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A model of tehnology transfer under taxationN.J. Mihelaakis�University of Piraeus, Eonomis Department, 80 Karaoli & Dimitriou Strs., 18534, GreeeSeptember 14, 2014AbstratIn this paper, we onstrut a model to study the tehnology transfer deisionof a monopolist, with aess to a �nite number of tehnologies, under taxation.It is shown that a poliy maker in a low-wage developing ountry annot al-ways inrease the number of tehnologies transferred from a developed ountrythrough a tax on wages-and-invest sheme. We provide onditions for suh anintervention to be suessful and show that there is no unique hoie of tax fordoing so.Keywords: tehnology transfer, multinational, tax, modelJEL Classi�ation: D42; H21; O331 IntrodutionIn reent years international tehnology transfer has been a prominent topi in theliterature on international trade and eonomi development. It is widely reognisedthat tehnology is traditionally reated in developed ountries only to be graduallytransferred to less developed ountries as it beomes obsolete. These onsiderationslead to the \produt yles" introdued by Vernon, [Vernon 1966℄, and further studiedby Krugman, [Krugman 1979℄.Dynami models of tehnology di�usion, see for example [Findlay 1978℄, havealso been used to explain the transfer of tehnology from a developed ountry (DC)to a less developed ountry (LDC) and to understand the role played by foreign diretinvestment in fostering these transfers. Related to this is the quest for the \right"poliy measures to enourage multinational orporations to transfer more tehnol-ogy to aÆliates in less developed ountries inreasing the potential for spillovers. A�e-mail address: njm�unipi.gr (tel.: +30 2104142289)1



omplementary line of researh has foused on how government taxation of royaltiespaid by the aÆliates to parent ompanies inuenes loal R&D and the transfer oftehnology, [Hines 1995℄.In this paper, we attempt to address the question of whether a tax on wages-and-invest sheme an a�et the proess of tehnology transfer from the so alled developedNorth to the developing South. We onstrut a simple partial equilibriummodel wherea monopolist, namely a multinational �rm, has aess to a �nite number of di�erenttehnologies for produing a spei� good. A simpler form of the model, has appearedin [Marjit 1988℄. It is initially shown that the implementation of suh a sheme ina losed eonomy a�ets the magnitude, not the order, of the osts assoiated witheah tehnology employed in the prodution of the good. In partiular, the appliationof a tax on wages-and-invest sheme splits the tehnologies into two groups, one ofwhih may perfetly be empty. The �rst group is omposed of those tehnologiesthat draw bene�t from the applied sheme beoming more eÆient while the seondis omposed of those tehnologies that, following a state intervention, are left worseo�, i.e. with prodution osts revised upwards, Theorem 2.5. Further analysis ofour model adjusted for the ase of the DC-LDC bipolar yields results that aept adual interpretation. Read from the point of view of the developing South, they mayspell out a poliy to promote the tehnology transfer from the North. Read from thepoint of view of the developed North, they may ditate a protetionist poliy againsttehnology transfers. The alloation of tehnologies aross the world is motivatedby pro�t maximization and it is shown that the less advaned tehnologies are morelikely to get transferred �rst. It is also shown that often a tax on wages-and-investpoliy annot by itself tilt the alloation of tehnologies aross the world. Conditionsare given on when this may happen, Theorem 2.11.The remaining of the paper is organized as follows. In Setion 2 we introduethe model and derive all the results. In Setion 3, we explain further the results ofSetion 2 through a omparative statis disussion. In Setion 4, we onlude.2 The modelA monopolist in a developed ountry (DC) has aess to n di�erent tehnologiesordered by their eÆieny oeÆient ai as follows0 < a1 < a2 < � � � < an :The labour requirement ai(x) to produe x units of the produt using i tehnology istherefore proportional to ai while the respetive ost of prodution Ci(x) is given byCi(x) = Wai(x)x = Waix2 with ai(x) = aix ; i 2 f1; : : : ; ng ;whereW > 0 is the wage rate of DC, assumed uniform for all tehnologies i. It followsimmediately from our assumptions thata1(x) < a2(x) < � � � < an(x)2



and C1(x) < C2(x) < � � � < Cn(x) :Let us, now, introdue a uniform tax T levied exlusively on the wage rateW to be used by the state as a publi poliy instrument via an investment funtionf : R+ ! [0; a1), again uniform for all tehnologies. It is understood that this funtionis an inherent harateristi of the administration of DC. Following the introdutionof the tax T and the implementation of the return bene�t f(T ), the rank of thetehnologies remain unhanged0 < a1 � f(T ) < a2 � f(T ) < � � � < an � f(T ) ;while the new prodution ost is set toC(T; f)i(x) = (W + T ) (ai � f(T ))x2 = Waix2 + (Tai �Wf(T )� Tf(T ))x2 ; 8i :A tehnology, i, bene�ts from the introdution of the levy T and the subsequent stateintervention if and only if C(T; f)i(x) < Ci(x) ;i.e. if and only ifWaix2 + (Tai �Wf(T )� Tf(T ))x2 < Waix2 ,Tai �Wf(T )� Tf(T ) < 0 :(2.0.0)Let us all the implementation of the levy T on the wage rate along with a uniformbene�t on the labour requirement f(T ) a (T; f) state intervention. Rearranging (2.0.0)and taking into aount the de�nition of f , we getLemma 2.1 In a losed eonomy, the tehnologies, i, that bene�t from a (T; f) stateintervention are preisely those for whihTaiW + T < f(T ) < a1 :(2.1.0)Given a state intervention (T; f), the monopolist's pro�t funtion is given byP (T; f)(x1; : : : ; xn) = p(x1 + � � �+ xn)� nXi=1C(T; f)i(xi) ;where p is the prie of the produt. One dedues that in the extrapolated ase ofa single tehnology, ai = a for all i, the introdution of a small tax T of order0 < T <W=a�1 inreases the pro�t of the monopolist provided f is suh that Ta=W+T <f(T ) < a. Generally, 3



Proposition 2.2 In a losed eonomy with n � 2, for0 < T < Wana1 � 1 and TanW + T < f(T ) < a1 ;a (T,f) state intervention lowers the prodution ost of all tehnologies inreasing thepro�t of the monopolist.PROOF. The �rst double inequality is neessary for the seond to be true beauseT < Wana1 � 1 = Wa1an � a1 , Tan � Ta1 < Wa1 , TanT +W < a1 :Notie that a1 < a2 < � � � < an , Ta1T +W < Ta2T +W < � � � < TanT +W ;therefore TanW + T < f(T ) ) TaiW + T < f(T ) , Tai �Wf(T )� Tf(T ) < 0for all i and the result follows from (2.0.0).Remark 2.3 We observe that the result in Proposition 2.2 was proved under no as-sumptions on f other than it be a funtion.From now on, we require that the investment funtion f be twie di�erentiable on[0;1), stritly inreasing, stritly onave, i.e. f 00 < 0, and suh that f(0) = 0.De�nition 2.4 We de�ne if 2 f0; 1; : : : ; ng to be the biggest index suh that aif �f 0(0)W . We let if � 0 if and only if f 0(0)W < ai for all i 2 f1; : : : ; ng.Theorem 2.5 Let if be as in De�nition 2.4 with if 6= 0. Then, there is a Tif > 0,suh that for all T 2 (0;Tif ) the implementation of a (T; f) state intervention lowersthe prodution ost for all tehnologies i, with 1 � i � if .Conversely, if there is a T > 0, suh that for all T 2 (0;T ) the implementationof a (T; f) state intervention lowers the prodution ost of all tehnologies i, with1 � i � if then, ai < f 0(0)W; 1 � i < if .PROOF. Applying De l'Hôpital's theorem, we getlimT!0+ f(T )TaifW+T = limT!0+ f 0(T )aif (W+T )�Taif(W+T )2 = limT!0+ f 0(T )Waif (W + T )2 = f 0(0)aif W > 1 :4



This means that there is an open interval, (0;Tif ), suh thatf(T )TaifW+T > 1 , TaifW + T < f(T ) ;8T 2 (0;Tif ) :Lemma 2.1 ompletes the proof.To prove the onverse, the fat that a state intervention (T; f) lowers the unit pro-dution ost of tehnology if means thatWaif > (W + T )(aif � f(T )) , (W + T )f(T ) > Taif , f(T )TaifT+W > 1; 8T 2 (0;T ) :Therefore, f 0(0)aif W = limT!0+ f 0(T )aif (W+T )�Taif(W+T )2 = limT!0+ f(T )TaifW+T � 1 :To omplete the proof we observe thatai < aif � f 0(0)W ; 81 � i < if :Proposition 2.6 Let if be as in De�nition 2.4 with if 6= 0. Then, there is an openinterval (0;T ), suh that for all i; 1 � i < if , the bene�tbi(T ) :=Wai � (W + T )(ai � f(T )) = Wf(T )� Tai + Tf(T )obtained by a state intervention (T; f) is an inreasing funtion of the levy T 2 (0;T ).Similarly, the inrease of the prodution ost for all if < i � n is again an inreasingfuntion of the levy T 2 (0;T ) for the same T .PROOF. Let 1 � i � if . Taking the derivative of bi(T ), we observe thatb0i(T ) = Wf 0(T )� ai + f(T ) + Tf 0(T ) > 0provided Wf 0(T )� ai > 0whih holds true in (0;Ti), for some Ti > 0, sine f 0 is ontinuous by assumption andai < Wf 0(0). For eah i > if the result follows by a similar to the above argumenttogether with the fat that from the de�nition of ifWf 0(T )� ai < 0 ;8i > if :To omplete the proof, we take T = minfTig1�i�n.Up until this point we have been disussing the situation of a losed eonomy. We,now, assume that the monopolist an transfer part of his prodution abroad, usuallyto a less developed ountry (LDC) so that he an pro�t from the lower wage rate that5



omes along. In onsisteny with [Marjit 1988℄, we denote all indees haraterizingthe eonomy of the LDC by an upper left star (*). Thus, in general, we expetthe wage rate W � < W while we assume the orresponding labour requirement, a�i ,uniformly inreased throughout the tehnology spetrum, i.e. a�i = ai + t; t > 0. We,further, look at the natural question a poliy maker in the LDC is faed with whethera state intervention (T �; f�) ould prove helpful in promoting a tehnology transferfrom the DC to the LDC. The LDC investment funtion f� : [0;1)! [0; t) is againtwie di�erentiable, stritly inreasing, stritly onave, i.e.(f�)00 < 0, and f�(0) = 0.Proposition 2.7 The i-th tehnology will be transferred following a state intervention(T �; f�) with T � > 0, if and only ifDi(T �) := f�(T �)� T �(ai + t)W � + T � > W �(ai + t)�WaiW � + T � =: Qi(T �) :(2.7.0)PROOF. By the hypothesis of the theorem we getDi(T �) := f�(T �)� T �(ai + t)W � + T � > W �(ai + t)�WaiW � + T � :Equivalently f�(T �) > W �(ai + t)�WaiW � + T � + T �(ai + t)W � + T � ;i.e., f�(T �)(W � + T �) > W �(ai + t)�Wai + T �(ai + t)f�(T �)(W � + T �) > (W � + T �)(ai + t)�WaiWai > (W � + T �)(ai + t)� f�(T �)(W � + T �)Wai > (W � + T �)(ai + t� f�(T �)) ;whih ompletes the proof.Lemma 2.8 If the i-th tehnology is transferred under a (T �; f�) state interventionthen so do all less eÆient tehnologies.PROOF. The fat that the i-th tehnology is transfered is equivalent toWai > (W � + T �)(ai + t� f�(T �)) , WW � + T � > ai + t� f�(T �)ai :By assumption f�(T �) < t, so for j > i,(aj � ai)(t� f�(T �)) > 0 , ai + t� f�(T �)ai > aj + t� f�(T �)aj6



thus,WW � + T � > ai + t� f�(T �)ai > aj + t� f�(T �)aj ) Waj > (W �+T �)(aj+t�f�(T �))and the j-th tehnology is transferred as well.De�nition 2.9 Let s 2 f0; 1; : : : ; ng denote the smallest index suh thatWW � > as + tas :We set s � n + 1 if and only if s =2 f1; : : : ; ng.Corollary 2.10 (Marjit 1988) Let s be as in De�nition 2.9. Without state inter-vention, all tehnologies i with s � i � n will be transferred abroad.PROOF. If there is no state intervention, i.e. if T � = 0, then, Di(T �) = 0 for all i, inpartiular, Ds(T �) = 0 andWW � > as + tas , Ds(T �) = 0 > W �(as + t)�WasW � :The result follows from a ombination of Proposition 2.7 and Lemma 2.8.Let if� as in De�nition 2.4 for the LDC and s as in De�nition 2.9. De�neRi(T �) := Di(T �)�Qi(T �) ; i 2 f1; : : : ; ng :Beause of Theorem 2.5, applied on the LDC, there is a T � > 0 so that Di(T �) > 0 forall T � 2 (0;T �) and all i 2 f1; : : : ; if�g. The ontinuity of Ri : (0;T �) ! R impliesthat R�1i [(0;1)℄ is an open subinterval of (0;T �). De�ne r 2 f0; 1; : : : ; ng by(0;T �) \R�1r [(0;1)℄ 6= ; while (0;T �) \ R�1i [(0;1)℄ = ; i 2 f1; : : : ; r � 1g :If if� = 0, or if Ri takes non-positive values for all i 2 f1; : : : ; ng then, we de�ner � n + 1.Theorem 2.11 Given f� let s; if� and r be de�ned as above.(i) If if� + 1 < s then, no tax an inrease the number of tehnologies to be trans-ferred.(ii) If s < if� +1 then, r � s and there is an open subinterval U � (0;T �) suh thatthe implementation of any intervention (T �; f�); T � 2 U results in the transferof all tehnologies with i � r.(iii) If s = if� + 1 then, either there exists r < s and (ii) holds true or else (i) holdstrue. 7



PROOF. For the �rst part of the theorem, notie that by the de�nition of if� andTheorem 2.5 applied on the LDC we get Ds�1(T �) < 0 for all T � > 0. On the otherhand, the de�nition of s ensures that W �(as�1+ t)�Was�1 > 0 rendering impossibleinequality (2.7.0) and therefore, by Proposition 2.7, the (s � 1)-tehnology does notget transferred, nor does any more eÆient tehnology beause of Lemma 2.8.To prove (ii), notie that for s � i < if� + 1 there is a T � > 0 so that Di(T �) > 0 >Qi(T �), i.e. Ri(T �) > 0 and therefore r � s. We may take U = (0;T �) \R�1r [(0;1)℄and the result follows from the de�nition of r, the ontinuity of Rr, Proposition 2.7and Lemma 2.8.For the third part of the theorem, if r � s the proof follows the lines of part (ii).Otherwise, Corollary 2.10 applies ompleting the proof.Corollary 2.12 Let s � if� + 1. If there is k < s suh thatDif� (T �) > W �(ak + t)�WakW � :(2.12.0)for some T �, all less eÆient tehnologies, inluding k, get transferred.PROOF. Inequality (2.12.0) impliesDif� (T �) = f�(T �)� T �(aif� + t)W � + T � > W �(ak + t)�WakW � > W �(ak + t)�WakW � + T �whih together with k � if� implies thatf�(T �) > W �(ak + t)�WakW � + T � + T �(aif� + t)W � + T � � W �(ak + t)�WakW � + T � + T �(ak + t)W � + T � :and the result follows from Proposition 2.7 and Lemma 2.8.3 DisussionIn this setion, we shall analyse further the results in Setion 2 in order to reveal theeonomi meaning hidden under the mathematial guise of Proposition 2.2, Theorem2.5, Proposition 2.6 and Theorem 2.11.First, we make some omments on the publi investment funtion f : R+ ![0; a1). It is natural to assume that without taxation there is nothing the state aninvest, i.e. f(0) = 0. Moreover, f has to be an inreasing funtion, albeit at adereasing rate, in a fashion similar to a utility funtion. The assumption on therange of f is a diret outome of the fat that whatever gain a state interventionan o�er to the prodution of a produt this annot exeed the labour requirementof the most eÆient tehnology. It implies though that the asymptoti behaviour off as well as its urvature, in fat f itself is produt-spei�. This is, however, not asurprise as the impat of state intervention is not the same for all produts.8



Proposition 2.2 says that, under onditions, in a losed eonomy, a monopolistmay atually inrease his pro�t through a publi investment sheme. The tehnolo-gies bene�ted from the implementation of suh a sheme are those that are moreeÆient. Aording to Lemma 2.1, for a spei� produt, if all parameters of theeonomy inluding the state intervention (T; f) are kept �xed bene�t will result forthose tehnologies for whih the labour requirement is suÆiently small so that (2.1.0)holds true. On the other hand, given the eÆieny oeÆients ai's of the di�erenttehnologies, the lower the monopolist's ontribution as a perentage of total wage isthe greater the number of tehnologies bene�ted by a �xed state intervention (T; f).This happens more frequently in developed ountries as it is traditionally these oun-tries that exhibit higher wage rates. Theorem 2.5 provides a neessary and suÆientondition for suh taxes to exist in a onvex neighbourhood of 0. The tehnologiesbene�ted do not depend on the magnitude of the tax T . They only depend on theorder relation of the wage rate and the marginal publi investment at 0, i.e. on thewage rate and the geometry of f at 0. However, if a state intervention has resultedin bene�t for a spei� tehnology, the atual bene�t is an inreasing funtion ofT 2 (0;T ), for some T > 0 ommon for all bene�ted tehnologies, Proposition 2.6.Theorem 2.11 an have both a forward and a bakward reading. As it stands,it provides a suÆient ondition for a tehnology to be transferred under a stateintervention (T �; f�). Without a state intervention the tehnologies are split into twogroups aording to the sign of the di�ereneW �(ai+ t)�Wai, Corollary 2.10. If theharateristis of the eonomy in the LDC are suh that a publi investment shemean improve the prodution ost of the �rst if� tehnologies with if� < s� 1 then, nostate intervention an alter the balane of the tehnologies transferred. If, however,s� 1 � if� then, publi investment ould be bene�ial for the less developed ountryin the sense that it ould inrease the number of tehnologies transferred from a DC.Corollary 2.12 o�ers a suÆient target for a poliy maker should he wish to intervenesine the right-hand side of inequality (2.12.0) is independent of T �.4 Conluding remarksIn this paper, we have onstruted a rather simple model to address the produtiondeision of a monopolist under taxation. We have knowingly put aside a number offators suh as asymmetry of demand between north and south, transfer osts et. tobetter fous on the main question whih is whether and how a state intervention bymeans of taxation an a�et the deision proess of a multinational.Theorem 2.5 measures the e�etiveness of a state intervention through a tax onwages on the prodution of a spei� good. The main Theorem 2.11 says that suhan intervention is in many ases fruitless, Theorem 2.11 (i), lending support to thosewho fervently oppose all taxes. Theorem 2.11 (ii) provides onditions for a suessfulintervention to exist. It, further, says that if a single tax value an tilt the equilibriumthen so do all values of T � in a bounded, open interval of R+.9
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