onverted to outputs relativeto the best pratie and does not depend on pries of inputs and outputs as does Hanohand Rothshild's (1972) non�parametri onept for testing hypotheses about produtionrelations.In Farrell's (1957) onept, the farmer's deision proess may fail in two di�erentways. Eonomi theories usually onsider the ase when the marginal produt of some orall fators are not equal to their marginal osts, then the alloative deision is ine�ient.The seond ase onsiders the failure to produe the maximum possible output from agiven mix of inputs and this means that the tehnial deision is ine�ient. In this work,tehnial e�ieny serves as a proxy for overall e�ieny beause in environment whereinput and output pries are heavily distorted by various subsidization, shemes alloativee�ieny does not work as a good measure of e�ieny.In the �rst stage of the analysis, the tehnial e�ieny of individual farms is evaluatedby the data envelopment approah (DEA). Sine the prodution frontier in the DEAapproah is deterministi, the resulting e�ienies ontain noise from data. Therefore,in the seond stage of this analysis, the features of the operating environment (farmharateristis) are used to explain the omputed tehnial e�ieny sores by estimatingan e�ieny model. As it follows from the DEA e�ieny sore de�nition, the DEA sorefalls between the 0 and 1, making the dependent variable (e�ieny sore from the �rststage of analysis) a limited dependent variable. Therefore, the Tobit model is suggested[e.g., Cooper 1999; Grigorian and Manole 2002℄ as an appropriate model in the seondstage of analysis when onsidering the e�ets of farm's harateristis on the a farm's49



e�ieny sore.2.3 E�ieny measurementThe DEA approah introdued in a seminal paper by Charnes, Cooper, and Rhodes(1978) uses linear programming to pursue Farrell's (1957) onept of tehnial e�ienyto evaluate performane. Charnes, Cooper, and Rhodes's (1978) approah deals withmultiple inputs and multiple output tehnology by omputing the maximal performanesore for eah deision making unit relative to all other units in the sample. For eahunit, the unit's performane sore is alulated by omparing its prodution mix with ane�ient unit (loated on the tehnology frontier) or with onvex ombination of di�erente�ient units (weighted mix of other deision making units).The ommon feature of estimation tehniques based on Farrell's (1957) e�ienyde�nition is that the information is extrated from extreme observations in the senseof tehnial e�ieny, to form the best pratie prodution frontier. This makes DEAsores sensitive to errors in data. However, the main advantage of the DEA approah isthat it does not require the assumption of a funtional form for the spei�ation of theinput�output relation.Tehnial e�ieny is onsidered in terms of the optimal ombination of inputs toahieve a given level of output (an input�orientation) or the optimal output that an beprodued given a set of inputs (an output�orientation). This analysis is foused on input�oriented models, where DMU's ability to onsume the minimum input given the level ofoutputs that should be attained is onsidered. The input orientation is more appropriatein this ase beause the output level is given by the target of rie prodution that shouldattain the self�su�ient level (zero imports). The deision on the orientation of DEAmodels is also supported by onsidering the degree of farmer's ontrol over variables inDMU's prodution mix (rie farm). Rie farmers have more ontrol over their inputs thantheir outputs. Therefore, as in other agriultural produtivity studies [e.g., Wadud andWhite (2000b, Davidova and Latru�e (2003); and Krasahat (2004)℄, the input�orientedDEA model is used.When using the DEA approah, the set of n homogenous farms desribed by an inputvetor xj = (x1j , . . . , xmj)
T ∈ Rm

+ of m inputs are employed to produe s outputs inamounts desribed by vetor yj = (y1j , . . . , ysj)
T ∈ Rs

+.
2 Therefore, data on prodution2Here, R+ means the set of positive real numbers and 1 is a olumn vetor of ones.50



proess observations onsist of n pairs of input�output vetors (xj , yj) ∈ Rm+s
+ and byaggregating these vetors, the following matrix notation is used to desribe inputsXm×n =

(x1, . . . , xn) and outputs by matrix Ys×n = (y1, . . . , yn).The DEA methodology approah developed by Charnes, Cooper, and Rhodes (1978)and reviewed by Seiford and Thrall (1990) and by Charnes et al. (1994) show that Farrell's(1957) input�oriented e�ieny measure for the DMUj is found as an optimal solutionto the following linear programming problem (model):
min

λj ,θj ,ej ,sj

θj (2.1)
s.t. Xλj + ej = θjxj ,

yj − Y λj + sj = 0,

ϕ(1Tλj) = ϕ,

λj, ej , sj ≥ 0,where λj ∈ Rn
+; θj ∈ R+; ej ∈ Rm

+ ; sj ∈ Rs
+ and ϕ is 0 for the model (CCR model) withonstant returns to sale introdued by Charnes, Cooper, and Rhodes (1978) and 1 forthe model (BCC model) with variable returns to sale by Banker, Charnes, and Cooper(1984). For the DMUj the optimal value θ∗j measures the maximal equi�proportionalinput redution without altering the level of outputs. The vetor λ∗j of intensity variablesindiates partiipation of eah onsidered farm in the onstrution of the virtual referenefarm that the DMUj is ompared with.Problem 2.1 is solved n times to generate the optimal values of the objetive funtionand the elements of intensity variables vetor λ for eah farm.3 In the DEA literature [e.g.,Charnes et al. 1994; Banker, Charnes, and Cooper 1984℄, the e�ieny of the DMUj isevaluated using the optimal solution (λ∗j , θ
∗

j , e
∗

j , s
∗

j) of Problem 2.1 under the assumptionof the seleted returns to sale (RTS) type aording to the following theorem:Theorem 4. E�ient DMUj : The DMUj is DEA e�ient if both of the followingonditions are satis�ed: 1) θ∗j = 1; and 2) all values of slaks are zero: 1T e∗j = 0 and
1T s∗j = 0. Otherwise the DMUj is ine�ient.If the DMUj is identi�ed as ine�ient aording to Theorem 4, optimal values ofnon�proportional slaks e∗j , s∗j and the optimal value θ∗j identify the soures and levels of3For more information on solving DEA models, see hapter �Computational aspets of DEA approah�in Charnes et al. (1994). 51



present ine�ieny and the following input�oriented e�ieny measure by Tone (1993)that aounts for the presene of proportional and non�proportional slaks:
χj =

(
θ∗j −

1T e∗j
1Txj

)
1Tyj

1TY λ∗j .
(2.2)Properties of Tone's (1993) e�ieny measure guarantee that this e�ieny measureuniquely identi�es the e�ient DMUj when χj = 1. Further, the properties of χj (mono-tonially inreasing in values of inputs and outputs; dereasing in the relative values ofthe slaks; and units' invariany) provide rationale for the use of this e�ieny measureto reate e�ieny ranking for the analyzed DMUs.Solving the CCR version of the problem 2.1 (ϕ = 0), the total tehnial e�ienymeasure φ∗

j (CCR) is obtained by omparing of small sale units with large sale unitsand vie versa without onsidering the eonomies of sale. This may be inappropriatefor all of the farms in the sample; therefore, the BCC model (ϕ = 1 in problem 2.1)that allows for variations in the RTS is onsidered. The BCC model formulation allowsone to alulate the pure tehnial e�ieny φ∗

j(BCC) and deompose the tehniale�ieny sore into pure tehnial e�ieny and sale e�ieny (SE). Evaluation of thesale e�ieny measure of the DMUj assumes alulation of φ∗

j(BCC) and φ∗

j(CCR) andthe sale e�ieny measure is alulated as in the summary of SE alulation methodsby Löthgren and Tambour (1996):
SEj =

φ∗

j(CCR)

φ∗

j(BCC)
. (2.3)The value of the SE measure is interpreted in the following way: if SEj = 1 then theDMUj is onsidered as a sale e�ient unit and this unit shows onstant returns to saleproperty (CRS); if SEj < 1 then the prodution mix of the DMUj is not sale e�ient.Sale ine�ienies arise beause of the presene of either dereasing (DRS) or inreas-ing (IRS) returns to sale. As largely outlined in the DEA literature [e.g. Färe andGrosskopf 1994; Zhu and Shen 1995; and Löthgren and Tambour 1996℄, returns to saleharaterize loally the prodution frontier so that they an be solely omputed withrespet to originally e�ient DMUs or projetions (equi�proportional inputs redution)of ine�ient DMUs belonging to the prodution possibility set.Following the Löthgren and Tambour's (1996) review of identi�ation of the RTS typeproedures, the method of the sum of the intensity variables is employed. This method52



originates from Banker, Charnes, and Cooper's (1984) analysis of the CCR model byCharnes, Cooper, and Rhodes (1978). The ability to determine the RTS type of theDMU by Banker, Charnes, and Cooper's (1984) method was later questioned by Färeand Grosskopf (1994) and an improved method of sum of the intensity variables is given,as in Zhu and Shen (1995), by the following theorem:Theorem 5. Sum of intensity variables method: For the spei� DMUj, let us de�ne
SEj =

θ∗j (CRS)

θ∗j (V RS)
. We have SEj = 1 i� the DMUj exhibits CRS; otherwise if SEj < 1, then

∑
λ∗j < 1 i� the DMUj exhibits IRS; ∑λ∗j > 1 i� the DMUj exhibits DRS.An important part of the DEA is the analysis of e�ieny sore sensitivity with respetto model spei�ations. In this hapter, the omparison of the stohasti frontier methodwith the DEA and the stohasti DEA approah presented in the previous hapter isutilized. For analysis of e�ieny determinants, the additive formulation of produtionfuntion is used beause this formulation (pieewise linear envelopment surfae) is moreonsistent (in terms of rank orrelation) with stohasti frontier analysis than the modelwith multipliative formulation (pieewise Cobb�Douglas envelopment surfae) as shownin the previous hapter. Further, the robustness of alulated e�ieny rankings is an-alyzed with respet to model spei�ation by use of two di�erent output spei�ations.The onsisteny of e�ieny ranking is evaluated by using a rank orrelation oe�ient bySpearman (1904) and the hypothesis of rank independene is tested. Spearman's (1904)rank orrelation oe�ient is used beause its important feature is lower sensitivity toextreme values when ompared with the standard orrelation oe�ient.42.4 Tobit modelThe goal of the seond stage is to explore relationships between the tehnial e�ienymeasure and other relevant variables suh as size, rie variety used, BIMAS partiipationor intensity of fator employment. Some of the onsidered fators are neither inputs oroutputs of the prodution proess, but rather irumstanes faed by deision makers,e.g., wet growing period, pries of inputs or loation of paddy.The used two stage proedure originates from Timmer's (1971) idea for the expla-nation of aggregated (at state level) tehnial e�ieny of individual farmers. Kumar4For implementation details of Spearman's (1904) rank orrelation oe�ient, see Stata Corporation(2003). 53



and Russell (2002) used this proedure to regress the hange in e�ieny against theoutput per worker to show that output per worker is positively related with the hangein the tehnology index onstruted by using the DEA. Further, Cooper (1999) arguesthat the seond stage regression is useful for heking the onsisteny of the DEA resultsand identi�ation of explanatory variables. Moreover, as Fried, Shmidt, and Yaisawarng(1999) summarize, an advantage of the two-stage approah is that the in�uene of theexternal variables on the prodution proess an be tested in terms of both sign andsigni�ane. However, they point out that the disadvantage is that the seond stage re-gression ignores the information ontained in the slaks and surpluses and this may biasthe parameter estimates and give misleading onlusions regarding the impat of eahexternal variable on e�ieny. Therefore, they proposed a four stage proess to orretthe measure of tehnial e�ieny for the presene of slaks. Fried et al. (2002) presentan improved version of Fried, Shmidt, and Yaisawarng's (1999) tehnique for inorpo-rating environmental e�ets and statistial noise into a produer performane evaluationbased on data envelopment analysis (DEA) where the slaks are deomposed to a partattributable to environmental e�ets, a part attributable to managerial ine�ieny andto a part attributable to statistial noise.Let us assume that the e�ieny of farms ould be presented, in a simpli�ed settingsuggested by many studies [e.g., Parikh, Ali, and Shah 1995; Hallam and Mahado 1996;Llewelyn and Williams 1996; Sha�q and Rehman 2000; and Grigorian and Manole 2002℄by the following funtion:
χjt = E(Fjt, Pjt, Xt, ǫjt),where χjt is the measure of farm j e�ieny in period t, Fjt is a vetor of farm j spei�variables, Pjt is a vetor of eonomi fators, Xt is a vetor of period t external fators thatare likely to a�et the e�ieny of farm j; βj is a vetor of parameters to be estimatedand ǫj is the part attributable to statistial noise.The DEA approah provides e�ieny measure χjt with distribution bounded between1 and 0. Alternatively, the e�ieny sores are ensored at 0.9 when assuming that thereis not too muh di�erene between fully e�ient farms and over 90% e�ient farms. Inthis ase the ordinary least squares method an not be applied beause the expeted errorswill not equal zero, and so standard regression will provide a biased estimate. Therefore,the limited dependent variable approah is preferred and the Tobit model is applied.Following Kmenta (1990) and Wooldridge (2002), the model an be written in follow-54



ing way:
χ∗

jt = αTF + βTP + γTX + εjt, (2.4)where χ∗

jt is a latent variable that refers to the tehnial e�ieny of rie farms and x areexplanatory variables. However, due to nature of the e�ieny measure, the following isobserved:
χjt = 0 if χjt ≤ 0 (2.5)
χjt = χ∗

jt if 0 < χjt < 1

χjt = 1 if 1 ≤ χjt.To estimate the e�ets of farm harateristis on the tehnial e�ieny sore, theTobit and random�e�et Tobit models are used. The random�e�et Tobit model ap-tures individual�spei� e�ets, assuming no orrelation between the individual�spei�e�ets and explanatory variables. The random�e�et Tobit model for e�ieny sores isonsidered in the following form:
χ∗

jt = αTF + βTP + γTX + νj + ǫjtassuming that χjt is ensored at 0 and 1 (0.9 respetively). In here random�e�ets, νj, areiid N(0, σ2
ν) and ǫjt are iid N(0, σ2

ǫ ) independently of νj . Assessed models are estimatedusing the maximum likelihood estimation proedures implemented in STATA.Here, the �xed�e�et Tobit model is not used to model the e�ieny sore, as theredoes not exist a su�ient statisti that allows the �xed�e�et to be onditioned out ofthe likelihood. Unonditional �xed�e�et Tobit models may be �tted by using the Tobitmodel with an individual indiator. However, these estimates are biased. Aordingto Greene (2004), the variane estimator (ruial parameter for inferene and analysispurposes) in the Tobit model is a�eted speially in samples with a small number of timeperiods observed, as in the ase of this analysis.However, it is possible to ontrol for orrelation with unobserved heterogeneity beauseWooldridge (2002) suggests that in this ase one should utilize an assumption presentedby Mundlak (1978). Mundlak (1978) assumed that unobserved heterogeneity an bemodelled as a funtion of the means of inluded regressors. So, the following relation55



is assumed: νj = ᾱT F̄j + β̄T P̄j + γ̄T X̄j + δj . Here, δj is assumed to be a part of afarm's unobserved heterogeneity suh that it is unorrelated with regressors F, P,X and
F̄j , P̄j, X̄j, where F̄j, P̄j, X̄j, are vetors of farm j means for individual regressors over theobserved growing periods. After, the additional set of mean regressors is inluded, thee�ieny equation an be estimated by the random�e�et Tobit approah.2.5 Tehnial e�ienyAs mentioned in previous setions, the tehnial e�ieny and pure tehnial e�ienysores are evaluated by use of the input�oriented DEA models via solving Problem 2.1 fortwo di�erent output spei�ations under the assumption of a period spei� produtionfrontier. The model with the output spei�ed by gross rie prodution is referred toas the one�output model and the model with harvest ost and net rie used to speifyprodution output is referred to as the two�outputs model. Further, for the two�outputsspei�ation, e�ieny sores were alulated under the assumption of the time invariantprodution frontier (pooled sample, referred to as the pooled DEA).The DEA estimates of tehnial e�ieny are summarized in Table 2.2. The di�er-enes in e�ieny sore (χ) and tehnial e�ieny sore (θ) result from the presene ofpositive non�proportional slaks (e, s). From omparison of χ and θ values, it an beobserved that these non�proportional slaks are less important than equi�proportionalredution of inputs (θ).From omparison of the reported tehnial e�ieny sores with Krasahat's (2004)results for Thai rie farms, it an be onluded that West Javan and Thai rie farmsare operating approximately at the same level of relative e�ieny. Krasahat (2004)reports an average tehnial e�ieny sore of 0.74 for Thai farms while in the analyzedsample of West Javan, farms the tehnial e�ieny ranges from 0.60 to 0.77 (underthe assumption of the time varying prodution possibility frontier). Also, the tehniale�ieny sores of West Javan rie farms are lower than tehnial e�ieny sores of riefarm in Bangladesh reported by Wadud and White (2000b), where the average tehniale�ieny ranges from 0.86 to 0.91 and standard deviation ranges from 0.10 to 0.12.With awareness of the fat that Llewelyn andWilliams (1996) used an output�orientedmeasure, these results an be liken to results presented in Llewelyn and Williams's (1996)study on multi�produt food�rop produing farms (58.1% of their prodution an be at-tributed to rie) in East Java during the 1994 growing season. Llewelyn and Williams56



(1996) reports farms' tehnial e�ieny in the range from 0.95 to 0.98 with standarddeviation ranging from 0.019 to 0.043. Also, the histograms of omputed tehnial e�-ieny sores plotted in Figure 2.1 and 2.2 illustrate the observed high degree of diversityin farms' performane. In both �gures, the typial pattern of the DEA e�ieny measuresharaterized by a peak at one is observed. From a omparison of standard deviationvalues, it follows that produtivity performane of West Java rie farms was muh moreheterogenous than in other ountries at that time and in East Java in early 1990s. There-fore, it is appropriate to onjeture that the low average tehnial e�ieny performaneof West Java farms is aused by high heterogeneity of rie farming praties in Indonesiain the late 1970s.Assessing the sale e�ieny results reported in Table 2.2, one an onlude thatsale ine�ieny is not the major soure of Indonesian rie farm ine�ieny. The averagesale e�ieny value of 0.90 is omparable to sale e�ieny sores of farms in Thailand[0.96 reported by Krasahat (2004)℄ and Bangladesh [0.91 reported by Wadud and White(2000b)℄. The international omparison of the RTS identi�ation is presented Table 2.3.These results shows that most of the farms in West Java and Bangladesh operate in theprodution possibility region with dereasing returns to sale property. While in the aseof Thailand and East Java, most of the farms are operating in either the onstant orinreasing returns to sale region of their prodution possibility set.From these results it follows that inreases in inputs intensity leads to less than aproportional inreases in the outputs beause farmers were not using the proper mix ofinputs that ould generate onstant or inreasing returns to sale of operations. Tehniale�ieny results suggest that at the time of the survey, it was more bene�ial to drivethe e�ieny improvements through the employment of �best pratise� tehnology thantrying to exploit the sale of operations. Beause the size of operations onsidered bygovernment programs, further analysis examines the size of the operations�produtivityrelation in detail in the following setion.The onsisteny of DEA results with respet to spei�ation of the input�output re-lation is evaluated by omparing e�ieny rankings. To ompare SFA and DEA results,the DEA rank is onstruted using the average e�ieny sore omputed over the on-sidered growing periods. Table 2.4 reports rank orrelation oe�ients for models witha time varying prodution frontier that ranges from 0.73 to 0.97. Also, high values ofranking orrelation oe�ients (0.65�0.93) under the assumption of a ommon frontierfor all periods reported in Table 2.5 support the hypothesis of robust input�output spe-57



i�ations. The box plots in Figure 2.3 show development of tehnial and pure tehniale�ieny over the observed growing periods. These box plots show that there no signi�-ant tehnologial hange over the observed periods. This result is also supported by ananalysis of the Malmquist produtivity index of tehnologial hange, where the index ofgeometri average tehnology hange is 0.978 and the average index of e�ieny hangeis 1.007 (the unity value of index means no hange). Further, the DEA rankings areompared with the SFA rankings estimated by Druska and Horrae (2004). Aording tothe literature on parametri and non�parametri methods omparison, e.g., Wadud andWhite (2000b), a high level of DEA�SFA ranking onsisteny is observed. Beause ineah ase the majority of the farms are sale ine�ient and operating in the dereasingreturns to sale region, the following analysis is foused on the e�ieny sores obtainedfrom two�output models under variable returns to sale.2.6 Fators assoiated with e�ienyUsing the e�ieny sores from the model with a time varying prodution frontier andassessing harateristis of ine�ient and e�ient farms summarized in Table 2.6, itseems that larger farm size, lower usage of fertilizers and higher pestiides osts tend tobe assoiated with the tehnial e�ieny of farms. To provide a loser look on shifts indistribution of e�ieny, box�plots in Figure 2.4 illustrate the relation of mean values ofe�ieny sore (under CRS and VRS assumption) aording to ategories of ownership,variety type and BIMAS partiipation. Even partial appliation of high yielding varietiesshifts farms towards higher e�ieny. Mixing types of land status is re�eted in a shifttowards less e�ieny. This may re�et fritions originating from heterogenous ownershipstrutures of the land. An striking distributional shift ours when partiipation inan intensi�ation program with e�ieny is onsidered. The downward shift may beattributed to the fat that farmers were reeiving the same pakage of inputs that werenot e�ient prodution mixes for all of them due to the heterogeneity of onditions.Also, partiipating farmers due to easy availability of inputs [e.g., pestiides℄ may tendto overuse these inputs.For a more detailed analysis of fators related to tehnial e�ieny, a Tobit modelis used. To do this the e�ieny is traked over time under a time variant and invariantprodution possibility frontier. In the ase of the time varying frontier, the e�ienyof farm may not be diretly ompared with the e�ieny of another farm in di�erent58



time (inluding itself) beause the farm is in eah period ompared to di�erent �bestpratie� farms. However, this analysis is bene�ial for assessing the relative performaneimprovements. When a pooled prodution frontier is used, the e�ieny of a farm maybe diretly ompared and traked over time beause the prodution possibility frontier isonstruted by use of the same best performers in all periods. Using this approah, thedownward e�ieny shift is observed in the ase when all DMUs in some period faedan unfavorable prodution ondition, e.g., the third and fourth period in Figure 2.3. Toontrol for these unfavorable onditions, time dummies (t3, t4) are introdued.In the reent literature on agriultural development [Pearson et al. (1991, Towsend,Kirsten, and Vink (1998, Llewelyn and Williams (1996, Davidova and Latru�e (2003); andHelfand and Levine (2004)℄, the most ommon variables used to asses the fators assoi-ated with farms' e�ieny over harateristis like farm size, age of farmers, shooling ofthe farmers and employment level of mahinery. The Tobit regression de�ned by equation2.4 is estimated for all ombinations of frontier types and orretions of e�ieny sores(ensoring bound).The fators analyzed an be divided into three groups: farm spei� variables (in-tensity of inputs � labor, fertilizers, seeds and farm size; organizational struture � landstatus, BIMAS partiipation, rie variety used), eonomi fators (pries of some inputs)and environmental fators (wet�dry period, village). Due to the assumption of homo-geneity of inputs in all six villages (partiulary land quality, sea level), village dummiesare inlude into the models to ontrol for di�erenes aross villages.Table 2.8 reports the results of the Tobit and random�e�et Tobit estimations andTable 2.9 reports the results of the random�e�et estimation when Mundlak's (1978)orretion is applied. In all estimated models, only signi�ant the e�et of geographialloation is found for Ciwangi village. This re�ets the fat that Ciwangi village is loatedin the enter part of West Java island with an average altitude of 375 meters, while therest of the villages are loated along the oast (10�15 meters above sea level) or in theentral area of island (600�1000 meters above sea level). The di�erene between the DEAapproah and the stohasti frontier analysis is illustrated by low signi�ane of loatione�et when DEA is used, while Druska and Horrae (2004) report that SFA sores showsigni�ant spatial e�et.All the oe�ients related to the intensity of input use per hetare have the expetedsign, and high onsumption of input per unit of size may indiate wastage of the on-sidered input. Sizes of the e�ets indiate possible substitutability between labor and59



biohemial inputs (fertilizers and seeds) when searhing for e�ieny improvements asmentioned by Barker, Herdt, and Rose (1985) in the hapter on trends in labor use. Theyalso mention that experiments on proper timing and plaement of fertilizer suggest thatfertilizer inputs an be redued as muh as one third without lowering yields.As it follows from the estimation results, the e�et of the wet season is not learbeause several opposing e�ets our. It would be natural to expet that a signi�antpositive e�et of the wet season is due to water demanding nature of rie. The onjetureis that the positive e�et of wet weather is ruled out by the fats that most of the areaslak a reliable transportation system (paved roads) during the wet season and farmersare not apable of delivering proper are to paddies. Also, �ooding and lodging an a�etyields when severe weather ours, as mentioned by Pearson et al. (1991).The prevailing positive but not signi�ant e�et of a shift towards land tenany anbe explained by Timmer's (1971) reasoning that ownership status might be assoiatedwith the extra e�ort and motivation of tenant farmers who are attempting to save enoughapital to buy their own land. However, Pearson et al. (1991) mention that shareroppingontrats were often arranged so that the bene�ts of higher returns to land go to ownersrather than tenants and this disouraged tenants from inreasing their produtivity. Also,Umetsu, Lekprihkui, and Chakravorty (2003) and Helfand and Levine (2004) identify asimilar negative relationship between landlord share and e�ieny; therefore, to assessthe e�et of land ownership in West Java rie farming, more details on ontrat arrange-ment are needed. From the view of prinipal�agent theories, the trade�o� between theinsurane and inentive aspets in ontrats is the most ruial information. And thesimple prinipal�agent models illustrate how shareropping arises when landlords are un-sure about the true ability and an not observe the produtivity of their tenants, as inRay (1998).Further, the estimation result suggest that a signi�ant positive performane gainomes from employing modern high�yielding varieties. This result is also supported bythe observed rapid and widespread replaement of traditional seed varieties with short-duration HYVs during the period 1969�1980. The use of HYVs has transformed thenature of wetland rie agriulture in Indonesia from one of low yields, nonuse of purhasedinputs, and single annual rie rops to one of high yields, high levels of purhased inputs,and multiple rie rops. So, self�su�ieny was attained in the beginning of the 1980s.As mentioned in the review, the BIMAS program was an important ingredient ofrie development poliy in the beginning of the 1970s, while its importane delined by60



the 1980s after most farmers adopted HYVs and were apable of funding inputs fromrie pro�ts. The negative e�et of BIMAS partiipation it not so surprising beause theintensi�ation programs provided farmers with a tehnology pakage that inluded inputreommendations; subsidized redit, fertilizer and pestiides in presribed omposition.5Also, this result supports the hypothesis that in the later period of the intensi�ationprogram the positive e�ets from introduing HYVs reahed their limits. Further, beausehoie of ownership type, HYV employment and program partiipation is suspeted forpossible endogeneity, Table 2.7 reports the results of exogeneity test statistis by Smithand Blundell (1986). In all ases, we aepted exogeneity of explanatory variables.Assessing the positive oe�ients of seed and urea prie, it an be onluded that aninrease in these fator pries has a signi�ant impat on inreasing e�ieny, whih ansupport the thesis that the goal of tehnology improvement is to redue ostly inputs. Thenegative e�et of fertilizer prie on farm e�ieny (attaining the given yield level) is theresult of low fertilizer use. Barker, Herdt, and Rose (1985) doument dereasing returnsto sale in yield with respet to fertilizer use. Together with the fat that farmers inIndonesia were applying very low levels of fertilizers ompared to industrialized ountries'farmers [Japan, South Korea℄, this indiates that the negative e�et of redued fertilizeruse prevails over any positive e�et originating from more e�ient use of fertilizers.The opposite e�et is observed in the ase of pestiides osts (thousands of rupiahper hetare) beause pestiides are used to prevent losses while the initial appliation offertilizers always inreases rop yield. Also as mentioned in the setion on rie farming,low pries of pestiides lead to overuse, whih has negative e�ets on the yield due toenvironment degradation. Generalizations about the tehnial e�ieny response to theuse of pestiide treatment are di�ult to make beause of the high number of interatingfators [weather, type of pests, variety resistane℄.Farm size in Indonesia has been assessed sine the 1960s (Basi Agrarian Law), sinethis law was imposed, the average farm size has tended to inrease. Farm size is animportant prodution fator beause it a�ets the way of farming. Farm size in Javawas muh smaller (on average 0.439 hetare in the analyzed sample) than on the outerislands. Pakpahan (1992) reports, using the Agriultural ensus that the average size ofland holding was 1.77 ha in 1973 and 1.78 ha in 1983. This di�erene provides rationalefor the limits imposed by Basi Agrarian Law, whih sets the minimum and maximum5For more details on this intensi�ation pakage ontents, see e.g., Pearson et al. (1991, Barker, Herdt,and Rose (1985); and Lokollo (2002). 61



size of 2 and 20 ha, respetively.Beause of the fous on the relation of farm size to e�ieny, the quadrati term wasadded, as in Wadud and White (2000b), to apture non-linearities that were usually notexplored in works that identi�ed a negative relationship between farm size and produ-tivity. The negative e�et of size on produtivity is onsistent with the fat that land isonsidered as an input, and with empirial �ndings for Asian ountries summarized byRay (1998). Assessing the positive sign for the quadrati term (Size2), it an be onludedthat there exists a threshold size and farms larger than this threshold show a positiverelationship between farm size and produtivity. These thresholds are alulated usingalulus and for a time varying frontier range 1.26�1.44 ha, 1.71�1.88 ha when Mund-lak's orretion is used, and the average threshold size is 1.60 ha. For the time invariantfrontier, the average threshold size is 1.67 ha, while thresholds range from 1.45 to 1.62ha and 1.68�1.94 ha for estimations with Mundlak's orretion. The omputed thresholdsizes are very similar to the size of rie farms in other parts of Indonesia (outer islands)or East Asia and this result an be used to advoate the intensi�ation programs andlegal restritions with aims to inrease the size of rie farms.Further, these results oinide with Wadud and White's (2000b) �ndings that, onaverage, farmers with lower land fragmentation (greater plot size) more likely have theopportunity to apply new tehnologies suh as trators or irrigation, resulting in thehigher e�ieny of their farms. Also, Pearson et al. (1991) and Ray (1998) note thatespeially the small size of plots and the impratiality of using trators in hilly areas,are the main onstraints on mehanization of land preparation. Under the objetive ofinreasing farm size even pooling of smaller farms may be bene�ial beause with aninrease in farm size, employment of mehanization will allow an inreased prodution ofrie and small landowners would lend their plots to larger landowners beause the returnsfrom land renting will inrease. However, onstraints on greater trator use (espeially,on the outer islands) are probably more varied due to topographi limitations and greaterdi�ulty in obtaining and serviing trators.Analyzing the time evolution of e�ieny sores summarized in Table 2.8, the sign ofthe estimated oe�ient indiates that the relative tehnial e�ieny was only slightlyinreasing during the end of the 1970s�beginning of the 1980s. When the time evolution ofe�ieny sores under time varying frontier is onsidered this observation indiates thatadoption of e�ient tehniques is not the major fator for inrease in farms's e�ienyand it supports the view that the inrease in rie prodution was driven by expansion of62



the ultivated area. Assessing these results, it is observed that there exist periods wherethe signi�ant derease in e�ieny is observed whih suggests that positive produtivitye�ets of the green revolution were not fully realized for some years after initial inreasein produtivity. These results are onsistent with other studies of tehnologial hange inless developed ountries that indiated delining agriultural produtivity. For example,Fulginiti and Perrin (1997) on�rmed �ndings that on average, agriultural produtivityhave delined in these ountries, espeially during 1961�1973, but also during 1974�1985.His �ndings reveal that the delining produtivity during 1974�1985 period harater-ized even those ountries suh as Pakistan and the Philippines, where green�revolutionvarieties of wheat and rie beame widely adopted sine the 1960s.Finally, the estimations results reveal onsistently signi�ant positive relationshipbetween the share of family labor and e�ieny measure in all estimated models. Asfound by Dhungana, Nuthall, and Nartea (2004) this tend to negate the belief thatfarmers in developing ountries are operating ine�iently due to exessive use of familylabor. As it was mentioned in the data desription setion, the timing for deliveringthe proper are to rie plants matters. Therefore, the positive relation between share offamily labor and e�ieny may be explained as the result of seasonal labor sarity whenthe farmers with larger families are able to deliver their family labor at the time whenthe demand for labor ulminates.Ray (1998) argues that in the world with unemployment that for somebody who hireslabor the opportunity osts of additional unit of labor are still at market wage rate, whilefor family labor the opportunity osts are lower beause of possibility of unemployment.He argues that this lead to higher employment of family labor by farmers with small sizeplot. Therefore, the observed positive relation of share of family labor to e�ieny is notsurprising and due to the substitutability of inputs the small size farmers deliver moreare to the plants are able to inrease the e�ieny of other prodution fators withoutinreasing the intensity of use of these fators.2.7 ConlusionIn this hapter, I analyze performane of West Java rie farms during the late periods[end of 1970's � beginning of 1980's℄ of intensi�ation program known as BIMAS. Theapplied non�parametri approah is more suitable to analyze prodution proesses indeveloping ountries where the availability of data is limited and prodution tehnologies63



are less understood. The analysis of tehnial e�ieny sores reveals that farmers ouldbene�t from adoption of the best pratie methods of prodution beause the resultsindiate a wide di�erenes in e�ieny aross farms. On average, the analyzed farmswere relatively ine�ient with potential for reduing their inputs from 23 to 42 % togrow the same amount of rie. Deomposing the tehnial e�ieny into pure tehniale�ieny and sale e�ieny it an be onluded that the majority of farms operate ator lose to full sale e�ieny. So, farmers that are operating tehnially ine�iently aredoing so beause of employment of tehnially ine�ient prodution mixes rather thanthe size of their operations. Further, up to 77% of sale ine�ient farms shows dereasingreturns to sale.The seond stage analysis of the fators assoiated with observed tehnial e�ienysore indiates what aspets of the onsidered rie farms ould be targeted in order toimprove farm e�ieny. The employment of modern varieties had a positive and signif-iant e�et on the rie farms performane but the time pattern of produtivity suggestthat during the onsidered period the yield potential of introdued modern varieties wasexhausted.The surprising result is that the partiipation in intensi�ation program did not pro-vided signi�antly positive e�ets on employment of the best pratie farming tehnolo-gies. Similarly as in Daryanto, Battese, and Fleming (2002b), the predominane of nega-tive relationships between tehnial e�ieny and partiipation in intensi�ation programsuggest that the program has often failed to inrease the tehnial e�ieny of rie farmsin West Java. The main assumption of the intensi�ation program (BIMAS) approahwas that small sale farmer produtivity ould be raised if they had better aess toertain inputs and used them aording to a set of presribed instrutions but the fa-tors whih a�ets the deision on fators intensities di�ers signi�antly among farmers.To be suessful, future intensi�ation programs should reognize these di�erenes andbe personalized to aommodate them. For personalization the detailed data on farmerharateristis (eduation, age and family size of farmers); infrastruture of villages (ir-rigation, types of roads); and mehanization used (water pumps, trators or bu�alos)should be analyzed for e�ets on tehnial e�ieny.The main result of the size�e�ieny relation analysis suggests that it is misleadingto generalize the inverse relationship between farm size and produtivity as it is notedin reent agriultural studies, e.g. Towsend, Kirsten, and Vink (1998) and Helfand andLevine (2004). The non�linearity in this relation is identi�ed and it allows for alulation64



of threshold size over whih the size�e�ieny relation turns to be positive. The alulatedthreshold size oinides with average sizes of rie farms on the other Indonesian islandsand in other Asian ountries. Assessing this fat, the inrease in farms size (poolingplots) looks bene�ial for further inrease in prodution of rie. Also, when the plot sizeswill be inreased the prodution of rie an be mehanized and this an indue furthergrowth of rie prodution. When farm size inrease is onsidered, poliy makers shouldbe aware of dereasing returns to sale beause for the majority of the West Java farmsthe inrease in farms size without hange in the relative input levels will lead to thederease in the tehnial e�ieny. Therefore, the assessment of yields inrease to attainself�su�ieny in rie prodution should distinguish between enlarging farm size, and thee�orts to inrease tehnial e�ieny of the small size farms.A suggestion that an be drawn from the presented analysis is that the future inten-si�ation programs have to take into aount the apaity of farmers for applying theavailable tehnology more e�iently. Therefore, the poliies aimed to spread the e�-ient tehnology should improve the aess to personalized intensi�ation programs, orby inreasing the eduational levels of farmers, as many studies on farming performanesuggest, e.g. Llewelyn and Williams (1996), Dawson and Lingard (1991) and Dhungana,Nuthall, and Nartea (2004).2.A Figures and TablesVariables Farms Periods Mean Std. Dev. Min MaxInputsLand (hetares) 160 6 0.439 0.560 0.014 5.322Seed (kg) 160 6 18.470 46.681 1.000 1250.000Urea (kg) 160 6 96.525 130.393 1.000 1250.000Phosphate (kg) 160 6 33.807 48.348 0.000 700.000Labor (hours) 160 6 394.224 496.016 17.000 4774.000OutputsGross yield (kg) 160 6 1414.205 1966.252 42.000 20960.000Net Yield (kg) 160 6 1248.825 1675.924 42.000 17610.000Harvest osts (kg) 160 6 165.380 302.433 0.000 3350.000Table 2.1: Input�Output summary
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Model Obs. Mean Std.Dev. Min MaxOne�output χ�CCR 960 0.6016 0.2158 0.1869 1
θ�CCR 960 0.6750 0.1956 0.2553 1
χ�BCC 960 0.6777 0.2149 0.2056 1
θ�BCC 960 0.7457 0.1922 0.3227 1Sale e�ieny 960 0.9074 0.1190 0.4029 1Two�outputs
χ�CCR 960 0.6199 0.2221 0.1612 1
θ�CCR 960 0.7069 0.1942 0.2795 1
χ�BCC 960 0.7016 0.2216 0.2065 1
θ�BCC 960 0.7757 0.1884 0.3294 1Sale e�ieny 960 0.9126 0.1123 0.4493 1Two�outputs � pooled frontier
χ�CCR 960 0.5155 0.2024 0.1647 1
θ�CCR 960 0.5866 0.1948 0.2116 1
χ�BCC 960 0.5913 0.2012 0.2309 1
θ�BCC 960 0.6533 0.1988 0.2591 1Sale e�ieny 960 0.9003 0.1183 0.3618 1Table 2.2: E�ieny sores (χ) and tehnial e�ieny (θ) summary statistisModel DRS CRS IRSOne�output 66% 12% 22%Two�outputs 62% 16% 22%Two�outputs � pooled frontier 77% 5% 18%Thailand∗ 19% 32% 49%Bangladesh∗∗ 63% 16% 21%

∗ From Krasahat (2004), ∗∗ From Wadud and White (2000b)Table 2.3: Returns to sale summaryRankings One�output Two�outputs SFACCR BCC CCR BCCOne�outputCCR 1.0000BCC 0.7377 1.0000Two�outputsCCR 0.9714 0.7318 1.0000BCC 0.7520 0.9726 0.7632 1.0000SFA 0.8521 0.6080 0.8248 0.6114 1.0000Note: In all ases the hypothesis of rank independene was rejeted at the 1% signi�ane level.Table 2.4: Spearman rank orrelation oe�ients68



Rankings Two�outputs Two�outputs � pooled SFACCR BCC CCR BCCTwo�outputsCCR 1.0000BCC 0.7377 1.0000Two�outputs � pooled frontierCCR 0.9342 0.6195 1.0000BCC 0.7736 0.9235 0.7300 1.0000SFA 0.8521 0.6080 0.8248 0.6114 1.0000Note: In all ases the hypothesis of rank independene was rejeted at the 1% signi�ane level.Table 2.5: Spearman rank orrelation oe�ients
Ine�ient prodution mixesVariable Obs Mean Std. Dev. Min MaxSize 711 0.3977 0.4029 0.0360 3.6430Land status 711 1.3713 0.6097 1 3Variety 711 1.5218 0.8503 1 3BIMAS 711 1.3417 0.6301 1 3Seed per ha 711 43.5229 38.9072 13.0841 857.1429Urea per ha 711 237.8890 107.3938 6.9930 712.2507Phosphate per ha 711 98.1660 70.1368 0.0000 418.9944Labor per ha 711 1060.4180 463.1572 314.0625 3414.6340Family labor ratio 711 0.5122 0.2701 0.0006 1.0000Yield per ha 711 3048.3050 1064.2220 630.6667 6305.7320Pestiides osts 711 459.2194 1755.3570 0.0000 24000E�ient prodution mixesVariable Obs Mean Std. Dev. Min MaxSize 249 0.5599 0.8551 0.0140 5.3220Land status 249 1.3574 0.6874 1 3Variety 249 1.8313 0.9649 1 3BIMAS 249 1.2610 0.5536 1 3Seed per ha 249 43.6059 33.9238 4 350.1401Urea per ha 249 206.9264 131.4522 0.8748 682.7586Phosphate per ha 249 70.0780 76.5883 0.0000 375.9398Labor per ha 249 990.7551 516.3687 108.0000 2966.6670Family labor ratio 249 0.5854 0.3193 0.0002 1.0000Yield per ha 249 3884.5560 1467.2710 400.0000 7910.3450Pestiides osts 249 1017.4500 5113.0330 0.0000 62600Table 2.6: E�ient vs. ine�ient prodution mixes69



Model variable Test stat. P-value exogeneityProbit variety 0.1765 0.6744 aeptedland status 1.0751 0.2998 aeptedBIMAS 1.0573 0.3038 aeptedTobit variety 1.4556 0.2279 aeptedland status 0.8322 0.3619 aeptedBIMAS 2.4549 0.1175 aeptedTable 2.7: Smith-Blundell test of exogeneity for time invariant frontier
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Tobit Panel data Tobit Tobit � pooled Panel data Tobit �pooledVariable orreted original orreted original orreted original orreted originalLand status 0.01485 0.00921 0.0206 0.01608 0.01244 0.01196 0.01412 0.01365[0.01241℄ [0.01422℄ [0.01339℄ [0.01534℄ [0.00928℄ [0.01015℄ [0.00997℄ [0.01088℄Variety type 0.04907*** 0.05383*** 0.04961*** 0.05385*** 0.04119*** 0.04396*** 0.04133*** 0.04390***[0.01376℄ [0.01586℄ [0.01357℄ [0.01563℄ [0.01044℄ [0.01141℄ [0.01030℄ [0.01128℄BIMAS -0.03128** -0.03658** -0.02545* -0.03085* -0.02738*** -0.03247*** -0.02453** -0.02984**[0.01353℄ [0.01558℄ [0.01432℄ [0.01647℄ [0.01032℄ [0.01130℄ [0.01088℄ [0.01190℄Wet period -0.0214 -0.01345 -0.02154 -0.01315 0.00692 0.00714 0.00619 0.00627[0.02026℄ [0.02334℄ [0.01907℄ [0.02201℄ [0.01541℄ [0.01685℄ [0.01458℄ [0.01600℄Size -0.19627*** -0.20257*** -0.18978*** -0.19922*** -0.14774*** -0.14682*** -0.14945*** -0.15032***[0.04573℄ [0.05246℄ [0.04893℄ [0.05600℄ [0.03248℄ [0.03497℄ [0.03421℄ [0.03682℄Size2 0.07438*** 0.08065*** 0.06603*** 0.07244*** 0.04858*** 0.05063*** 0.04611*** 0.04854***[0.01449℄ [0.01650℄ [0.01506℄ [0.01710℄ [0.00931℄ [0.00986℄ [0.00947℄ [0.01005℄Fam. lab/Tot. lab. 0.14400*** 0.17678*** 0.14518*** 0.18010*** 0.08898*** 0.09789*** 0.08333*** 0.09287***[0.03278℄ [0.03769℄ [0.03505℄ [0.04028℄ [0.02466℄ [0.02694℄ [0.02630℄ [0.02868℄Seed per ha. -0.0003 -0.0003 -0.00037* -0.00038* -0.00033** -0.00035** -0.00036** -0.00038**[0.00020℄ [0.00023℄ [0.00019℄ [0.00022℄ [0.00015℄ [0.00017℄ [0.00015℄ [0.00016℄Urea per ha. -0.00024*** -0.00027*** -0.00031*** -0.00034*** -0.00027*** -0.00029*** -0.00031*** -0.00033***[0.00008℄ [0.00009℄ [0.00008℄ [0.00009℄ [0.00006℄ [0.00006℄ [0.00006℄ [0.00007℄Phosphate per ha. -0.00037*** -0.00045*** -0.00027** -0.00034** -0.00023** -0.00025** -0.00019* -0.00021*[0.00013℄ [0.00015℄ [0.00013℄ [0.00015℄ [0.00010℄ [0.00011℄ [0.00010℄ [0.00011℄Labor per ha. -0.00009*** -0.00009*** -0.00009*** -0.00009*** -0.00009*** -0.00009*** -0.00009*** -0.00009***[0.00002℄ [0.00002℄ [0.00002℄ [0.00002℄ [0.00001℄ [0.00001℄ [0.00001℄ [0.00001℄Phosphate prie -0.01215*** -0.01411*** -0.01216*** -0.01429*** -0.01151*** -0.01251*** -0.01151*** -0.01262***[0.00316℄ [0.00366℄ [0.00312℄ [0.00361℄ [0.00244℄ [0.00268℄ [0.00241℄ [0.00264℄Seed prie -0.00004 -0.00009 0.00005 0.00001 -0.00009 -0.00015 -0.00005 -0.00011[0.00020℄ [0.00023℄ [0.00020℄ [0.00023℄ [0.00015℄ [0.00017℄ [0.00015℄ [0.00017℄Urea prie 0.00740** 0.00844** 0.00800** 0.00933** 0.00565** 0.00607** 0.00616** 0.00672**[0.00329℄ [0.00380℄ [0.00324℄ [0.00375℄ [0.00254℄ [0.00278℄ [0.00250℄ [0.00275℄Pestiide ost 0.00520*** 0.00588*** 0.00462** 0.00524** 0.00510*** 0.00588*** 0.00511*** 0.00595***[0.00195℄ [0.00225℄ [0.00189℄ [0.00218℄ [0.00149℄ [0.00163℄ [0.00144℄ [0.00158℄v2dum 0.00671 -0.00911 0.00724 -0.00703 0.01767 0.02275 0.01808 0.02348[0.03278℄ [0.03765℄ [0.04147℄ [0.04743℄ [0.02450℄ [0.02671℄ [0.03059℄ [0.03299℄v3dum -0.01483 -0.03266 -0.02021 -0.03891 -0.02377 -0.03058 -0.02591 -0.03337[0.03751℄ [0.04322℄ [0.04399℄ [0.05047℄ [0.02835℄ [0.03093℄ [0.03284℄ [0.03555℄v4dum -0.0203 -0.04288 -0.03115 -0.05552 -0.00408 -0.00677 -0.00915 -0.01296[0.04141℄ [0.04773℄ [0.04786℄ [0.05496℄ [0.03134℄ [0.03426℄ [0.03580℄ [0.03885℄v5dum 0.03985 0.02376 0.02921 0.01116 0.02182 0.01874 0.01631 0.01209[0.03825℄ [0.04397℄ [0.04621℄ [0.05290℄ [0.02873℄ [0.03140℄ [0.03425℄ [0.03709℄v6dum 0.09297** 0.08592* 0.08536* 0.07728 0.08166*** 0.08298** 0.07666** 0.07729**[0.04097℄ [0.04713℄ [0.04709℄ [0.05398℄ [0.03088℄ [0.03373℄ [0.03512℄ [0.03809℄t 0.00114 0.00411 -0.00216 0.00027 0.02031*** 0.02349*** 0.01823** 0.02128***[0.01001℄ [0.01152℄ [0.00982℄ [0.01131℄ [0.00758℄ [0.00828℄ [0.00745℄ [0.00817℄t3 -0.01239 -0.01968 -0.00383 -0.00962 -0.18757*** -0.20436*** -0.17964*** -0.19600***[0.03612℄ [0.04160℄ [0.03493℄ [0.04029℄ [0.02722℄ [0.02977℄ [0.02643℄ [0.02900℄t4 -0.14961*** -0.16709*** -0.13720*** -0.15251*** -0.22122*** -0.23597*** -0.21271*** -0.22723***[0.03514℄ [0.04045℄ [0.03399℄ [0.03916℄ [0.02660℄ [0.02911℄ [0.02582℄ [0.02834℄Constant 1.22415*** 1.33253*** 1.17699*** 1.27925*** 1.17662*** 1.23888*** 1.14502*** 1.20686***[0.14783℄ [0.17047℄ [0.14764℄ [0.17023℄ [0.11183℄ [0.12237℄ [0.11178℄ [0.12248℄se 0.21706*** 0.25190*** 0.16970*** 0.18640***[0.00632℄ [0.00717℄ [0.00424℄ [0.00461℄

σu 0.08417*** 0.09557*** 0.06078*** 0.06418***[0.01039℄ [0.01200℄ [0.00770℄ [0.00853℄

σe 0.20036*** 0.23325*** 0.15829*** 0.17480***[0.00627℄ [0.00716℄ [0.00431℄ [0.00472℄Observations 960 960 960 960 960 960 960 960Llikelihood -175.25 -268.49 -159.26 -253.49 179.73 110.7 193.92 123.01Censored 277 249 277 249 108 93 108 93Standard errors in brakets, signi�ant at 10%; ** signi�ant at 5%; *** signi�ant at 1%Table 2.8: Tobit regression results
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Time varying frontier Time varying frontier Pooled frontier Pooled frontierVariable orreted original orreted original orreted original orreted originalLand status 0.04597*** 0.04689** 0.03881** 0.03915** 0.02254* 0.02289 0.02066 0.02115[0.01702℄ [0.01953℄ [0.01683℄ [0.01936℄ [0.01315℄ [0.01446℄ [0.01276℄ [0.01404℄Variety type 0.04703*** 0.04946*** 0.04806*** 0.05100*** 0.03323*** 0.03482*** 0.04052*** 0.04246***[0.01470℄ [0.01689℄ [0.01453℄ [0.01673℄ [0.01142℄ [0.01253℄ [0.01108℄ [0.01217℄BIMAS -0.00766 -0.01349 -0.0145 -0.02067 -0.01526 -0.0207 -0.01895 -0.02427*[0.01736℄ [0.01997℄ [0.01713℄ [0.01976℄ [0.01359℄ [0.01492℄ [0.01317℄ [0.01448℄Wet period 0.0144 0.0255 -0.01837 -0.00848 -0.01803 -0.02103 0.00713 0.00757[0.01559℄ [0.01793℄ [0.01946℄ [0.02246℄ [0.01209℄ [0.01329℄ [0.01492℄ [0.01640℄Size -0.20886*** -0.23580*** -0.22449*** -0.25330*** -0.11080** -0.11658** -0.17450*** -0.18404***[0.06116℄ [0.07004℄ [0.06143℄ [0.07049℄ [0.04362℄ [0.04729℄ [0.04341℄ [0.04704℄Size2 0.05663*** 0.06495*** 0.05921*** 0.06792*** 0.03213*** 0.03477*** 0.04506*** 0.04845***[0.01755℄ [0.01996℄ [0.01748℄ [0.01992℄ [0.01104℄ [0.01183℄ [0.01103℄ [0.01179℄Fam. lab/Tot. lab. 0.17658*** 0.22079*** 0.15409*** 0.19654*** 0.08730** 0.09937*** 0.07259** 0.08430**[0.04452℄ [0.05119℄ [0.04408℄ [0.05078℄ [0.03442℄ [0.03779℄ [0.03345℄ [0.03676℄Seed per ha. -0.00048** -0.00050** -0.00049** -0.00052** -0.00043*** -0.00047*** -0.00040*** -0.00044***[0.00021℄ [0.00024℄ [0.00020℄ [0.00023℄ [0.00016℄ [0.00017℄ [0.00015℄ [0.00017℄Urea per ha. -0.00044*** -0.00050*** -0.00043*** -0.00049*** -0.00040*** -0.00043*** -0.00039*** -0.00042***[0.00009℄ [0.00010℄ [0.00009℄ [0.00010℄ [0.00007℄ [0.00008℄ [0.00007℄ [0.00007℄Phosphate per ha. -0.00005 -0.00009 -0.00013 -0.00018 0.00002 0.00002 -0.00012 -0.00014[0.00014℄ [0.00017℄ [0.00014℄ [0.00017℄ [0.00011℄ [0.00012℄ [0.00011℄ [0.00012℄Labor per ha. -0.00010*** -0.00011*** -0.00010*** -0.00010*** -0.00009*** -0.00009*** -0.00009*** -0.00009***[0.00002℄ [0.00002℄ [0.00002℄ [0.00002℄ [0.00002℄ [0.00002℄ [0.00001℄ [0.00002℄Phosphate prie -0.01074*** -0.01282*** -0.01156*** -0.01380*** -0.00651** -0.00740*** -0.01137*** -0.01264***[0.00331℄ [0.00382℄ [0.00338℄ [0.00391℄ [0.00259℄ [0.00285℄ [0.00260℄ [0.00286℄Seed prie 0.00027 0.00028 0.00019 0.00018 0.00055*** 0.00054*** 0.00002 -0.00002[0.00019℄ [0.00022℄ [0.00021℄ [0.00024℄ [0.00015℄ [0.00016℄ [0.00016℄ [0.00018℄Urea prie 0.01076*** 0.01271*** 0.00848** 0.01016** 0.01165*** 0.01282*** 0.00686** 0.00768***[0.00345℄ [0.00398℄ [0.00349℄ [0.00404℄ [0.00271℄ [0.00298℄ [0.00269℄ [0.00296℄Pestiide ost 0.00330* 0.00367 0.00382* 0.00422* 0.00499*** 0.00589*** 0.00500*** 0.00590***[0.00199℄ [0.00229℄ [0.00196℄ [0.00226℄ [0.00156℄ [0.00171℄ [0.00151℄ [0.00166℄v2dum 0.00136 -0.01532 0.00093 -0.01589 0.01519 0.01919 0.01511 0.01914[0.04203℄ [0.04791℄ [0.04183℄ [0.04772℄ [0.03169℄ [0.03414℄ [0.03165℄ [0.03409℄v3dum 0.0047 -0.01164 0.00358 -0.01306 -0.01603 -0.01968 -0.01737 -0.021[0.07319℄ [0.08362℄ [0.07285℄ [0.08327℄ [0.05558℄ [0.05996℄ [0.05553℄ [0.05989℄v4dum 0.03286 0.01413 0.03156 0.0127 0.03132 0.0355 0.02932 0.03374[0.08311℄ [0.09499℄ [0.08271℄ [0.09458℄ [0.06313℄ [0.06814℄ [0.06307℄ [0.06807℄v5dum 0.09582 0.08559 0.09468 0.08431 0.06364 0.06822 0.06183 0.0667[0.06754℄ [0.07710℄ [0.06721℄ [0.07676℄ [0.05113℄ [0.05518℄ [0.05107℄ [0.05511℄v6dum 0.12386 0.11088 0.12236 0.10908 0.11422* 0.11969* 0.11206* 0.11781*[0.08574℄ [0.09794℄ [0.08534℄ [0.09753℄ [0.06509℄ [0.07026℄ [0.06503℄ [0.07018℄t -0.01798*** -0.01811** -0.00653 -0.00487 -0.02852*** -0.02932*** 0.01545* 0.01803**[0.00687℄ [0.00790℄ [0.01045℄ [0.01205℄ [0.00534℄ [0.00587℄ [0.00797℄ [0.00876℄t3 0.0108 0.00686 -0.16787*** -0.18292***[0.03661℄ [0.04224℄ [0.02783℄ [0.03060℄t4 -0.11784*** -0.12990*** -0.19980*** -0.21278***[0.03558℄ [0.04098℄ [0.02713℄ [0.02983℄Constant 1.48242*** 1.62337*** 1.47043*** 1.61236*** 1.57939*** 1.67962*** 1.47045*** 1.56163***[0.44797℄ [0.51156℄ [0.44623℄ [0.50980℄ [0.33885℄ [0.36559℄ [0.33872℄ [0.36542℄

σu 0.07355*** 0.08316*** 0.07436*** 0.08397*** 0.05421*** 0.05679*** 0.05682*** 0.05969***[0.01029℄ [0.01186℄ [0.01007℄ [0.01163℄ [0.00802℄ [0.00894℄ [0.00761℄ [0.00845℄

σe 0.20252*** 0.23515*** 0.19922*** 0.23182*** 0.16358*** 0.18039*** 0.15787*** 0.17433***[0.00630℄ [0.00717℄ [0.00620℄ [0.00707℄ [0.00444℄ [0.00486℄ [0.00429℄ [0.00470℄Observations 960 960 960 960 960 960 960 960Number of farms 160 160 160 160 160 160 160 160Llikelihood -155.8 -247.8 -144.87 -238.27 173.55 104.43 201.01 130.46Censored 277 249 108 93 277 249 108 93Standard errors in brakets, signi�ant at 10%; ** signi�ant at 5%; *** signi�ant at 1%Table 2.9: Tobit regression results: Mundlak's orretion
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Chapter 3Announed regime swith: Optimal poliy fortransition period

It is not rare for monetary authority to onsider a swith in the fous of their monetarypoliy. One of the most interesting ases is a swith to a regime of managed, peggedexhange rate or even �xed exhange rate. The motivation for swith may stem frominternational treaties or beliefs of entral bankers about the bene�ts of a new monetarypoliy regime. New members of the European Union have agreed on joining the Europeanmonetary union (EMU) in the aession treaty. The ERM II aession proess asks themto maintain stability of the exhange rate over the evaluation period. This periods usuallyends with the adoption of the ommon urreny, e.g. Malta, Slovenia and Slovakia as themost reent ases.Countries like Bulgaria and Estonia voluntarily deided to set-up a urreny boardeven before entering the evaluation period. The deision to manage or to peg the ex-hange rate is based on their belief that a urreny board is advantageous for small openeonomies. Also, there exist ountries that �nd their own monetary poliy di�ult tosustain, e.g., Sweden and Finland in the early 1990's. Countries like these opt for man-aging their exhange rate in order to ahieve maroeonomi stability during urrenydistress. Regardless, the motivation for the poliy swith, the newly adopted poliy rulein the aforementioned ases, is usually a sort of nominal exhange rate peg.Many reent works in monetary eonomis that fous on the hoie of monetary poliystudy the properties of alternative monetary poliy rules by analyzing maroeonomistability [Collard and Dellas (2002)℄; using the loss funtion of the monetary authority73



[Santareu (2005)℄; or the welfare funtion of households [Gali and Monaelli (2005)℄ toidentify the optimal poliy. These studies onsider models with a given monetary poliyrule and there is no hange of rule possible. Therefore, these analyses an be onsideredas stati in form of rule. The stati omparison does not determine if it is worth to swithto another poliy rule, while it omits the loss ourring over the transition.The aforementioned points motivate me to fous on the analysis of small open eonomybehavior over the transition period towards the exhange rate peg. An important issueis how announing the adoption of the exhange rate peg a�ets the properties of thebusiness yles of the small open eonomy.I address these issues using the standard stohasti general equilibrium model of thesmall open eonomy, e.g., Justiniano and Preston (2004), Gali and Monaelli (2005) andCuhe-Curti, Dellas, and Natal (2008). To simplify my analysis, I deided to use themodel by Justiniano and Preston (2004), where all goods are tradable. However, thismodel uses a Calvo type rigidities as the more omplex models do. To provide a spei�example, I identify the large eonomy as the Euro area and the small open eonomy asthe Czeh Republi. While the Czeh Republi is a representative ountry that aims toadopt the ommon urreny, it also opes with the limitations of its own independentmonetary poliy.For a better desription of the Czeh Republi monetary poliy, I lose the modelby monetary poliy of foreasted in�ation targeting. Also, strutural parameters of themodel are estimated for the Czeh Republi.The novelty presented in this hapter is the approah to modeling the transition periodwhen the hange in the monetary regime type is announed. As Farmer, Waggoner, andZha (2007) summarize, reent works rely on Markov swithing proesses to aount forhanges of poliy rule. Generally, the solution is omputed by as a average of separatemodels weighted by the probability matrix of the proess. Instead of the Markov swithingproess, I extend the standard model with a binary indiator of the regime that identi�esthe operative monetary poliy. Moreover, in my simulations the hange in the regimeindiator is redibly announed in advane. Therefore, a model with this indiator o�ersan alternative approah that more losely models the ommitment to the regime hangethan models based on Markov proess.For my analysis of the maroeonomi stability over the transition, I assume that themonetary authority follows an optimal poliy with respet to the loss funtion for themonetary authority as in Laxton and Pesenti (2003) and Santareu (2005). As Cuhe-74



Curti, Dellas, and Natal (2008) and Dellas and Tavlas (2003) summarize, there is nostraightforward reommendation for the type of the optimal poliy. The optimal poliyhoie depends on many fators like the presene and origin of rigidities and struturalshoks. Therefore, I solve for the optimal poliy that takes a simple form where monetaryauthority reats to deviations output gap, in�ation and hange in nominal exhange rate.Moreover, as Cuhe-Curti, Dellas, and Natal (2008) point out, the simple form ofthe optimal poliy avoids questioning information apabilities of the monetary authority.To identify the simple optimal monetary poliy for the transition period for variouspreferenes on in�ation, output and poliy stability, the utility has one degree of freedomas in Santareu (2005).The goal of monetary poliy for the transition is still to support maroeonomi sta-bility. However, it is also important to know how these poliies hange the harateristisof the business yles. To analyze these hanges, I ompute and analyze the orrelationsof business yles as desribed by in�ation, output and interest rate.The rest of the hapter is organized as follows. Setion 3.1 presents the model of ruleswith. In setion 3.2, the parameters estimation is presented. Basi harateristis andproperties of the model are presented in setion 3.3. Setion 3.4 presents the maroeo-nomi stability results obtained and setion 3.6 onludes. All �gures an be found inthe appendix setions.
3.1 ModelThe basis of the model are taken from Justiniano and Preston (2004). The used modelonsists of a small open eonomy (domesti) and the rest of the world (foreign). Thedomesti eonomy is haraterized by the existene of habit formation and indexation ofpries to in�ation. The fundamental model is based on the work of Gali and Monaelli(2002) and Monaelli (2005), where miro-foundations for the small open eonomy modelare summarized and inomplete pass-through is disussed. The following setions provideommented derivations of the strutural equations of Justiniano and Preston's (2004)model. Further, the modi�ation of monetary poliy and approah to modeling thetransition period is desribed in the separate subsetion.75



3.1.1 HouseholdsThe onsidered small open eonomy is populated by a representative household thatmaximizes its lifetime utility funtion
Et
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t=0

βtegt

[
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1 + ϕ

]

, (3.1)where β, 0 < β < 1, is the utility disount fator; σ and ϕ are the inverse of elastiitiesof the inter-temporal substitution and labor supply, respetively; Nt is total labor e�ort;
gt = ρggt−1 + εgt is a preferene shok, and εgt ∼ N(0, σ2

g); Ct is the onsumption of aomposite good; Ht = hCt−1 is the external habit taken as exogenous by household aspresented by Fuhrer (2000). The parameter h indexes the importane of habit formation.The household onsumes a Dixit-Stiglitz omposite of the home and foreign good:
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η−1 , (3.2)where α is the share of the imported good in domesti onsumption and η > 0 is theintra-temporal elastiity of substitution between the domesti and foreign good.Given the spei�ation of the household's preferenes, the minimization of expendi-tures for the given level of onsumption Ct implies, as in Walsh (2003), the followingaggregate domesti onsumer prie index (CPI):
Pt = [(1 − α)(PH
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1−η , (3.3)where PH
t and P F

t are pries of the domesti and foreign Dixit-Stiglitz omposite goodused to produe the �nal omposite good Ct.In aggregate, the household maximizes lifetime utility aording to the following bud-get onstraint:
PtCt +Qt,t+1Dt+1 ≤ Dt +WtNt + Tt, (3.4)where Wt is the nominal wage; Dt+1 is the nominal pay-o� reeived in the period t + 1aquired from the portfolio held at the end of the period t, and Qt,t+1 is the value of thedisount fator of this portfolio; Tt are transfers that inlude taxes/subsidies and pro�tsolleted from domesti �rms and importers.76



Given the Dixit-Stiglitz aggregation, households optimally (ost minimization) allo-ate their aggregate expenditures for the foreign and domesti good aording to thefollowing demand funtions:
CH
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Ct. (3.5)The �rst order neessary onditions imply the domesti Euler equation in the followingform:
λtEt[Qt,t+1] = βEt[λt+1

Pt
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], (3.6)where λt is the Lagrange multiplier assoiated with a budget onstraint. This equationis used in the following setion to link the domesti and foreign eonomy.3.1.2 International arrangementsThe real exhange rate is de�ned as the ratio of foreign pries in domesti urreny to thedomesti pries q̂t ≡ êt
P ∗
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Pt
, where êt is the nominal exhange rate (in terms of the domestiurreny per unit of foreign urreny); P ∗

t is the foreign onsumer prie index and Pt isthe domesti onsumer prie index given by equation (3.3). An inrease in êt oinideswith an depreiation of the domesti urreny.1 Further, I assume that P ∗

t = P F∗

t (P F∗

tis the prie of the foreign good in a foreign urreny), the law of one prie gap is given by
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, as in Monaelli (2005). The law of one prie gap represents a wedge betweenthe foreign prie of a foreign good P F∗

t and prie of the foreign good when sold on thedomesti market P F
t by importers [see Lubik (2005) for details℄. The law of one prie(LOP) holds when ΨF
t = 1; for ΨF

t > 1, importers realize losses due to inreasing ostsof imported goods; when ΨF
t < 1, importers enjoy pro�ts.The foreign eonomy is idential in preferenes, therefore optimality onditions aresimilar to the domesti optimality onditions. The foreign eonomy is onsidered to belarge and the domesti good takes only a negligible fration of its onsumption. Therefore,the foreign omposite onsumption bundle an be simpli�ed and only foreign produedgood are onsidered in the overall foreign onsumption. Further, under the assumption1The supersript * denotes �foreign� equivalents of domesti variables throughout this hapter.77



of omplete international �nanial markets, arbitrage implies that the marginal utility ofonsumption in a foreign eonomy is proportional to that in a domesti eonomy. Usingthe domesti Euler equation (3.6), the following ondition is derived:
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]. (3.7)De�ning the gross nominal return on the portfolio as R−1

t = Et[Qt,t+1], the risk shar-ing ondition (3.7) equation implies the following unovered interest rate parity (UIP)ondition:
Et[Qt,t+1(Rt − R∗

t (
êt
êt+1

))] = 0. (3.8)The unovered interest rate parity plaes a restrition on the relative movement ofthe domesti and foreign interest rate and on the nominal exhange rate. However,the interest rate parity an be distorted by a risk premium shok. Therefore, as inKollmann (2002), a shok that aptures deviations from purhasing power parity and notalready explained endogenously through imperfet pass-through, suh as a time varyingrisk premium, is added into the log-linearized form of the model. Moreover, the riskpremium is onstant in the steady state and equation (3.8) ollapses to the standardunovered interest rate parity equation for the nominal exhange rate in the steady state.Finally, the terms of trade are de�ned as the relative prie of imports in terms ofexports:
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. (3.9)Note that hanges in the terms of trade may re�et future hanges in the ompetitivenessof an eonomy. The depreiation of the exhange rate indues an inrease in import priesand deterioration of terms of trade. However, the depreiated exhange rate restoresompetitiveness of the eonomy sine demand for heaper exports grows and importdemand from domesti onsumers dereases.3.1.3 FirmsIn this eonomy, the nominal rigidities driving the prie adjustment ours due to monop-olisti ompetition in the good market. Suppose there is a ontinuum of domesti �rms78



indexed by i, 0 ≤ i ≤ 1. A typial �rm i in the home ountry produes a di�erentiatedgood with onstant returns to sale aording to the following prodution funtion:
Yt(i) = AtNt(i),where Nt(i) is labor supplied by a household to �rm i; At is a ommon stationary produ-tivity proess that follows log(At) = at = ρaat + εat , where εat ∼ N(0, σ2

a) is an exogenousprodutivity shok ommon to all �rms. The �rm's index an be dropped, while in thesymmetri equilibrium all hoies of the �rms are idential. Aording to the produtionfuntion, the representative �rm faes real marginal osts MCt = Wt

PtAt
, where Wt is thenominal wage.Here, the domesti in�ation rate is de�ned as πHt = log(PH

t /P
H
t−1). Firms produinga domesti good are monopolistially ompetitive with a Calvo-style prie setting usingthe in�ation indexation. Further, only a fration (1−θH) of �rms are allowed to set theirprie PH,new

t optimally in the onsidered period. The remaining fration θH , 0 ≤ θH < 1sets its prie aording to the following indexation rule:
log(PH

t (i)) = log(PH
t−1(i)) + δπHt−1,where 0 ≤ δ < 1 is the degree of indexation. Therefore, the aggregate prie index isevolving aording to the following relation:
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, (3.10)where ε > 1 is the elastiity of substitution between the varieties of goods produed bydomesti �rms. Firm i, setting its prie in period t and following the indexation rule inall subsequent periods T, T ≥ t, faes the following demand urve in period T :
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T ),where CH
t is domesti demand and CH∗

t is foreign demand for the omposite domestigood. While �rm i is maximizing its present value by maximizing the value of the real79



pro�ts stream, the �rm's prie-setting problem in period t is to solve:
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subjet to the aforementioned demand urve. This implies the following �rst-order on-dition:
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]
= 0,where MCT are real marginal osts in the period of prie deision.Similarly, as in the domesti good prodution, the nominal rigidities in the foreigngood setor are resulting from staggered prie setting and monopolisti ompetition.Foreign good retailers import foreign goods so that the law of one prie holds �at thedoks� and resell them in a monopolistially ompetitive market. To set their pries,importers also use Calvo priing with indexation to past in�ation of imported good pries,whih is de�ned as πFt = log(P F

t /P
F
t−1).Again, only a fration (1− θF ) of importers are allowed to set their new prie P F,new

toptimally in eah period. The fration θF , 0 ≤ θF < 1 of importers just updates its prieaording to the following indexation rule:
log(P F

t (i)) = log(P F
t−1(i)) + δπFt−1,where the same degree of indexation δ as for domesti produers is assumed. The foreigngood prie index is evolving aording the following relation:
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.Similarly, importer i, who is setting its prie in period t, faes the following demand urvein period T, T ≥ t:
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CF
T , (3.11)as for the domesti good, in here ε > 1 is a parameter desribing the substitution between80



the varieties of foreign goods. Therefore, the importer's prie-setting problem in period
t is to maximize
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subjet to the aforementioned demand equation (3.11). This implies the following �rst-order ondition:
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= 0,and the new optimal prie P F,new

t (i) is the solution to this equation. The presene ofmonopolisti ompetition results in deviations from the law of one prie in the short run,while a omplete pass-through is reahed in the long-run as presented in Monaelli (2005).
3.1.4 EquilibriumEquilibrium requires that all markets lear. The good market learing ondition in thedomesti eonomy is given by the following equation:

Y H
t = CH

t + CH∗

t . (3.12)Under the assumption of a large foreign eonomy, market learing in the foreign eon-omy gives Y ∗

t = C∗

t . Households, whih are assumed to have idential initial wealth,make idential onsumption and portfolio deisions. So, the following analysis onsidersa symmetri equilibrium, domesti produers, importers, and foreign �rms also behaveidentially. Therefore, the individual index an be dropped and the representative house-hold, representative �rm, and the single good in eah setor an be used for the modelsolution. In period t the representative domesti produers set ommon pries PH
T . Im-porters also set a ommon prie P F

t , so do the foreign produers when setting P ∗

t . Finally,as in Gali and Monaelli (2002) and Justiniano and Preston (2004), I assume that thegovernment o�-sets distortions originating from monopolisti ompetition in the goodsmarkets by a subsidy/transfer that is �naned through a lump-sum tax Tt on represen-tative household. 81



3.1.5 A log-linearized modelTo analyze the behavior of the underlying model, an approximation around the non-stohasti steady state of the presented model is obtained as in Justiniano and Preston(2004). For any variable, the lowerase letters denote the log-deviation from the steadystate of their upperase ounterparts in the fritionless equilibrium. The non-stohastisteady state is haraterized by setting all shoks to zero for all periods.As in Justiniano and Preston (2004), I assume a zero in�ation steady state, so that
πt = Pt

Pt−1
=

PH
t

PH
t−1

=
PF

t

PF
t−1

= 1, and for the steady state of the nominal interest rate
1 + it = 1

β
.Linearizing the domesti good market learing ondition (3.12) together with a lin-earized version of the demand funtions (3.5) implies

(1 − α)ct = yt − αη(2 − α)st − αηψFt − αy∗t , (3.13)where ψFt = (et + p∗t ) − pFt is a log-linear approximation of the law of one prie, and
st = pFt − pHt is a log-linear approximation of the terms of trade given by equation (3.9).Time di�erentiating of the terms of trade de�nition implies

∆st = πFt − πHt . (3.14)Using the log-linearized equations of the law of one prie gap and terms of the trade, thefollowing link between the terms of trade and the real exhange rate an be derived:
qt = ψFt + (1 − α)st. (3.15)The log-linear approximation to the optimality onditions of domesti �rms for priesetting, the law of motion for the domesti produers prie, and the domesti prie indexgiven by equation (3.10) imply the following hybrid Philips urve:

πHt − δπHt−1 =
1 − θH

θH
(1 − θHβ)mct + βEt[(π

H
t+1 − δπHt )], (3.16)where the marginal osts is

mct = ϕyt − (1 + ϕ)at + αst + σ(1 − h)−1(ct − hct−1). (3.17)82



The log-linear form of the real marginal osts mct of the representative �rm originatesfrom the log-linearization of the aggregate prodution funtion and the household's opti-mality ondition for labor hoie.Similarly, the optimality ondition for the priing problem of retailers results in thefollowing Philips urve:
πFt − δπFt−1 =

1 − θF

θF
(1 − θFβ)ψFt + βEt[(π

F
t+1 − δπFt )]. (3.18)Following the arguments of Justiniano and Preston (2004) and the derivation by Gali andMonaelli (2002), the omplete markets assumption together with ondition (3.7) implythe following relation for the log-linear approximation of the Euler equation (3.6):

ct − hct−1 = y∗t − hy∗t−1 + σ−1(1 − h)[ψFt + (1 − α)st] + σ−1(1 − h)gt. (3.19)The log-linear approximation of the unovered interest rate parity equation (3.8) gives
it − i∗t = Et∆et+1. As mentioned in the previous setion, to apture the deviations fromUIP, a risk premium shok ǫt is added into equation (3.8); ǫt = ρsǫt−1 + εst , here εst ∼

N(0, σ2
s). Using the de�nition of the real exhange rate,

∆et = ∆qt + πt − π∗

t , (3.20)the following equation is derived:
(it − Etπt+1) − (i∗t − Etπ

∗

t+1) = Et∆qt+1 + ǫt. (3.21)The risk premium shok ǫt is zero in the steady state, so the steady state equation (3.21)ollapses to a standard unovered interest rate parity equation. Also, note that thepositive (negative) values of ∆et re�et domesti urreny depreiation (appreiation).Finally, the approximations of the CPI equation (3.3) and the hange in terms oftrade (3.14) give the following relation:
πt = πHt + α∆st. (3.22)Sine the goods produed in the home eonomy represent only a small fration of theforeign eonomy onsumption, I onsider the large foreign eonomy as exogenous to the83



domesti eonomy. Therefore, I assume that the paths of foreign variables π∗

t , y
∗

t , and i∗tare determined by the following VAR proess:
π∗

t = ωπππ
∗

t−1 + ωπy y
∗

t−1 + ωπi i
∗

t−1 + επt , (3.23)
y∗t = ωyππ

∗

t−1 + ωyyy
∗

t−1 + ωyi i
∗

t−1 + εyt , (3.24)
i∗t = ωiππ

∗

t−1 + ωiyy
∗

t−1 + ωiii
∗

t−1 + εit, (3.25)where επt , εyt , and εit; εyt ∼ N(0, σ2
y), ε

π
t ∼ N(0, σ2

π), and εit ∼ N(0, σ2
i ), represent theindependent strutural shoks that drive the foreign eonomy.

3.1.6 Model of the transition periodThe desription of the model is losed by desribing the behavior of the domesti monetaryauthority. While the Czeh entral bank reats to the foreasted in�ation, I deviate fromJustiniano and Preston (2004) in my analysis. As disussed by Carlstrom and Fuerst(2000), I assume that the monetary authority ats aording to expeted in�ation ratherthan using the atual level of in�ation. To keep my analysis simple, I assume that themonetary authority is forward looking only for one period ahead.The fous of this hapter is to analyze maroeonomi stability during the transition.The eonomy begins in time t = 1, when it is announed that the regime will hangein period T, T > 1. To simplify the analysis, I also assume that the monetary authorityfollows the same poliy rule over all periods of the transition, t ≤ T.So, the monetary poliy rule for the model of the transition period takes the followingform:
it = regimet(ρiit−1 + ρπEt[πt+1] + ρyyt + ρe∆et + εmt ) +

+ (1 − regimet)ρ̂e

∞∑

j=t

(
1

2

)t−j
∆Et[ej], (3.26)where 0 ≤ ρi < 1, ρπ > 1, ρy > 0 and ρe ≥ 0 are weights desribing the responses of thedomesti monetary authority; and εmt , εmt ∼ N(0, σ2
m) is the shok apturing errors arisingfrom the desription of the monetary poliy. In here, the e�etive monetary regime isseleted via the regime indiator. In my experiment when the hange is announed in84



the �rst period, the indiator is de�ned as follows:
regimet =

{
1, if t < T ;
0, if t ≥ T ,where T is the announed time of regime hange.By varying values of the rule parameters ρπ, ρy and ρe in rule (3.26), I am able tomodel a wide range of monetary poliies for the transition (t < T ), e.g. in�ation targetingor exhange rate targeting. Further, the only objetive of the post-transition monetaryregime t ≥ T , is to o�-set all the foreseen hanges in the nominal exhange rate. Thisregime is haraterized by ρ̂e, whih measures the o�-setting of the hange in the nominalexhange rate. To keep the level of exhange rate volatility reasonably low, I set ρ̂e = 2.0.The introdution of the regime indiator transforms the problem of modeling an an-nouned hange to a problem of foreseen hanges in the indiator. To model the an-nouned hanges in the indiator, I extend the state spae of the model by an informationbu�er of length N, where N > T. This information bu�er is apable of storing informationfor N periods ahead and takes the following form:

regimet = inft,1

inft,1 = inft−1,2 + νt,1

inft,2 = inft−1,3 + νt,2...
inft,N−1 = inft−1,N + νt,N−1

inft,N = νt,N , (3.27)where inft,i, i ∈ 1, . . . , N are the new endogenous variables, and νt,i, i ∈ 1, . . . , N are theannounement shoks, suh that νt,i takes values 0 and 1 for all i = 1, . . . , N and t > 0.The initial ondition for the bu�er is inf0,i = 0 and ν0,i = 0, ∀i ∈ 1, . . . , N.In the experiment, I fous on the perfetly redible announements. Therefore, I anthink about νt,is as random variables with zero mean and zero variane. However, byvarying the assumption about information shoks, it is possible to model the unertaintyabout keeping the ommitment of the poliy rule swith announed by the monetaryauthority. The higher the unertainty about keeping ommitments, the higher value ofinformation shok variane should be used.85



The announement of the regime hange in t = 1 is modeled by the realization of theinformation shoks νt,i i ∈ 1, . . . , N aording to the following sheme:
ν1,i =

{
1, i ≤ T ;
0, i > T , (3.28)and νt,i = 0, ∀i and in the all subsequent periods t, 1 < t ≤ T. This realization ofinformation shoks desribes a one-time announement of a poliy rule swith in period

T without any further hanges of transition length.The model of the transition period onsists of equations (3.13)�(3.25), the monetarypoliy rule (3.26), the information bu�er given by equations (3.27), and de�nitions of theAR(1) proesses for tehnology and preferene shoks.Further, I assume that there are no shoks (for t ≥ T ) to risk premium when theregime of o�-setting of the exhange rate hanges is adopted. So, the risk premium shok
ǫt desribed by equation (3.21) will beome ǫt = ρsǫt−1. To make this hange foreseen inthe model of transition, the AR(1) proess for risk premium shok ǫt in equation (3.21)will beome εt = ρsεt−1 + regimetε

s
t , ε

s
t ∼ N(0, σ2

s) sine t > T.The onstrution of the poliy indiator regimet reates non-linearities in the mon-etary poliy rule and risk premium proess. Therefore, to solve and simulate the tran-sition period model, the seond order approximation is used. The model is solved byDynare++.2 A brief desription of the omputation of the transition period model ispresented in Appendix (3.A).3.2 EstimationTo provide a spei� example, in my analysis I estimate the parameters of the model usingdata on the Czeh Republi. In reent literature, Bayesian methods are onsidered anattrative tool for estimating a model's parameters, espeially in open eonomy modeling.The most reent examples inlude Smets and Wouters (2003), who estimate the Eurozonemodel; Lubik and Shorfheide (2003) and Lubik and Shorfheide (2005), who analyze thebehavior of the monetary authority; and Ireland (2004).Due to the short span of the Czeh data sample, I prefer Bayesian methods beause2Dynare++, developed by Kameník (2007), is a standalone C++ version of Dynare. Dynare isthe pre-proessor and olletion of Matlab routines introdued by Juillard (1996), Collard and Juillard(2001b) and Collard and Juillard (2001a). 86



it allows me to inorporate information from previous studies in the form of informativepriors on parameter values. This approah is preferred beause the use of priors makesthe estimation results more stable.Model M and its assoiated parameters Θ an be estimated using the method out-lined by An and Shorfheide (2007). In the Bayesian ontext, given a prior p(Θ) and asample of data Y , the posterior density of the model parameters Θ is evaluated, and itis proportional to the likelihood of the data multiplied by the prior p(Θ):
p(Θ|Y,M) ∝ L(Θ|Y,M)p(Θ), . (3.29)The goal of the Bayesian estimation is to estimate the posterior distribution and to�nd suh parameter estimates that given the model, the likelihood value L(Θ|Y,M) ismaximized.The Bayesian estimation proedure onsists of the following three steps. In the �rststep, the model is extended for a measurement blok that links model variables to data.The extended model is solved. In the seond step, the fat that the solution of themodel is in the form of a state spae model is exploited. This allows me to omputethe likelihood funtion of the underlying model by use of the Kalman �lter, the observeddata, and priors. The objetive is to maximize the value of likelihood as the funtion ofthe model parameters. The seond step results in the maximum-likelihood estimates ofthe model parameters. The objetive of these estimation steps is to get parameter valuesfor this model.In the third step, the likelihood funtion onditional on a parameters estimate is om-bined with the prior distribution of parameters to obtain the posterior density funtion.The Metropolis-Hastings (MH) algorithm, whih is an implementation of the Monte CarloMarkov hain (MCMC) method, is used to estimate the posterior distributions. The ob-jetive of the posterior distributions omputation is to evaluate the sensitivity of theresults to my hoie of priors and optimization algorithm settings.3.2.1 Data and priorsThe used data sample overs a period of an CPI in�ation targeting regime from itsintrodution in 1998 until the third quarter of 2007. Over this period hanges in thein�ation target ourred. However, the nature of the regime was not hanged thus thisdoes not lead to strutural hanges. Therefore, I an abstrat from the e�ets of a87



dereasing in�ation target. The detailed desription of data and transformations usedare summarized in Appendix 3.B.1.The domesti blok of the underlying model is estimated using the de-trended data onoutput growth, in�ation, the nominal interest rate, terms of trade, and the real exhangerate. The foreign blok is desribed by the de-trended series of e�etive output, in�ation,and the nominal interest rate. The e�etive series are onstruted as a sum of the tradepartners series weighted by the export shares.Model variables are expressed in perentage deviations from a steady state. The dataseries are related to model variables via a blok of measurement equations. The measure-ment blok onnets the model variables with the observed data using the measurementerror. The blok of measurement equations and measurement errors harateristis aresummarized in Appendix 3.B.2.The hoie of parameter priors is derived from previous studies [Lubik and Shorfheide(2003); Natalui and Ravenna (2003); Justiniano and Preston (2004); and Musil andVa²í£ek (2006)℄ and is guided by the following onsiderations. The hoie of prior distri-butions re�ets the restritions on the parameters suh as non-negativity deviations orinterval onstraints. Therefore, for parameters onstrained to the 〈0, 1〉 interval, the betadistribution is used. Prior distributions for standard deviations of shoks have been set toinverse gamma. Similarly, for parameters taking positive values, the gamma distributionis used. The standard deviation of priors also re�ets my beliefs about on�dene in thepriors, and I deided to use loose priors rather than tighter ones. Tables 3.3 and 3.4provide an overview of my hoie of priors. Further, I assume β = 0.99 (strit prior),whih implies an annual interest rate of about 4% in a steady state.The model for estimation is losed by the simple monetary poliy rule given as follows:
it = ρiit−1 + ρπEt[πt+1] + ρyyt + ρe∆et + εmt , (3.30)and the risk premium proess is given by equation (3.8) is used. The estimated modelalso does not inlude the information bu�er.For onstrution of the joint probabilisti distribution, I assume that the priors areindependent of eah other to simplify the use of the MCMC algorithm. The Dynaretoolbox to estimate the presented model. Given the data and priors, I generated 300,000draws for eah of the 7 Markov hains using the MH algorithm. While aeptane ratesbetween 20% and 40% are onsidered as reasonable for distribution sampling, I set the88



saling parameter for jumping distribution in MH so that the average aeptane rate is0.35.3.2.2 Estimation resultsThe estimation results are summarized in Tables 3.3 and 3.4 in appendix 3.B.3. Theanalysis of the posterior distributions for eah estimated parameter does not indiate thepresene of omputational problems.The openness parameter α is estimated to be 0.35, implying 0.54 for a steady stateratio of domesti to foreign goods in the domesti onsumption basket. The estimatedvalue is very lose to openness estimates by Natalui and Ravenna (2003) and Musiland Va²í£ek (2006). These works base their estimates on imports share in onsumptionrather than on imports share in gross domesti produt. The openness parameter isalso in aordane with the value 0.27 of foreign-domesti good substitution η beause itindiates low willingness of households to substitute domesti for foreign goods.The value 0.92 of inverse elastiity of inter-temporal substitution σ implies inter-temporal elastiity of 1.08. This value of elastiity indiates that households are onernedabout their onsumption path and they are willing to substitute today's onsumption forthe future one. The aeptane of onsumption hanges is onsistent with a low valueof habit persistene. Also, the value of inverse elastiity of labor substitution, σ = 1.08,implies non-elastiity of the labor supply. The inrease in real wage by 1% implies just0.92% inrease in the labor supply. I believe that this value is onsistent with the lowlabor mobility that haraterizes Czeh labor market, espeially at the beginning of theonsidered period.Aording to the estimation results, interest rate smoothing ρi takes just a slightlyhigher value (0.58) than my prior (0.50). The reation to in�ation and the output gapdeviation are taking values 1.38 and 0.47, respetively. These values of ρπ and ρy revealthat the monetary authority plaes 2.9 more weight on keeping future in�ation stablethan losing the output gap. Moreover, the low value of reation to the deviation ofthe nominal exhange rate ρe re�ets the in�ation targeting fous delared by the CzehNational Bank.My priors for the prie stikiness parameters θ′s are hosen based on Lubik andShorfheide (2005), and they re�et the evidene on US pries. The prior value of prieindexation to in�ation is set to 0.70, while studies exists where the value of indexation89



is set to unity. My estimation results show that there is a low fration of domesti �rms(estimate of θH takes value 0.26) that optimize their pries every quarter. This is on-sistent with estimates using the European data presented by Smets and Wouters (2003).Approximately the same fration of importers optimize their pries every period so theaverage ontrat length is approximately 4 quarters. The value of in�ation indexation
δ means that the prie of the good is updated by half of prie level hange. I �nd itonsistent with my estimates of the low frequeny of prie optimization. The estimatedvalue of 0.56 for in�ation indexation δ is almost three times as high as the estimatesreported by Justiniano and Preston (2004).I assume a high persisteny of tehnologial, risk premium and taste shoks, so thepriors are set to 0.85. However, estimates show that the most persistent shok is thepreferene shok with a value of 0.95 for ρg. This indiates that impats of the prefereneshoks are not temporary but near permanent. I believe that the low persisteny oftehnologial shok, taking value 0.83, with a large standard deviation of tehnologialshok, re�ets the strutural hanges of Czeh industry over the onsidered period.For the foreign blok, I assume the autoorrelation of foreign shoks to be 0.7 [used byNatalui and Ravenna (2002)℄, while I �nd the values of Justiniano and Preston (2004)quite low. However, my estimation results show little persisteny in the foreign in�ationseries. The foreign monetary poliy desribed by equation (3.25) reveals persisteny loseto the prior value, thus indiating signi�ant interest rate smoothing in the Eurozone.Only, the foreign output series reveal persisteny higher then a prior values, and the valueof 0.93 is in aordane with estimates for developed eonomies, like the USA.Priors and estimates of the standard deviation of strutural shoks are summarizedin Table 3.4. These results show that the preferene shok εgt is most volatile. However,this does not mean that the preferene shok is the main driving fore of the variables ofmy interest. Using variane deomposition, I found that the preferene shok generatesonly 7.5% of in�ation volatility, 4.5% of output growth, and 7.3% of nominal interest ratevariane. Due to the high value of openness, I determined that the risk premium shokgenerates 26% of domesti CPI in�ation variane. However, for the estimated oe�ients,variane deomposition shows that the foreign shoks are not the main drivers of domestivariables volatility. The shoks to foreign in�ation and interest rates are responsible forapproximately 11.3%, respetively 2.8% of domesti in�ation variane.To evaluate empirial properties of the generi model, Table 3.1 ompares moments ofthe time series used for estimation with moments of the variables of the estimated model.90



Data ModelVariable Std. dev. Corr. Std. dev. Corr.Output growth 1.05 1.00 2.28 1.00Nominal interest rate 1.38 -0.53 0.53 -0.35CPI in�ation 3.14 -0.12 3.34 -0.06Change in nominal ex. rate 8.37 0.17 8.12 0.11Real ex. rate 3.48 0.17 6.87 0.01Foreign output gap 0.81 0.02 0.74 0.03Foreign in�ation 0.66 0.21 0.81 -0.02Foreign nom. int. rate 0.65 -0.03 0.73 -0.02Table 3.1: Moments summaryThis omparison shows that the model exhibits more volatile output and real exhangerate series and exess interest rate smoothing. However, the estimated model mathesthe properties of the foreign series.Finally, to evaluate the amount of information inluded in the observed series, Iuse a omparison of priors and posteriors distributions. This omparison helps to gaininsight about the extent to whih the data provide information about the estimatedparameters. Aording to plots presented in Figure 3.1, I onlude that some of thepriors are signi�antly updated by information inluded in the data.3.3 Impulse response analysisThe goal of the following omparison is to point to di�erenes indued by adding thepossibility of a poliy rule swith in the estimated model [model with the monetarypoliy rule (3.26)℄. Therefore, the models of the announed hange of monetary poliyare alibrated with the same parameters values as the benhmark model. Figures (3.2)�(3.8) present impulse response funtions of the following four models: estimated model(dash-doted red line); model of swith in 4 (solid magenta line); 8 (dashed blue line);and 40 (dotted blak line) periods. The results are presented as quarterly perentagedeviations from the steady state.Figure 3.2 depits responses to the 1% domesti tehnology shok to εat . As it is ex-peted for the ase of a supply shok, output inreases and in�ation dereases. Via theunovered interest rate parity relation, the derease in the domesti in�ation is aom-panied with a urreny appreiation (sine the in�ation and interest rate of a foreigneonomy does not reat to domesti shoks). The monetary authority dereases interest91



rates. Due to the urreny appreiation and the fat that importers do not update theirpries immediately for lower input ost, the law-of-one-prie (LOP) gap loses, eliminatingimporter pro�ts. The presene of habit formation supports hump-shaped onsumptionpro�le beause households gradually adjust their onsumption pro�le. However, an up-date of imported good pries, with slowing urreny appreiation and real depreiation,restrain the rise in demand for the foreign good. As in�ation in the imported good setorrises, the steady state is established.In the ase of the estimated model (dash-dotted red line), due to the absene of regimehange, muh stronger appreiation is observed. The prie rigidity in imported goodssetor and appreiation leads to a long period de�ation of imported goods pries. Due tolow in�ation, authority responds with expansive monetary poliy. The main di�erenein responses between the model of announed rule swith and the model of independentmonetary poliy is in the extent of response to tehnology shoks.Figure 3.3 presents responses to the domesti taste shok εgt . This shok initiatesan inrease in domesti in�ation and output as expeted in the ase of demand shok.Beause of the initial urreny appreiation, whih results from an expeted hike ininterest rates, importers derease the pries of their goods. The foreign goods beomeheaper and this supports inrease in demand for foreign good. Due to output rigidities,the inrease in output follows with lag. In response to in�ation and output inreases,the domesti monetary authority inreases the interest rate. Due to the prie indexationof import pries to CPI in�ation, the initial response of the LOP gap is negative andimporters enjoy pro�ts.For the benhmark model, the import prie derease has a larger extent than in thease of a rule swith and this makes households inrease their demand for a foreign good.This results from the reation of the monetary authority, whih an not rely on theexpetations formed aording to exhange rate stabilizing poliy. Moreover, the extentof these deviations is very small.Figure 3.4 presents responses to the risk premium shok εst . In the ase of an announedhange in monetary regime, this leads to initial depreiation and an immediate inrease inthe interest rate to prevent further depreiation and a rise in in�ation. For the models ofthe poliy swith, the monetary authority strongly inreases the interest rate in order too�set the hange in the nominal exhange rate immediately. However, due to the extentof the depreiation and the in�ation indexation of import pries, a signi�ant inrease inthe prie of imported goods is observed. In here, the main di�erene between the models92



is the extent of the initial depreiation.In the ase of a monetary poliy shok εmt , as shown in Figure 3.5, the shape of theresponses does not di�er muh between models of transition beause of the low persis-teny of the shok, and the steady state is quikly established. A positive monetarypoliy shok is equivalent to a ontrationary poliy. Therefore, output dereases in linewith onsumption as inter-temporal substitution motivates households to postpone on-sumption. The indued appreiation results in a drop of prie of imports. The estimatedhange model initially reats with muh stronger appreiation, leading to a signi�antdrop in in�ation and output, therefore expansionary poliy is onduted in the followingperiods. However, the steady state is established within periods.Responses to a foreign in�ation shok επt are presented in Figure 3.6. In models oftransition, an inrease in the foreign in�ation rate leads to an immediate appreiationof the domesti urreny (implied by UIP). An inrease in prie of imports supportsdomesti in�ation rise. The monetary authority has to reat with ontrationary poliy,whih suppresses output. But this deviation is very small. In the estimated model initialappreiation is very strong, so the real exhange rate together with ontrationary poliydoes not allow for the initial inrease in output fueled by inreased foreign demand.Figure 3.7 depits responses to the foreign positive output shok εyt . An inrease inforeign eonomi ativity leads to an inrease in demand for the domesti goods anddomesti in�ation, so domesti output rises in response to this shok. High foreigndemand leads to inrease of foreign good pries, leading to imported goods prie inreasewhih together with domesti in�ation delivers domesti urreny depreiation via UIP.Depreiation eliminates importer pro�ts and is followed by a large inrease in domestiinterest rates.For the foreign output shok, the main di�erenes in responses our in the initialperiod, where more extensive depreiation is observed for the estimated model in theperiod following the shok realization. Therefore, the monetary authority responds withontrationary poliy.Finally, Figure 3.8 depits responses to the positive shok to foreign interest rate εit.The UIP implies an initial depreiation of domesti urreny beause of the negativeinterest rate di�erential. Domesti urreny depreiation is able to support an initialinrease in foreign demand that fuels domesti output and in�ation inrease. The do-mesti monetary authority reats with ontrationary monetary poliy in the followingperiods. However, even through interest rate inreases, the analysis of the LOP gap93



shows that importers are faings losses. This means that importers are bearing the ostsof depreiation due to the high rigidity of import pries.3.4 Maroeonomi stabilityAs disussed in the previous setion, impulse response funtions mostly di�er in the extentof the deviations in reations to shoks. Therefore, I fous on volatility of in�ation, outputgap, and the exhange rate hange.Fous on maroeonomi stability was used as the standard approah in the earlyliterature on monetary poliy evaluations. It simpli�es the analysis beause of the inde-pendene from the welfare funtion spei�ation. I believe it an still o�er interestingomparisons, as reently presented by Cuhe-Curti, Dellas, and Natal (2008) and Collardand Dellas (2002).However, due to the volatility trade-o�s between variables, a simple omparison ofvolatilities does not straightforwardly identify the regime that delivers the highest levelof maroeonomi stability. As Cuhe-Curti, Dellas, and Natal (2008) summarize, anexhange rate peg an outperform a �exible exhange rate regime under assumptions of astable external environment and that the main soure of nominal rigidity is in the goodsmarket. They also �nd that poliies ignoring movements in the exhange rate an bedominated by a simple exhange rate targeting poliy. Also, Dellas and Tavlas (2003)show that pegging of the exhange rate may be bene�ial in the presene of nominalrigidities.Therefore, for the purpose of monetary regime omparison, I use the traditional formof the per-period loss funtion [e.g., as in Laxton and Pesenti (2003) and Santareu(2005)℄:
Lt = τV ar(πt) + (1 − τ)V ar(yt) +

τ

4
V ar(∆it), (3.31)where τ ∈< 0, 1 > is used to desribe the preferenes of monetary authority aboutin�ation output and monetary poliy stability. To ompute the loss over the transition,

β is used as the disount fator and the overall loss is omputed as a disounted sum ofper period losses.Using the loss funtion, I ompute optimal poliies that minimize the value of the lossby hoie of the weights ρi, ρπ, ρy and ρe for the monetary poliy rule given by equation94



(3.26).In this experiment, the varianes from the estimated model are used as the initialonditions for reursive omputation, as desribed in Appendix 3.A. Further, I omputethe optimal poliy for various lengths of transition. I also repeat the minimization prob-lem for the various spei�ations of preferenes of the monetary authority by varying τ.The resulting loss is shown in Figure 3.9.It an be observed that a longer transition period leads to lower values of loss. Also, asthe monetary authority beomes more onerned about the output volatility (low valuesof τ), the authority is generally ahieving lower loss.Figure 3.10 shows the parameters of the optimal poliy rule for the transition periodas the funtion of transition length and preferenes spei�ation. The plot for the interestrate smoothing parameter ρi shows that for all transition periods, the poliy rigidity issteeply inreasing as the in�ation stability is gaining higher weight. The plot for the hoieof the in�ation targeting parameter ρπ does not show muh variane over the onsideredtransition lengths. Intuitively, as the weight on in�ation in loss funtion spei�ation isgetting higher (τ inreases), ρπ is also inreasing.Further, for ρy the value of output gap targeting is varying among transition lengthsand preferenes spei�ations. Also, intuitively when output stability is extremely pre-ferred the ρy reahes the upper onstraint. It seems that there is a trade-o� betweenthe output gap and a hange in nominal exhange rate targeting while as preferenesare shifted towards in�ation, stability ρe dereases. This an be explained by the foreignshok absorbing nature of the exhange rate. Lower values of exhange rate targetingprovide a more �exible exhange rate, whih is able to absorb the foreign in�ation move-ments. At the same time, the hanges in exhange rate an a�et domesti output viathe foreign demand. Therefore to avoid inrease in the domesti output volatility, ρy isinreasing.3.4.1 Variane deompositionAs in Collard and Dellas (2002) and in order to better understand the fores that drivehange in the business yle behavior, hange in the origins of the variane is analyzed.I analyze the hanges in variane deomposition between the estimated model and themodel of post-transition (t ≥ T ). I report the hanges in variane ontribution shok tothe volatility of variables in Table 3.2. These hanges are omputed as a di�erene of95



shok ontribution to the total variane of the onsidered variable (in perents) in theestimated model and in the model of post-transition regime. In here, a positive valuesignals an inrease in the ontribution to volatility in the model of the post-transitionregime. ShoksVariable εa εm εg εs επ εy εi

∆et -1.4 -16.4 -64.3 -9.8 16.4 41.1 40.4
it -19.5 -1.5 -7.3 -59.5 11.9 52.4 23.5
mct -1.2 -18.0 45.6 -10.7 0.2 -14.7 -1.3
πt -6.0 -43.9 84.1 -26.4 1.0 -6.1 -2.7
piFt -2.3 -16.9 -69.1 -10.2 51.0 39.8 7.7
piHt -3.4 -18.6 41.2 -11.2 0.4 -7.3 -1.1
ψFt -0.2 -18.2 -69.2 -10.8 80.7 4.7 12.9
yt -0.1 -1.7 2.7 -1.0 0.1 0.2 -0.1Table 3.2: Variane deomposition: ChangesThe negative hange in the ontribution of the monetary poliy shok and risk pre-mium originates from the design of my experiment when these shoks are eliminated inthe post-transition model. The 64.3% derease in the ontribution of the taste shok εato the volatility of hange in the exhange rate shows that the exhange rate operatesas a shok absorber in the estimated model. The taste shok εg beome the dominantsoure of the domesti and CPI in�ation volatility in the model of the post-transitionregime, as the inreases by 41.2% and 84.1% show. So o�setting of the nominal exhangerate hanges makes the stability of in�ation signi�antly more vulnerable to the domestipreferene shok that ats as a demand shok in the estimated model.As the exhange rate beome less volatile in the model of the post-transition regime,foreign shoks beome the major soures of maroeonomi volatility. The soure ofvolatility in LOP gap (ψFt ) shifts from domesti preferene and monetary shok towardsforeign in�ation shok (80.7%) and foreign interest rate (12.9%). This indiates thatpro�ts of importers beome very sensible to shoks originating in the foreign eonomyin the post-transition period. This also applies for imported in�ation beause importers'pro�ts are losely onneted with hanges in foreign prie level. The reason for thishange is that the stable exhange rate is not able to work as a shok absorber for foreignshoks. Therefore, all foreign shoks are diretly transferred to the domesti eonomy.A signi�ant shift in soures of volatility ours for domesti interest rates as themonetary poliy fouses on the exhange rate. For the interest rate, all domesti soures96



of volatility are eliminated and volatility is almost fully driven by foreign shoks; 87.8%shift toward foreign shoks. This originates from the inrease in exhange rate stabilitywhile the domesti eonomy beomes more vulnerable to foreign demand shoks. Also,the quite high persisteny of foreign output and interest rate shoks is the reason thatthese shoks generate a large fration (75%) of the domesti interest rate volatility.There are no important shifts in soures of output gap volatility over the regimes.Output volatility remains mainly driven by preferene, tehnology and foreign outputshoks that at as the demand shok. As the ontribution of the supply shok εa tointerest rate is dereased, I an onlude that the demand shoks will be the dominantsoure of volatility.3.4.2 Business yles orrelationsIn the previous setions, my examples show how maroeonomi volatility is hangingover the transition period. Also, the omparison of an estimated and a post-transitionregime provides a loser look at the hanges in the soures of in�ation. As the adoption ofa pegged or �xed exhange rate strengthens the links between eonomies, the transmissionof disturbanes is also inreased. Aording to theories of urreny areas, business ylesynhronization is a neessary ondition for suessful implementation and sustainabilityof pegged or �xed exhange rate regimes.This setion is devoted to the analysis of hanges in the synhronization of businessyles between a small and large eonomy. Therefore, Figures 3.11�3.13 show the evolu-tion of the orrelations with foreign variables over the various transition period lengths; 2,4, 8 and 12 quarters. To ompute the orrelations, the optimal poliies for these lengthsare used. For these omputations τ = 0.75 is hosen to re�et the preferene for in�ationstability as observed in the estimated rule, where the in�ation targeting weight ρπ is 2.9times higher than output gap weight ρy.As shown in Figure 3.11, the orrelation of foreign in�ation and exhange rate move-ments is suddenly hanged to a value lose to zero after the regime swith beause underthe post-transition rule hanges in the exhange rate are signi�antly eliminated. Thisindiates that the exhange rate loses its shok-absorbing nature. As expeted, domestiin�ation is beoming more orrelated with foreign in�ation over the transition periodvia the imported goods hannel. Interestingly, at the end of the transition period thisorrelation drops temporarily. A similar pattern is observed for the orrelation of foreign97



in�ation and domesti nominal interest rate. This indiates that the monetary author-ity trades-o�s exhange rate in�ation targeting for exhange rate stability at the end oftransition. After transition is over, the inrease of this orrelation ontinues as domestimonetary authority has to follow hanges in imported goods pries while these are notabsorbed by the exhange rate movements.As shown in Figure 3.12, a steep inrease in the orrelation of foreign and domestiinterest rate is observed. As the fous of a post-transition regime is a stable exhangerate, domesti monetary poliy has to eliminate the pressures for exhange rate hangeoriginating from hange in foreign interest rate that is transferred via UIP. The steep in-rease in the foreign interest rate and hanges in nominal exhange rate is also observed.Over the transition the domesti monetary authority does allow for hanges in the ex-hange rate that helps as a shok absorber for foreign shoks. Therefore, the orrelationof foreign interest rate and domesti CPI in�ation is lose to zero or negative. However,the fous on stability of the exhange rate eliminates this shok absorbing feature so thesteep inrease in this orrelation is ahieved after the regime hange. Figure 3.12 showsthat the domesti monetary authority strongly reats to hanges in foreign interest rate.Also, domesti output is getting more positively orrelated with foreign interest rate,while the UIP implies more depreiation pressures as a reation to the foreign interestrate inrease. However, these hanges in orrelation are relatively small.Further, Figure 3.13 shows a orrelation with foreign output. Also, in here an inreasein domesti-foreign output synhronization is observed. These orrelation hanges aresmall while the inrease in CPI in�ation-foreign output orrelation signals that the prieis inreased in response to higher foreign demand for domesti goods. Therefore, thepositive value of foreign output-domesti interest rate orrelation over the transition isa result of in�ationary pressures that originate from hanges in foreign demand. Thesepressures require a response by the domesti monetary authority to suppress in�ation.Also the negative value of the exhange rate-foreign output orrelation shows that theexhange rate is helping to absorb the output shok. Figure 3.13 also shows a dropin orrelation of domesti nominal interest and exhange rates with foreign output atthe end of transition. This shows that in the last periods of transition, the domestimonetary poliy is less ontrative while the hanges in foreign demand are absorbed bythe exhange rate. 98



3.5 Poliy impliationsA very important onern of the monetary authority of a small open eonomy is itsin�uene on in�ation and output. Figure 3.14 shows the evolution of the orrelation ofin�ation, output and exhange rate hanges with domesti nominal interest rates overthe transition. In these plots, the optimal poliies for various lengths of the transitionare onsidered as in the previous setion.The in�ation-interest rate orrelation drops mainly in the initial and late phase ofthe transition. The initial drop is originating from the announement of the poliy rulehange. At this point, households realize that in future the in�ation stability will be notthe main onern of the monetary authority. The plot for in�ation-interest rate orrelationshows that the monetary authority loses its ontrol over domesti CPI in�ation rapidlyin the transition. The seond drop in its in�uene over in�ation ours in the last periodsof the transition when monetary poliy is at the most ontrative level for output.Consistently with the experiment design, interest rate gets more orrelated with thehanges in the exhange rate over the transition. This orrelation reahes almost unityin the post-transition regime, as the inrease in the domesti interest rate is used toeliminate the depreiation of the exhange rate.Interestingly, the orrelation of output and interest rate is initially negative, as theinrease in interest rate leads to a ontration of output. As the output-interest rateplot in Figure 3.14 shows, monetary poliy is gaining more ontrationary power towardsthe end of the transition. However, after the regime is hanged, the inreasing interestrate losses its ontrationary nature. This loss originates from the nature of the newregime, under whih the inrease in interest rate is losely related to depreiation underthe post-transition regime, as the interest-exhange rate plot shows.3.6 ConlusionsIn this hapter, I analyze the e�ets of an announed transition towards the regime ofpegged exhange rate for the small open eonomy. Therefore, the model of the redibleand foreseen regime swith is needed to reate. I do this by extending the standard modelof the small open eonomy with the binary regime indiator and information bu�er thatmakes the hanges of indiator foreseen.In the presented model of transition towards the pegged exhange rate, the announe-99



ment of the hange is modeled as the realization of information shoks that are enteringthe information bu�er.To parameterize the model, its parameters are estimated via Bayesian method usingdata on the Czeh Republi. The properties of the estimated model are examined viathe impulse response funtions. The impulse responses are omputed for the estimatedmodel with respet to the various lengths of the transition toward the pegged exhangerate regime.Further, setting up the ad-ho loss funtion allows me to ompute simple optimalpoliies for the transition period with the respet to preferenes for in�ation-output sta-bilization and length of transition. Generally, the optimal poliies are able to deliver alower loss for long transition periods and under the strong fous on output stability. Themonetary poliies delivering the lowest loss are haraterized by very low interest ratesmoothing and low weight on in�ation targeting.The business yle synhronization analysis shows that there are signi�ant hangesin the orrelations of in�ation, interest rate and exhange rate hanges. The orrelationof domesti variables and the interest rate shows that in the last period of transition,the ontrationary e�et of the interest rate is reahing its maximum. While after theadoption of the rule of the pegged exhange rate, inreases in the interest rate beomesa sign of expansion as the result of reation to expeted depreiation.
3.A Transition period modelThe solution of the transition period model given by equations (3.13)�(3.25), and equa-tions (3.27) takes the following general form:

xt = F (xt−1, εt, νt), 0 < t ≤ Twhere xt is the vetor of the model variables, εt = {επt , ε
y
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t , ε
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t} is the vetorof foreign and domesti strutural shoks, νt = {νt,1, . . . , νt,N} is the vetor of informa-tion shoks, and F (.) is the seond-order polynomial. However, due to the independeneof information and strutural shoks after the evaluation of information shoks (an an-nounement of the transition), the system will be beome linear. The evaluation takes theform given by sheme (3.28) and νt,i = 0, ∀i and for all subsequent periods t, 1 < t ≤ T.Therefore, the transition period model with a given length of the transition period takesthe following form:

xt = Atxt−1 +Bεt, 0 ≤ t ≤ T (3.32)100



where matries At, t = 0, . . . , N and matrix B depend on the strutural parameters of themodel and the transition period length. Matrix B is time invariant while the struturalshoks are independent. However for t1, t2 > T, I have At1 = At2 beause νt for t > 1 isa vetor of zeros and after period T the information bu�er is �lled only with zeros.The state-spae solution onditional on evaluation of the information shoks is used tosimulate the model and ompute the ovariane matries Σt. To ompute the ovarianematrix Σt reursively the following formula is used:
Σt = AtΣt−1A

T
t +BV ar(εt)B

T , 0 < t ≤ T (3.33)where Σ0 is the ovariane matrix from the model estimated on data, V ar(εt) is timeinvariant ovariane matrix of strutural shoks. Further, to ompute the evolution ofvariane after the hange of regime, the following reursive formula for t > T is used:
Σt+1 = AfΣtA

fT +BfV ar(εt)B
f T , t > T (3.34)where matries Af and Bf are taken from the solution of the model with the monetarypoliy rule given by equation (3.26) for regimet = 0.3.B Estimation3.B.1 Data desriptionAll data in the estimation are from the Czeh National Bank database. Series are sea-sonally adjusted with TRAMO/Seats and X12. All observed series are measured atquarterly frequeny and �ltered. Series are in logs; therefore they an be interpreted asthe perentage deviations from steady state levels.

• Domesti output growth (∆GDPt) is the HP de-trended annualized logarithm ofreal GDP growth.
• Domesti CPI in�ation deviation (PIt) is the HP de-trended annualized quarterlygrowth rate of the logarithm of the onsumer prie index (CPI).
• Foreign good in�ation (PIFt) is the HP de-trended annualized quarterly logarithmof the growth rate of imported good prie (in domesti urreny) index.
• Nominal interest rate (RSt) is the HP de-trended annualized quarterly value of the3-month PRIBOR.
• Real exhange rate (Qt) is the HP de-trended quarterly value of the real exhangerate.
• Foreign output gap (GDP ∗

t ) is the real GDI gap for an e�etive Eurozone reatedby the use of the export values weights and de-trended by the Kalman �lter.
• Foreign real interest rate (RS∗

t ) is the HP de-trended annualized quarterly valueof the 3-month EURIBOR. 101



• Foreign in�ation (PI∗t ) is the HP de-trended annualized quarterly growth rate inthe log of onsumer prie index for the e�etive Eurozone (export weights).All series used for estimation over the period from the �rst quarter of 1998 to the seondquarter of 2007.3.B.2 Measurement blokFor my estimation the following measurement blok is used to relate model variables toobserved time series data:
∆GDPt = 4 ∗ (yt − yt−1 + εat ) + εGDPt

PIt = 4 ∗ πt + εPIt
PIFt = 4 ∗ πFt + εPIFt

RSt = 4 ∗ it + εRSt
Qt = qt + εQt
PI∗t = 4 ∗ pi∗t + εPI

∗

t

RS∗

t = 4 ∗ i∗t + εRS
∗

t

GDP ∗

t = y∗t + εGDP
∗

t ,where I assume that εGDPt , εPIt , εPIFt , εRSt , εQt , ε
PI∗

t , εRS
∗

t , εGDP
∗

t are independent normallydistributed with zero mean. For estimation I assume that the standard deviations of themeasurement errors take following values 0.25, 0.5, 0.3, 2.0, 1.0, 0.1, 0.1, 0.1 (in the givenorder).3.B.3 Priors and posteriorsThe following tables summarize the distribution type and parameters hoie (mean, andstandard deviation) of prior distributions used to estimate the parameters of posteriordistributions (mode and standard deviation).
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Prior PosteriorVariable Desription Distr. Mean s.d. Mode s.d.
β Disount fator 0.99
α Degree of openness Beta 0.40 0.05 0.35 0.04
η Elastiity of F-H substitution Gamma 1.50 0.50 0.27 0.07
δ Degree of in�ation indexation Beta 0.70 0.10 0.56 0.13
σ Inverse elastiity of substitution Gamma 0.90 0.50 0.92 0.29
ϕ Inverse elastiity of labor supply Gamma 1.50 0.50 1.08 0.48
θF Calvo priing - foreign Beta 0.50 0.10 0.22 0.04
θH Calvo priing - domesti Beta 0.50 0.10 0.26 0.04
h Degree of habit formation Beta 0.80 0.10 0.65 0.11
ρi Interest rate smoothing Beta 0.50 0.05 0.58 0.04
ρπ Response to in�ation Gamma 1.50 0.20 1.38 0.23
ρy Response to output gap Gamma 0.50 0.10 0.47 0.09
ρe Response to ex. rate hange Gamma 0.10 0.05 0.04 0.02
ω11 Foreign VAR Normal 0.70 0.30 0.18 0.18
ω12 Foreign VAR Normal 0.00 0.20 0.10 0.04
ω13 Foreign VAR Normal 0.00 0.20 -0.14 0.16
ω21 Foreign VAR Normal 0.50 0.30 -0.07 0.22
ω22 Foreign VAR Normal 0.70 0.20 0.93 0.06
ω23 Foreign VAR Normal -0.10 0.20 -0.09 0.18
ω31 Foreign VAR Normal 1.50 0.20 0.27 0.09
ω32 Foreign VAR Normal 0.50 0.20 0.05 0.02
ω33 Foreign VAR Normal 0.70 0.30 0.58 0.13
ρa Tehnology - VAR(1) Beta 0.85 0.10 0.83 0.11
ρs Ex. rate risk - VAR(1) Beta 0.85 0.10 0.59 0.20
ρg Taste shok - VAR(1) Beta 0.85 0.10 0.95 0.02Table 3.3: Results from posterior parameters (parameters)

Prior PosteriorVariable Desription Distribution Mean s.d. Mode s.d.
επ Foreign in�ation Gamma−1 0.60 0.50 0.18 0.02
εy Foreign demand shok Gamma−1 0.30 0.50 0.30 0.03
εi Foreign monetary shok Gamma−1 0.30 0.50 0.08 0.01
εa Domesti tehnology shok Gamma−1 0.80 0.50 0.25 0.03
εm Domesti monetary shok Gamma−1 0.30 0.10 0.44 0.07
εg Domesti preferene shok Gamma−1 1.50 0.50 3.07 0.43
εs Risk premium shok Gamma−1 1.00 0.50 0.34 0.05Table 3.4: Estimation summary: Standard deviation of strutural shoks103
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Figure 3.1: Priors and posterior distributions3.C Impulse response funtionsHere, the dash-dotted red line represents an estimated model; the magenta solid line isfor regime swith in 4; the dashed blue line in 8; and the dotted blak line in 40 periods.The results are presented as quarterly perentage deviations from the steady state.
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3.D Volatility and loss evaluation
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3.E Cyles synhronizationHere, the dash-dotted red line is for a poliy swith in 2 periods; the magenta solid lineis for regime swith in 4; dashed blue line in 8; the dotted blak line in 12 periods. Theresults are presented as quarterly perentage deviations from the steady state.
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Figure 3.13: Correlation: y∗t

5 9 13
0

0.5

1

1.5

2

Co
rre

lat
ion

Periods

Nominal int. rate

5 9 13
−0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

Co
rre

lat
ion

Periods

CPI inflation

5 9 13
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

Co
rre

lat
ion

Periods

Output

5 9 13
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

Co
rre

lat
ion

Periods

∆ e

Figure 3.14: Correlation: it
110



Bibliography
Aigner, Dennis, C. A. Knox Lovell, and Peter Shmidt. 1977. �Formulation and estima-tion of stohasti frontier prodution funtion models.� Journal of Eonometris 6(1): 21�37 (July).Ali, Agha Iqbal, and Lawrene M. Seiford. 1993. Chapter The Mathematial program-ming approah to e�ieny analysis of The measurement of produtive e�ieny:Tehniques and Appliations, edited by Harold O. Fried, C.A. Knox Lovell, andShelton S. Shmidt, 120�160. New York: Oxford University Press.An, Sungbae, and Frank Shorfheide. 2007. �Bayesian Analysis of DSGE Models.�Eonometri Reviews 26 (2-4): 113�172.Banker, R. D., Abraham Charnes, and William W. Cooper. 1984. �Some Models forEstimating Tehnial and Sale Ine�ienies in Data Envelopment Analysis.� Man-agement Siene 30:1078�192.Barker, Randolf, Robert W. Herdt, and Beth Rose. 1985. The Rie Eonomy of Asia.1616 P street, N.W., Washignton D.C., USA: Resoures for the Future.Barrett, C. B. 1996. �On Prie Risk and the Inverse Farm Size-Produtivity Relation-ship.� Journal of Development Eonomis 51 (2): 193�216.Binswanger, Hans P., Klaus Deininger, and Gershon Feder. 1995. Chapter Power,Distortions, Revolt and Reform in Agriultural Land Relations of Handbook of De-velopmnet Eonomis, edited by Jere Behrman and T.N. Srinivasan, Volume 3B,2659�2773. Amsterdam, The Nederlands: Elsevier Siene B.V.Brázdik, Franti²ek. 2001, June. �Interior Point Methods in DEA Models of LinearProgramming.� Master Thesis, Faulty of Mathematis, Physis and Informatis ofComenius University, Mlynská dolina, Bratislava, Slovakia. in Slovak.Byrnes, Patriia, and Vivian Valdmanis. 1989. Chapter Variable Cost Frontiers: AnInvestigation of Labor Costs in Hospitals of Cost Analysis Appliations Of Eonomisand Operation Researh, edited by T. R. Gulledge Jr. and L. A. Litteral. Berlin:Springer Verlag.Carlstrom, Charles T., and Timothy S. Fuerst. 2000. �Forward-looking versus bakward-looking Taylor rules.� Working paper 0009, Federal Reserve Bank of Cleveland.111



Charnes, Abraham, William W. Cooper, Arie Y. Lewin, and Lawrene M. Seiford.1994. Data Envelopment Analysis: Theory, Methodology and Appliations. Editedby A. Charnes, WilliamW. Cooper, Arie Y. Lewin, and Lawrene M. Seiford. KluwerAademi Publishers.Charnes, Abraham, WilliamW. Cooper, and E. Rhodes. 1978. �Measuring the e�ienyof deision making units.� European Journal of Operational Researh 2:429�444.Collard, Fabrie, and Harris Dellas. 2002. �Exhange rate systems and maroeo-nomi stability.� Journal of Monetary Eonomis 49 (3): 571�599. available athttp://ideas.repe.org/a/eee/moneo/v49y2002i3p571-599.html.Collard, Fabrie, and Mihel Juillard. 2001a. �Auray of stohasti perturbation meth-ods: The ase of asset priing models.� Journal of Eonomi Dynamis and Control25 (6-7): 979�999. available at http://ideas.repe.org/a/eee/dynon/v25y2001i6-7p979-999.html.. 2001b. �A Higher-Order Taylor Expansion Approah to Simulation ofStohasti Forward-Looking Models with an Appliation to a Nonlinear PhillipsCurve Model.� Computational Eonomis 17 (2-3): 125�39. available athttp://ideas.repe.org/a/kap/ompe/v17y2001i2-3p125-39.html.Cooper, W. W. 1999. �Operational Researh/Management Siene: Where It's Been.Where it Should be Going?� The Journal of the Operational Researh Soiety 50(1): 3�11 (January).Cooper, WilliamW., Zhimin Huang, Vedran Lelas, Susan X. Li, and Ole B. Olesen. 1998.�Chane Constrained Programming Formulations for Stohasti Charaterizations ofE�ieny and Dominane in DEA.� Journal of Produtivity Analysis 9:53�79.Cuhe-Curti, Niolas A., Harris Dellas, and Jean-Mar Natal. 2008. �In�ation Targetingin a Small Open Eonomy.� International Finane 11 (1): 1�18 (05).Daryanto, Heny, George E. Battese, and Euan M. Fleming. 2002a, July. �TehnialE�ienies of Rie Farmers Under Di�erent Irrigation Systems and Cropping Seasonsin West Java.� Asia Conferene on E�ieny and Produtivity Growth, Universityof New England, Shool of Eonomis, University of New England, Armidale, NSW,Australia.. 2002b, July. �Tehnial E�ienies of Rie Farmers Under Di�erent IrrigationSystems and Cropping Seasons in West Java.� Asia Conferene on E�ieny andProdutivity Growth, University of New England, Institute of Eonomis, AademiaSinia,Taipei Taiwan, Republi of China.Davidova, So�a, and Laure Latru�e. 2003. �Tehnial E�ieny and Farm Fi-nanial Management in Countries in Transition.� Institut National del reherheAgronomique Working Paper series 03�01 (Deember): 1�35.Dawson, P.J., and J. Lingard. 1991. �Approahes to Measuring Tehnial E�ieny onPhilippine Rie Farms.� Journal of International Development 19:211�228.Dellas, Harris, and G. S. Tavlas. 2003, January. �Wage rigidity and monetary union.�CEPR Disussion Papers 4229, C.E.P.R. Disussion Papers.112



Dhungana, Basanta R., Peter L. Nuthall, and Gilbert V. Nartea. 2004. �Measuring theEonomi Ine�ieny of Nepalese Rie Farms Using Data Envelopment Analysis.�The Australian Journal of Agriultural and Resoure Eonomis 48 (2): 347�369(June).Druska, Viliam, and William C. Horrae. 2004. �Generalized Moments Estimation forSpatial Panel Data: Indonesian Rie Farming.� Amerian Journal of AgriulturalEonomis 86 (1): 185�190.Erwidodo. 1990. �Panel Data Analysis on Farm�Level E�ieny, Input Demand andOutput Supply of Rie Farming in West Java Indonesia.� Ph.D. dissertation, De-partment of Agriultural Eonomis, Mihigan State University.Erwidodo, Tahlim Sudaryanto, and Sjaiful Bahri. 1999. �Crisis�induted Poliy Reformsand Agriultural Liberalization in Indonesia.� ACAIR Indonesia researh projetWorking Paper, vol. 99.03 (January). Presented at Annual Australian Agriulturaland Resoure Conferene, Christhurh.Farmer, Roger E.A., Daniel F. Waggoner, and Tao Zha. 2007, Marh. �Understandingthe New-Keynesian Model when Monetary Poliy Swithes Regimes.� Working paper12965, National Bureau of Eonomi Researh.Farrell, M. J. 1957. �The Measurement of Produtive E�ieny.� Journal of the RoyalStatistial Soiety � Series A (General) 120 (3): 253�290.Farrell, M. J., and M. Fieldhouse. 1962. �Estimating E�ient Prodution Funtionsunder Inreasing Returns to Sale.� Journal of the Royal Statistial Soiety � SeriesA (General) 125 (2): 252�267.Ferro�Luzzi, Giovanni, José Ramirez, Yves Flükiger, and Anatole Vassiliev. 2003, O-tober. �Performane measurement of e�ieny of regional employment o�es.� Na-tional researh projet 45, Université de Genéve, Département d'éonomie politique40, Boulevard du Pont�d'Arve CH-1211 Genéve 4.Färe, Rolf, and Shawna Grosskopf. 1994. �Estimation of Returns to Sale Using DataEnvelopment Analysis: A Comment.� European Journal of Operational Researh 79(3): 379�382.Fredierik, William H., and Robert L. Worden, eds. 1992, November. Indonesia: ACountry Study. 5th. Area Handbook Series. US Government Printing O�e.Fried, Harold O., C. A. K. Lovell, Shelton S. Shmidt, and Suthathip Yaisawarng.2002. �Inorporating the Operating Environment Into a Nonparametri Measure ofTehnial E�ieny.� Journal of Produtivity Analysis 17:157�174.Fried, Harold O., Shelton S. Shmidt, and Suthathip Yaisawarng. 1999. �Inorporatingthe Operating Environment Into a Nonparametri Measure of Tehnial E�ieny.�Journal of Produtivity Analysis 12:249�267.Fuhrer, Je�rey C. 2000. �Habit Formation in Consumption and Its Impliations forMonetary-Poliy Models.� Amerian Eonomi Review 90 (3): 367�390 (June).Fulginiti, Lilyan E., and Rihard K. Perrin. 1997. �LDC agriulture: NonparametriMalmquist Produtivity Indexes.� Journal of Development Eonomis 53 (2): 373�390 (August). 113



Gali, Jordi, and Tommaso Monaelli. 2002, April. �Monetary Poliy andExhange Rate Volatility in a Small Open Eonomy.� NBER WorkingPapers 8905, National Bureau of Eonomi Researh, In. available athttp://ideas.repe.org/p/nbr/nberwo/8905.html.. 2005. �Monetary Poliy and Exhange Rate Volatility in a Small Open Eon-omy.� Review of Eonomi Studies 72 (3): 707�734.Gallagher, Kevin D. n.d. Chapter Stopping subsisdies for pestiides in Indonesian rieprodution of Sustainable Development International, 71�74. Rome, Italy: Food andAgriulture Organization.Gonzales-Lima, Maria D., Rihard A. Tapia, and Robert M. Thrall. 1996. �On theonstrution of strong omplementarity slakness solutions for DEA linear program-ming problems using a primal�dual interior�point method.� Annals of OperationsResearh 66:139�162.Greene, William. 2004. �The Behaviour of the Maximum Likelihood Estimator of Lim-ited Dependent Variable Models in the Presene of Fixed E�ets.� The EonometrisJournal 7 (1): 98�119 (June).Grigorian, David A., and Vlad Manole. 2002, June. �Determinants of Com-merial Bank Performane in Transition: An Appliation of Data Envelop-ment Analysis.� Tehnial Report 2850, The World Bank. available athttp://ideas.repe.org/p/wbk/wbrwps/2850.html.Gstah, Dieter. 1998. �Another approah to data envelopment analysis in noisy envi-ronments: DEA+.� Journal of Produtivity Analysis 9:161�176.Hallam, David, and Fernando Mahado. 1996. �E�ieny Analysis with Panel Data: AStudy of Portuguese Dairy Farms.� European Review of Agriultural Eonomis23 (1): 79�93. available at http://ideas.repe.org/a/oup/erevae/v23y1996i1p79-93.html.Halme, Merja, and Pekka Korhonen. 1998, Deember. �Restriting WeightsIn Value E�ieny Analysis.� Interim report IR�98�104, InternationalInstitute for Applied Systems Analysis, A-2361 Laxenburg, Austria.http://www.iiasa.a.at/Publiations/Douments/IR-98-104.pdf.Hanoh, Giora, and Mihael Rothshild. 1972. �Testing the Assumptions of ProdutionTheory: A Nonparametri Approah.� The Journal of Politial Eonomy 80 (2):256�275 (Marh�April).Helfand, Steven M., and Edward S. Levine. 2004. �Farm Size and the Determinantsof Produtive E�ieny in the Brazilian Center-West.� Agriultural Eonomis 31(2�3): 241�249 (Deember).Horrae, William C., and Peter Shmidt. 1996. �Con�dene Statements for E�ienyEstimates from Stohasti Frontier Models.� Journal of Produtivity Analysis 7:257�282.Huang, Zhimin, and Susan X. Li. 2001. �Stohasti DEA ModelsWith Di�erent Typesof Input�Output Disturbanes.� Journal of Produtivity Analysis 15:95�113.114



Ireland, Peter N. 2004. �A method for taking models to the data.� Journalof Eonomi Dynamis and Control 28 (6): 1205�1226 (Marh). available athttp://ideas.repe.org/a/eee/dynon/v28y2004i6p1205-1226.html.Jaforullah, Mohammad, and Erandi Premahandra. 2003, Otober. �Sensitivity oftehnial e�ieny estimates to estimation approahes: An investigation using NewZealand dairy industry data.� University of otago eonomis disussion papers 0306,University of Otago, Department of Eonomis, University of Otago, P.O. Box 56,Dunedin, New Zealand.Juillard, Mihel. 1996. �Dynare : a program for the resolution and simulation of dy-nami models with forward variables through the use of a relaxation algorithm.�Cepremap working papers (ouverture orange) 9602, CEPREMAP. available athttp://ideas.repe.org/p/pm/epmap/9602.html.Justiniano, Alejandro, and Brue Preston. 2004, September. �Small Open EonomyDSGE Models: Spei�ation, Estimation and Model Fit.� unpublised manusript.Kameník, Ondra. 2007, July. �DSGE Models with Dynare++. A Tutorial.� TehnialReport v. 1.3.5. available at http://www.epremap.nrs.fr/dynare/.Kmenta, Jan. 1990. Elements of Eonometris. 2nd. New York, NY, USA: MamillanPublishing Company. page 491.Kollmann, Robert. 2002, Marh. �Monetary Poliy Rules in the Open Eonomy: E�etson Welfare and Business Cyles.� Cepr disussion papers 3279, C.E.P.R. DisussionPapers. available at http://ideas.repe.org/p/pr/eprdp/3279.html.Krasahat, Wirat. 2004. �Tehnial E�ienies of Rie Farms in Thailand: A Non-Parametri Approah.� The Journal of Amerian Aademy of Business, Cambridge4, no. 1�2 (Marh).Kumar, Subodh, and Robert Russell. 2002. �Tehnologial Change, Tehnologial Cath-up and Capital Deepening: Relative Contribution to Growth and Convergene.� TheAmerian Eonomi Review 92 (3): 527�548 (June).Lan, Lawrene W., and Erwin T.J. Lin. 2002. �Measuring Tehnial and Sale E�ienyin Rail Industry: A Comparison of 85 Railways Using DEA and SFA.� Tra� andTransportation 21:75�88.Land, K.C., C.A.K Lovell, and S. Thore. 1993. �Chane�onstrained Data EnvelopmentAnalysis.� Managerial and Deision Eonomis 14:541�554.Laxton, Douglas, and Paolo Pesenti. 2003. �Monetary rules for small, open, emergingeonomies.� Journal of Monetary Eonomis 50 (5): 1109�1146 (July).Li, Susan X. 1998. �Stohasti models and variable returns to sales in data envelopmentanalysis.� European Journal of Operational Researh 104:532�548.Llewelyn, Rihard V., and Je�ery R. Williams. 1996. �Nonparametri Analysis ofTehnial, Pure Tehnial and Sale E�ienies for Food Crop Prodution in EastJava, Indonesia.� Agriultural Eonomis 15:113�126.Lokollo, Erna Maria. 2002, Deember. �Adoption and Produtivity Impats of ModernRie Tehnology in Indonesia.� Workshop on Green Revolution in Asia and its115



transferability to Afria, Tokyo, Japan, Center for Agro�soioeonomi Researhand Development, Ageny for Agriultural Researh and Development, Ministry ofAgriulture Indonesia.Löthgren, Mikael, and Magnus Tambour. 1996, January. �Alternative Approahes toEstimate Returns to Sale in DEA-Models.� Working paper series in eonomis and�nane 90, Stokholm Shool of Eonomis - The Eonomi Researh Institute.Lubik, Thomas, and Frank Shorfheide. 2003, November. �Do Central Banks Respond toExhange Rate Movements? A Strutural Investigation.� Eonomis working paperarhive 505, The Johns Hopkins University,Department of Eonomis. available athttp://ideas.repe.org/p/jhu/papers/505.html.. 2005, May. �A Bayesian Look at New Open Eonomy Maroeonomis.� Eo-nomis working paper arhive 521, The Johns Hopkins University,Department ofEonomis. available at http://ideas.repe.org/p/jhu/papers/521.html.Lubik, Thomas A. 2005, Deember. �A Simple, Strutural, and Empirial Modelof the Antipodean Transmission Mehanism.� Reserve bank of new zealand dis-ussion paper series DP2005/06, Reserve Bank of New Zealand. available athttp://ideas.repe.org/p/nzb/nzbdps/2005-06.html.Meeeusen, W., and J. van den Broek. 1977. �E�ieny estimation from Cobb�Douglas prodution Funtions with Composed Error.� International Eonomi Re-view 18:435�444.Monaelli, Tommaso. 2005. �Monetary poliy in a low pass-through environment.�Journal of Money, Credit, and Banking 37 (6): 1047�1066 (Deember).Mortimer, Dunan. 2002, September. �Competing Methods for E�ieny Measurement:A Systemati Review of Diret DEA vs SFA/DFA Comparisons.� Working paper 136,Centre for Health Program Evaluation, P.O. Box 477, West Heidelberg Vi 3081,Australia.Mundlak, Yair. 1978. �On the Pooling of Time Series and Cross Setion Data.� Eono-metria 46 (1): 69�85 (January).Musil, Karel, and Osvald Va²í£ek. 2006. �Behavior of the Czeh Eonomy: New OpenEonomy Maroeonomis DSGE Model.� Working paper 23, CVKS�E MasarykovaUniverzita. 113 p.Natalui, Fabio M., and Federio Ravenna. 2002. �The road to adopting the euro:monetary poliy and exhange rate regimes in EU andidate ountries.� International�nane disussion papers 741, Board of Governors of the Federal Reserve System(U.S.). available at http://ideas.repe.org/p/�p/fedgif/741.html.. 2003, Otober. �The Road to Adopting the Euro: Monetary Poli-ies and Exhange Rate Regimes in EU Aession Countries.� mimeo,Board of Governors of the Federal Reserve System (U.S.). available athttp://ideas.repe.org/p/�p/fedgif/741.html.Olesen, O. B. 2002, Deember. �Comparing and Combining Two Approahes for ChaneConstrained DEA.� Tehnial Report, The University of Southern Denmark.116



Olesen, O.B., and N.C. Petersen. 1995. �Chane onstrained e�ieny evaluation.�Management Siene 41:442�457.Pakpahan, Agus. 1992, Marh. �Inreasing The Sale Of Small-Farm Opera-tions: III. Indonesia.� Extension bulletins, Center for Agro-Soioeonomi Re-searh, Ageny for Agriultural Researh and Development, Bogor, Indonesia.http://www.�t.agnet.org/library/artile/eb344.html.Parikh, A., F. Ali, and M. K. Shah. 1995. �Measurement of Eonomi E�ieny inPakistan Agriulture.� Amerian Journal of Agriultural Eonomis 77:675�685.Pearson, Sott, Walter Falon, Paul Heytens, Eri Monke, and Rosamund Naylor. 1991.Rie Poliy In Indonesia. Ithaa, NY, USA: Cornell University Press.Ray, Debraj. 1998. Development Eonomis. Prineton, New Jersey, USA: PrinetonUniversity Press.Ruszzynski, A., and A. Shapiro, eds. 2003. Handbooks in Operations Researh andManagement Siene: Stohasti Programming. Volume 10. North-Holland.Sang, Kwon Oh, and Lee Hyunok. 2004. �Produtivity Improvement in Korean RieFarming: Parametri and Non�parametri Analysis.� The Australian Journal ofAgriultural and Resoure Eonomis 48 (2): 323�346.Santareu, Ana Maria. 2005, Otober. �Reation funtions in a small open eon-omy: What role for non-traded in�ation?� Reserve bank of new zealand dis-ussion paper series DP2005/04, Reserve Bank of New Zealand. available athttp://ideas.repe.org/p/nzb/nzbdps/2005-04.html.Seiford, Lawrene M., and Robert M. Thrall. 1990. �Reent Developments in DEA: TheMathematial Programming Approah to Frontier Analysis.� Journal of Eonomet-ris 46:7�38.Sha�q, Muhammad, and Tahir Rehman. 2000. �The Extent of Resoure Use Ine�ieniesin Cotton Prodution in Pakistan's Punjab: An Appliation of Data EnvelopmentAnalysis.� Agriultural Eonomis 22 (3): 321�330 (April).Simar, Léopold. 2003, August. �How to Improve the Performanes of DEA/FDH Es-timators in the Presene of Noise.� Tehnial report 0328, Institut de StatistiqueUniversité Catholique de Louvain, Belgium.Simar, Léopold, and Paul W. Wilson. 2000. �Statistial Inferene in NonparametriFrontier Models: The State of the Art.� Journal of Produtivity Analysis 13 (1):49�78 (January).Smets, Frank, and Raf Wouters. 2003. �An Estimated Dynami Stohasti GeneralEquilibriumModel of the Euro Area.� Journal of the European Eonomi Assoiation1 (5): 1123�1175. available at http://ideas.repe.org/a/tpr/jeure/v1y2003i5p1123-1175.html.Smith, Rihard J., and Rihard W. Blundell. 1986. �An Exogeneity Test for a Simulta-neous Equation Tobit Model with an Appliation to Labor Supply.� Eonometria54 (3): 679�686 (May).Spearman, C. 1904. �The Proof and Measurement of Assoiation Between Two Things.�Amerian Journal of Psyhology 15:72�101.117



Stata Corporation. 2003. Stata 8.0 Referene Manual: N-Z. Stata Statistial SoftwareRelease 8.0. College Station, Texas, USA.Timmer, C. P. 1971. �Using a Probabilisti Frontier Prodution Funtion to MeasureTehnial E�ieny.� The Journal of Politial Eonomy 79 (4): 776�794 (July�August).Tone, Kaoru. 1993. �An Epsilon-Free DEA and a New Measure of E�ieny.� JournalOf The Operations Researh Soiety Of Japan 36 (3): 167�174.Towsend, R.F., J. Kirsten, and N. Vink. 1998. �Farm size, Produtivity and Returns toSale in Agriulture Revisited: A Case Study of Wine Produers in South Afria.�Agriultural Eonomis 19:175�180.Umetsu, Chieko, Thamana Lekprihkui, and Ujjayant Chakravorty. 2003. �E�ienyand Tehnial Change in the Philipine Rie Setor: A Malmquist Total Fator Pro-dutivity Analysis.� Amerian Journal of Agriultural Eonomis 85 (4): 943�963(November).�ev£ovi£, Daniel, Margaréta Haliká, and Pavol Brunovský. 2001. �DEA analysis fora large strutured bank branh network.� Central European Journal of OperationsResearh 9 (4): 329�343.Wadud, Abdul. 2002, July. �A omparison of Methods for E�ieny Measurement forFarms in Bangladesh.� Asia Conferene on E�ieny and Produtivity Growth.Wadud, Abdul, and Ben White. 2000a. �Farm household e�ieny in Bangladesh: aomparison of stohasti frontier and DEA methods.� Applied Eonomis 32 (13):1665�1673 (Otober).Wadud, Md Abdul, and Ben White. 2000b. �Farm Household E�ieny in Bangladesh:a Comparison of Stohasti Frontier and DEA Methods.� Applied Eonomis 32(13): 1665 � 1673 (Otober).Walden, John B., and James E. Kirkley. 2000, Otober. �Measuring Tehnial E�ienyand Capaity in Fisheries by Data Envelopment Analysis Using the General Alge-brai Modelling System (GAMS): A Workbook.� report, National Marine FisheriesServie, Woods Hole, Massahusetts.Walsh, Carl E. 2003, May. Monetary Theory and Poliy : Seond Edition. The MITPress.Wooldridge, Je�rey M. 2002. Eonometri Analysis of Cross Setion and Panel Data.Cambridge, Massahusetts, USA: The MIT Press.Zhu, Joe, and Zhao-Han Shen. 1995. �Theory and Methodology: A Disussion ofTesting DMUs' Returns to Sale.� European Journal of Operational Researh 81 (3):590�596.
118


