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Abstract

Money laundering or dirty money laundering referatprocess which attempts to demonstrate as tlegaource
of money obtained through illegal or illegitimatetimities. Inflation and recession are among undable

consequences of money laundering and will eventldld to spread of poverty in society. Therefoeeent years
have witnessed a great tendency towards the assesshthis phenomenon and the application of obffie

methods to estimate its quantity and volume alal®gsither similar variables in the socio-economiotert. The

aim of this article is to explain the ways of madglof economic relations in addition to introdugia new method
for assessment of the quantity of dirty money basedchathematical methods, without any particul@spmption.

This is while other methods, due to their natumeyeha variety of different premises and this hateéu created
many problems, including the likelihood of havirggmarkable errors. The present study applies a cwtibn of

Bhatta charya method and arithmetic methods whiehbased on Tikhonov’s regularization strategy emverse

problem in order to introduce a new equation faeasment of the quantity of dirty money.

Keywords. Corruption, Poverty, Money Laundering, Tikhonov Rlegization Strategy, Inverse Problem

1. Introduction

Corruption encompasses a wide and multi-dimensiaoalcept in such a way that a phenomenon might be
regarded as corruption in one society while beisga@al norm in another (De Saran, 1999). People lkiiferent
viewpoints towards the corruption which is takirigqe in different economic sectors. For instaneapbe usually
believe that corruption in judicial systems and rtwuis of more significance than financial corropti
(Transparency International, 2002). The occurreoCeorruption as an undesirable social phenomeras a
variety of different social and economic motivesieDto the importance of the issue of corruptiordiiiferent
countries, extensive studies have been conductedhis issue in order to identify and analyzecasises. It should
be reiterated that economic factors are the fundsahéactors for all social structures and theyé&aignificant
effects on individual and group activities with aed to corruption. Reduction of bureaucracy as aglincrease in
transparency should be regarded as the main elsnoénd successful economic approach, which is &ke
corruption (Jain, 2001; Martinez-Vazquez, and McNaB03). However, corruption has many definitions.
According to Chugh and Uppal (1986), different eesbers consider different terminologies basedheir town
objectives. However, the present study puts thenraaiphasis on financial corruption and thus itésassary to
provide a definition of financial corruption and different forms in order to establish an exaalaratanding of
this type of corruption.

2. The Concept of Corruption

Financial corruption is a phenomenon that is uguak result of mutual interaction between the goneent and
market economy. In addition, financial corrupti@s, defined by the World Bank, Transparency Intéonat and
other related organizations is the exploitationpablic power in order to obtain private interestgofld Bank,
2004). On this basis, different forms of financt@rruption can be enumerated as follows: bribe larilery,
embezzlement, cronyism, hush money, blackmail, etc.

Lho, K. and Cabuay, J. (2005) regard financial wption as the profit-seeking measures taken bytigial,
businessmen, and governmental employees who mthesegovernmental or private positions illegal§ome
officials might even been appointed to positionsdah on different forms of corruption such as bgber
embezzlement, blackmailing or cronyism (Amunds€@@. In general, financial corruption occurs oae ihcome
part or expenditure part of budget or in such gfiaaincial transactions that are not related todetidas in
enactment of rules and regulations (Martinez arfj\Maz et al, 2004).

However, the significance of conducting studiesfimancial corruption is due to the fact that in diemping
countries, unlike Western countries, this not gofyenomenon has not led to fake economic boom, &sitalso
resulted in destruction of added value as manyuywik job opportunities are either lost or thevgito of which
are stopped, disturbing the process of distributbrincome. As the result of the recession of potidn, the
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governmental tax income will be deprived of the essary growth that is in accordance with the pa@kitdx
capability of GDP and this will eventually pose Ipiems to fair distribution of facilities by goveremt due to
limitations in resources. The improper performanté¢his group of chain-like and disturbing factavdl reduce
the public purchasing power. On the other handjrtfiation resulting from the financial flow of gds trafficking
will be imposed on the fixed income of people, ulibing the balance between family income and exjpered
This is due to the fact that the overall increaserices will leave different impacts on the prizegoods and
services. In other words, the price of all goodd aervices will not increase equally. Inflation nigicauses an
increase in the price of basic goods and serviebgh allocate a major part of the expendituresoin-income
families and thus have a more prominent role inrtpattern of consumption. Therefore, it can beestahat
inflation will more negatively affect low-incomerfalies compared with others, and will close thenpowerty line
(Blank and Blinder, 1986; Blank, 1993; Powers, 199us, the number of those living below the ptyédine
will grow day by day. Hence, this issue is of gremnificance for developing countries as all thedapes and
dreams are to achieve development. Consequentlgngrterm development plans, the fight against thipe of
corruption is always highlighted, as there is aereg correlation between the level of developmedt lavel of
corruption (Kaufmann et al., 2009). As Frisch (1pStates, financial corruption will destroy deveilmnt because
people’s motivation for honest effort and constineejobs will be reduced. In addition, reductionaafrruption is
regarded as one of the indices of good governaKeeffhan and Kraay, 2002). In fact, the annual repof
Transparency International (2011) indicate thadricial corruption can be found in all countriesoadér the world.
Different studies conducted by different researstaso confirm this issue. For instance, Schne#et Enste
studied 69 countries and concluded that undergraomhomy is growing in the world. This growth ipoeted
both relatively and absolutely (per GNP) (Schneidied Enste, 1999). In another study, Schneidet. §2@10)
assessed the shadow economy as a percentage ofa@DReached the same conclusion. For this isseg, th
gathered the data belonging to 136 developed awelaEng countries during 1999-2007 and concluded the
most important consequence of issue is the peopi&srust to government. It also seriously threatsncial
moralities (Heymans and Lipietz, 1999).

The corruption perception index, which is being l@lied by Transparency International, measuresuption by

using reliable international world reports and dioemaires which are conducted by 9 internationatiiutions. It

gives a sore of 0 to 10 to different countries. Sberes below 5 indicate the minimum transpareficgnsparency
International, 2010). As it was stated earlierafinial corruption can be found all over the woillllis has resulted
in conducting a bulk of studies in different couggrand different theories are accordingly propdsediifferent

scholars of the field, among which the followingsde considered:

e The results of the study by Pillay (2004) in SoAfhica indicate that financial corruption has sptess
the result of organizational weakness.

» Koontz et al. (1997) believe that moralities are thain obstacle against corruption.

* Racial Theory: the countries divided based on ettynor race show greater tendency towards corouapti
(Mauro, 1995).

* Theory of Rare Resources: Based on this theoryuption is in correlation with access to rare reses.
If a government has power over such resources, ¢hemption will be in correlation with the size of
government’s activities (Rose-Ackerman, 1999). Tiatural resources which are exclusively under the
control of certain groups provide conditions in @fhithe owners do not feel obliged to act upon thesr
(La Porta et al., 1999).

e Theory of Democracy: There is a reverse correlabetween democracy and corruption (Hill, 2003;
Bohara et al., 2004).

In general, financial corruption is rooted in thetidties of government, particularly in its excius power,
influence and authorities. According to Gary Bediéd74), in case government is ousted, financiaiugion will

be eliminated as well. In addition, Rajeev and biel61998) state that the size of government hactimpact on
corruption in such a way that with the increasgdmernment size, corruption will increase as well.

In recent years, the size of underground sectaliffarent economies has been investigated in mdiffestudies.
There is an obvious mutual relationship betweearfamal corruption and underground economic acésitin fact,
any illegal economic activity requires some adntiaisve and executive actions as well as politegbport that
can only be provided through illegal measures dmdugh corrupt relations. Therefore, one couldnclahat
underground economic activities will lead to fineaorruption. De Soto (1989) has investigated thsue for a
number of institutions and has proved that the sfaenderground economy is bigger in poorer natienscluding
that illegal institutions have to pay a large pmmtof their gross income as bribe to legal indtitut

Some scholars suppose that the cumbersome rulesegnthtions in government sector are the resularof
intentional strategy by administration to incre#ise tendency of clients for paying bribes. MyrdB®§8), Tanzi
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(1998), Rose-Ackerman (1978), and Kaufmann et 2006) believe that if something cannot be measuned,
decision with regard to its improvement or enhareetmwould be possible. Therefore, the assumptia@t th
corruption is not measurable is wrong. With regardhe significance of measuring corruption, Feig@90) and
Feinstein (1999) state that considering this isisuan undeniable necessity in the process of rétogrand
policy-making.

3. Corruption M easurement M ethods

The methods of corruption measurement and assessmeedivided into micro- and macro- methods withard
to the type of approach and are divided into dieeat indirect methods with regard to the meanbécting data
(Frey and Weck-Hanneman, 1983). Direct methodslasigned based on direct referring, using questioes, or
sampling, such as surveying the points of view peacdspectives of corporations, governmental offgigleople,
experts, foreign observers, and private sectoritlas numerous problems.

The following disadvantages are proposed for thevesu method: surveys include people’s opinions é&bou
corruption, and do not assess the corruption itSdime people may not have enough knowledge arydntiasy
only state the common opinion in the society. Sisoeh indices are based on mentality, they areéntted by
social streams. Thus, the type of reports thapal#ished in the media about corruption at the tahthe survey,
affects people’s mentality about corruption. Initidd, publishing the results of these reportshia hext stages of
the study might encourage people to base theiiapion the results gained in the previous peri@tsne of the
most significant indices that are being preparedi @gresented using this method are the result ofjimgithe data
of other surveys and researches. For instanceattigption perception index, which is publishedTognsparency
International, is the result of merging and staddation of the data of different surveys. Scholaetieve that
these types of measurement overrate the opinioashaéors and businessmen and are initially cregtguovide
some data to help this group. Publishing such eslitas also led to objections by some countrieanasuncing
the high rate of corruption in one country will eéff the amount of investment and risk of investnianthat
country. Moreover, most surveys have only consididmbery. However, corruption in governmental caots,
corruption in foreign trades, corruption througlortyism, and the like are not equal to bribery. didigon, the
emphasis has always been placed on macro-corryatiohdifferent kinds of minor corruptions have témored.
On the other hand, organized corruption is notirtsiished from unorganized corruption. Another rodthis
counting the appeals, although it has many prohl&msinstance, the referral to police for lodgagpeals against
the agents of corruption depends on many factorsngnwhich the level of corruption in the societyndae
mentioned. The number of appeals depends on psofplest to the police, their belief in the serioesn of the
fight against corruption, the spread of corruptioenefits of reporting the corruption compared wiith benefits of
enjoying the advantages associated with corru@®well as the observation of people’s rights dair tpolitical
freedom in the society. The results of differenestigations indicate that the possibility of retpay corruption in
countries with highest level of corruption is leékan the others in such a way that the most caetlpbuntries
have the least number of corruption reports.

However, due to the secret nature of corruptioerehare certain difficulties associated with it.efdfore,
corruption assessment has to be done using indirettiods. In indirect method, both the micro-apphoahich
investigates corruption at the organization’s lelvabed on their institutional features, and the rovapproach
which is based on the ideas, in spite of the faat secret activities cannot be observed, the fa@rplaining the
process of changes in this phenomenon as wels affé@cts on different areas are not necessailgdn, and thus
can be observed. This approach attempts to reth@wobservations related to the causes and effécisrruption
in order to discover its size and process. Sucthoust can be divided into three generic categodasse-based
methods, effect-based methods, and cause and-béfsetl methods. The cause-based methods can Bedlinto
cause tracing (approximate modeling) and Fuzzy. él@n certain criticisms have been leveled agairese two
methods. In the cause tracing method, optionalc8efe of parameters and rank-based results areizei.
However, in the application of Fuzzy logic, whictasvfirst used by Draeseke and Glies, the data hidtdé¢he
variables which reflect the black economy are ne¢duand this is an important shortcoming, leadmndjttie
application of this method.

The effect-based methods are based on the notdrcdinruption will leave certain observable effedtsis method
has been more used compared with the other methaigh a way that it has wider categories, amohigiwthe
followings can be mentioned: virtual variable mettocorrelation of cash in fiscal transactionsuuw of large
bills in flow, discrepancy in national accounts,bfici expenditure tracking, discrepancy betweenhardtic
statistics and national income, discrepancy betwaerily income and expenditure, discrepancy inistias of
foreign trade, controlled detection, tax audit, §ibgl institutions and statistics of manpower.

Each of these issues have been investigated isttithes by Thomas (1999), Feige (1989), Porter Bager
(1989), McDonald (1985), Schneider and Enste (2@80)ell as Tenzi (1999).
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Pillownight cites the four-categories stated by liee¢lolmes: Perception-Based Approach, Experienased
Approach ,Tracking Approach, and Legal Statistics.

Hungarian Gallup Institute, which conducts periodarruption assessments in different countries merates
three methods: measuring target groups and indiVgliyperception on the spread of corruption, mdagur
behavioral indices of emergence of corruption, ssiag the viewpoints of experts about the levebmfead of
corruption. It seems that the methods of measworguption are placed in this category, althougtréhare some
differences in certain details (Treisman, 2006 niké@ & Svensson, 2006).

The most prominent and tangible form of financialraption are bribery and embezzlement, which wgwannot
be identified directly as they happen secretly #mde who pay or receive the bribe are not wiltmglisclose it.

However, there has been a high tendency to medbkiggohenomenon in recent years and there has &een
attempt to use different methods to assess thetipuand volume of financial corruption along witther similar
variables in the socio-economic context. Some stieve used indirect methods that are mainly basethe
assessment of opinions and perceptions of peopleeaperts. However, this article aims at explainthg
modeling of economic relationships as well as ii@ng a new algorithm for assessment of finanooatuption

in Iran that is totally based on mathematical téghes and is free of any particular premise. Thisvhile other
methods, due to their very nature, enjoy a vamétgifferent premises and this has indeed creataadynproblems,
including the likelihood of having momentous errors

Thomas (1992) believes that in experimental studiesuption generally refers to all activities titae for any
reason not included in national accounts. In supplgary studies, different terminologies are usedefine this
type of economy, including: black (Pyle, 1989), ergtound (Tanzi, 1982), unobserved or invisibleideg1981),
hidden (Giles, 1998), nonmarket (Raw, 1993), Shafoassell, 1984), irregular (Feige, 1979), inforfidhomas,
1985), illegal (Lacko, 1992), second (Contini, 198recorded or unreported (Feige and Magee, 1%8®) so
forth. Due to the opinion of the researchers awd flocus on certain features of the economy, teamng of each
of these terms has been unusual. In addition,ttities conducted by certain researchers includiagrfSs (2006),
Marcel Thum et al. (2004), Johnson (1998), Rau@91), and Tanzi indicate a positive correlationnesn the
volume of black economy as well as undergrounditiets with financial corruption and money launaheri

4. Definition of a money laundering

In his article titled “Private Banking and Moneyuralering”, Carl Levin writes: “money laundering ocs when
criminals try to present the incomes gained froimicral activities as legal income” (Levin, 1999)cdording to
this definition, it can be noted that money laumalgrs a series of operations taken place to pdetieat some illicit
or illegal incomes are gained from legitimate ogdke sources, However their origin is smuggling,bbry,
extortion, kidnapping, fraud, forged invoices ire tbommercial sector, corruption, embezzlement aitgbty in
government organizations, financial fraud, wealtd &ncome achieved from tax evasion, Internet frand other
data tools and to-be-confiscated wealth.

Accordingly, the European Community investigatednmp demands in five countries of Bolivia, Colombia,
Ecuador, Peru and Venezuela from 1989 to 1999 gbt fmoney laundering. To do so, two approaches of
Bhattacharya (1990) and A. M. Khalid (1999) weredis

In his own paper, Schneider (2002) studied the siz#he black economy in Italy, France, Germany Bnitin,
and concluded that financial flows of criminal taist organizations by government officials are th&in cause of
the growth of underground economy in these couwnttie this article, the author measured the dynamittiple
causes of black economy in the four countries usingjiple variables method.

In an article titled “Major Economic Effects of Mey Laundering”, and according to Bhattacharya agygt
Quirk has considered the data on various typesiofes, the recommendations of the FATF to ninetaduastrial
countries on money demand function as a substitwmémiable to the illegal income, and investigatesl effects of
these criminal activities on monetary behaviohiese countries.

Quirk’s method (1996) has also been used in thislarto identify the volume of dirty money and th#ect of
informal activities on money demand. Based on Bichtirya strategy (1990), Quirk studies the effettdlegal
activities on monetary behavior in the nineteerugidal countries. Bhattacharya divided money dedeanto two
parts of money demand of formal sector and moneyathel of informal sector of economy:

MtzM Rt+M URt (1)

Where M, is the total money demand in the timellt, and Mz, are respectively formal and informal money
demands. Based on the theory of money demand, fonoraey demand equation is as follows:

M R, = aloyg Riz p'fa d®u ( 3
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Where yg, is the formal income, E; is the rate ofshortterminteresk, is the retail price
index, and demand money of informal economy iHgvs:
Mg, =Y 0+ (3)

Where, 155, is an estimation of informal economy.

Considering the fact that none of the above funetican be calculated separately, and estimatintptabdemand
function indirectly, he measured the value of infat economy.

Inspired by Bhattacharya, Quirk considers moneyrection of formal GDP, price, interest rate andoime from
illegal activities of y;z, and estimated money demand function in ninetedusinial countries and explained the
effects of illegal income on money demand.

5. Model Introduction
The model used in the study is as follows:

LM =a+bly, +CR +dLEXR +LM, +€, = LMq (Yyr) =LM -a-bLy,cR, -dLEXR -¢, (4)
Where all variables are functions 8f(cpi)
Then:
LM yr (Y ur )=Z-€, (5)
Where
Z,=LM -a-bLy,-cR, -dLEXR, (

The value ofyygshould be obtained so that the valuezpfwould be inclined towards zero. Equation (5) is
mathematically a linear inverse problem (Kirsct99@)). A classic proposal to minimize the probles) is the
least squares method where the functidfy;g) will be minimized to yyg (Chiarella, Craddock and
EL-Hassan, (2007):

G(Yur ):_[ Z (LM UR, (Y yr)-Z ) °dP, (7

Unfortunately, market data are not accessible dmot@obtain the unique value af;gy from equation
(7). Therefore, determination of;gthrough this method is a ill-posed problem. On dkiger hand, as mentioned
above, it is an inverse problem and inverse problara often ill-posed. It means that the problelikély to have

no answer or more than one answer orthe answeotisstable, i.e. in small changesZincan make big
changes. To overcome this problem, regularizatiogthods are used for the stability of the answer. In
regularization methods, the main problem is reang another problem which is close to the mairbfem, but
does not have the awkward condition of being sdévalnd this is the nature of all regulation methddwere are
many methods to organize regularization strate§fiessuse Tikhonov regularization strategy in thische.

Now to minimize problem (7), we minimize Tikhonawniction to g

T, (Yur)=A ||yUR||1 +G(Yyr) (:
Where,

1
[Yor, =1y orls +1yerl I, =( %02
and % are Tikhonov regularization parameters.
If we rewrite the equation (8), we will have:

T, (ur)=A1] (%)Zde f Gon PR Y (M, 002, P

=T 0= {ﬂ[(ag%fﬂymf]{z(w o Z)7 | dP, (0
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Now, the intended problem is to minimize equati®y To do this, Euler-Lagrange equations will belagal to the
following integrant variable ( Ewing, ( 1985)):

0 i ,
E=A S+ ) T (M e o2 ) (10
t t=1

Euler-Lagrange equations are as follows:

d o9¢ o4 -0 (1

dR a ayUR ayUR

oR
So, we have:
0§ W _ d 0§ _ d{ ayURjzmaszRj_d 0§ _ 50
P Y e oR dFt)a Y ur dp 0P 0P dP, [ dy e 0P
oR oR ok
And
9 _ L(OLM e 0Z, )
. LM -Z 1z
ayUR 21:( ayUR ayUR]( o t) (
Where
0Z, =6LMt
N e
Putting the above values in equation (11) we have:
9° OLM e OLM
(% Yur)- 21:[ dy i ay t](LMURt-Zt):O
t= UR UR
Or
%Y r OLM 4z OLM,
L - LM  -Z 14
Ao V)= ;[ oy oy [MunZ) (14)

This is a differential equation to solve which aitain ;5 , we use numerical methods. However, the numerical

method we use depends on that country’s data aogptd which we can apply the best numerical metheat

example, numerical methods of Crank-Nicolson, amdes implicit and explicit methods can be usedeT

advantage of this method to many other methodsaisthis method does not have the limitations tieye.

5. Conclusion

What was presented as this study and its resuksawaxclusive attempt relying on numerical methodsstimate
the volume of dirty money. Considering the incragdirend of this phenomenon throughout the wotkirelated
data should be included in the modeling of macroenouc economic activities. This is very important the
economic researchers. In addition, as mentioneliegafighting this phenomenon is essential to achi the
development. Unfortunately, the harmful effectsha$ ominous phenomenon are clearly seen in aliall social,
economic, political, security, disciplinary and &greas.
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