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Abstract
This paper analyzes theoretically the impact oflitr@efault swaps (CDS) on the regulatory capiajuired in a
banking system. We develop a simple capital requéirg model with and without CDS, which shows thBx3C
reduces banking system capital ratio. The model laighlights the regulator’s ability to use prudehtatios at
their disposal to limit regulatory arbitrage. Anhamcing of this model via a reduced-form defaultdalp
inspired by Duffie and Singleton (1999), shows plessibility for banks facing the regulator’s dedivereduce
regulatory arbitrage, to affect the level of regoitg capital savings. This becomes possible if@ES market
gives them the opportunity to influence some patarseelated to the CDS market value: the defadnisity,
the partial recovery rate, the spread, the risk-fidte. Therefore, in addition to its interventiom prudential
ratios, the regulator should limit regulatory ardite effectively by intervening also in the CDS kedrto
counter the strategic use of CDS by banks.
Key words: bank, prudential regulation, regulatory arbitragredit default swaps.
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1 Introduction

Credit default swaps (CDS), a form of credit risisirance, were engineered in 1994 by the US bafk J.
Morgan Inc. to transfer credit risk exposure frams balance sheet to protection sellers. Specifictiey are
swap or over-the-counter (OTC) contracts that feapthrough a contract between two counterpartibgyr part
of the credit risk and the yield to a third pargled a reference entity, without actually giving the ownership
of the underlying asset (International monetarydfiMF, 2002). A development of the credit derivagvmarket
in the financial system could make it possible aket advantage of the growth potential of the debtkat,
which represents a large volume of trade: bankdaarnndividuals, corporate loans, so-called sageréans or
sovereign debts (Greenspan, 2004). The establishofiesuch a market requires a critical size in financial
market to provide a certain depth of market, ligiyjddynamism and potential for geographic diveacsition.
However, mispriced or poorly managed credit deivest can lead to increased financial instabilitysgstemic
risk (Bruyére, 1998; Duffie, 1999; Duffee and Zhou, 2001; Rey, 2009). In fact, if banks run a liquidity risk that
they cover on the interbank market, the transfaredlit risk may lead to a contagion effect betwdrnbanking
sector and the insurance sector and, as a reseitteca systemic risk (Allen and Carletti, 2006hisTis a
paradox, especially since credit derivatives, cowgzktheoretically to spread risk, end up leadman increased
concentration of risks (Laurent, 2000). By distugtithe incentives for monitoring and risk managemémps
can lead to an increase in operational risk andtgraifficulties in setting up an operational pfan monitoring
and controlling risks. Credit derivatives are atemsidered to be one of those responsible for €¥-2008
financial crisis (Tett, 2009). Warren Buffett (2Q@&nounced derivatives as weapons of mass destruct

These disadvantages, however, should not obscurebémefits of credit derivatives. Like any finarmcia
instrument that allows the level and type of riekbe adapted to those desired, credit derivativesahle to
facilitate the diversification of risks borne byrta (Prat92002; Bomfim, 2002; Vinod, 2003). When used well,
they increase the liquidity and overall efficienafymarkets by improving the ability of operatorsdptimize
their exposure to credit risk (Kiff and Morrow, 2000; Finger, 2002). It is possible that the banking system,
provided it is able to control the risks of finamicinstability induced by the use of credit derives, can take
advantage of the original virtues of credit deiives (O'Kane and Mc Adie, 2001). Prior to the in@m of
credit derivatives, banks managed the insolversly af the debtor both through various collateral #re risk-
based capital requirements of loan contracts. && acd default, the required capital cashes the lbiss credit
derivatives mechanism allows a bank to lend withasgsuming the full risk of the transaction and with
increasing its capital requirements (Flesaker, &bkr and al, 1994). In doing so, it reduces itgosxire to
credit risk when it considers capital adequacyddiaths disproportionate to the actual risk incui(t€essler and
Levenstein, 2001). The adoption of credit derivediby banks corresponds to a paradigm shift irathieity of
bank credit that contrasts with the standard motibank credit (Morrisson, 2002).

Theoretical and empirical research have been caeduo advance our knowledge of credit derivatikedpcts,
and to improve our understanding of the economie ob CDS contracts. These studies were initiatipaerned
with models for the pricing of CDS using the fundamal principles of replicating strategies (Das, 1995; Dulffie,
1999; Duffie and Singleton, 2003). Then, research on CDS has quickly expanded into a broad research field
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ranging from corporate finance to market financagdhrough financial intermediation and regulat{darrow,
2011). Studies have examined the effect of CDShercapital structure. CDS trading reduces borrowsts in
equilibrium (Goderis and Wagner, 2011; Salomao, 2014) and can affect default risk and bankruptcy costs (Che

and Sethi, 2014). Another strand of research hasimed the impact of CDS on the efficiency, qualépd
liquidity of the bond market (Das, Kalimipalli amtayak, 2014) and the interactions between the C&en
and the stock market in terms of information fldwilécher, Pollet and Wilson, 2015). Some studiesifoon the
strategic use of CDS, a real revolution in bankamgl risk management. A model proposed by Hakends an
Schnabel (2010) shows that the insurance provige@DS increases the credit supplied to risky boemman

the presence of risk sharing. Such practices nsay lahd to excessive risk taking, with destabitiz&ffects on
aggregate risk (Biais, Heider and Hoerova, 201&)SQan be used for regulatory capital relief, idesrto
improve regulatory capital adequacy for individbahks. They thus make it possible for banks to sapétal
and to improve their profitability (Froot, 2001)h& strategic use of CDS may lead to other unintnde
externalities with ambiguous welfare implicationghe context of financial intermediation, sucteicient risk
sharing (Thompson, 2010) and improved risk manageiNorden, Buston and Wagner, 2014), but alsocedu
monitoring incentives for banks (Arping, 2014), atke selection and moral hazard in the bank—debtor
relationship (Chakraborty, Chava and Ganduri, 2@l) counterparty risk (Stephens and Thompson,)2014

The strategic use of CDSs to improve regulatorytahpdequacy for individual banks, or regulatorpitiage,
enables banks to legally circumvent the prudetaistraints imposed on their balance sheet as$etgever, it
can be done at the expense of making them moresrabliie to systemic shocks (Yorulmazer, 2013) and of
creating contagion because of credit risk tran&den and Carletti, 2006). For regulators, arhigaegulatory
is simply exploiting the legal vacuum linked to #t@mplexity of transactions involving CDS (Ring®13). For
this reason, they warn banks against the tempt&ti@onduct regulatory arbitrage transactions wauild allow
them to save on capital (Basel Committee, 2016}his context, regulators seek to increase thelgyaand
transparency of the CDS market, by requiring regdldinancial institutions to limit their use of &9, and by
imposingon them capital requirements and strict oversight (Shadab, 2009; Carlson and Margaret, 2014). But
Regulators and other decision-makers can implementfinancial regulations that often worsen thebpem, if
they have not before accumulated sufficient thémakainalysis on CDS (Augustin and al., 2016).His paper,
we develop a theoretical model that sheds lightherdifficulty regulators may have in putting irapeé measures
that limit regulatory arbitrage. Indeed, this modbhbws the regulator's ability to use prudenti&suo limit
regulatory arbitrage in the banking system. Bupideghese prudential constraints, banks candsiiltegulatory
arbitrage if they have the opportunity to influertbe CDS market in their favor. The rest of thdcketis
structured as follows: Section 2 models the capitalings due to CDS and how the regulator can lemdh
regulatory arbitrage. In Section 3, we highlighe ghossibility for banks facing the regulator’s degi reduce
regulatory arbitrage, to affect the level of regoitg capital savings. Section 5 makes recommenastand
concludes.

2. Regulatory arbitrage and banking regulation: a theoretical model

2.1. The assumptions

Consider a banking system composednafommercial banks. Without loss of generality, wan aestrict
ourselves to the case of two banks A and B. Bankhase capital value is notéddhas a nominal value bond
fixed, for the sake of simplicity, dt This obligation is issued by a company C withellwefined rating. Bank
A purchases protection at Bank B in the form of2SOnvhose reference asset is this bond. It is assunat the
regulator supports the development of the credivdgves market depending on whether the positsolshort"
or used to cover another. The capital requirementaf short position is the same as for an equivatash
position on the reference asset. The principlesithply the regulatory ratios set by the reguldtothis model
are in line with those of Basel Committee. Hehe tatio values are taken in their general expoassihe
regulator imposes capital requirements on the thoters A, B and C as follows:

. The weighting applicable to issuer C of the bonskistoc (c = 100% = 1 in Basel 2);
. Issuer C is subject to the maintenance of a miniroapital ratio ofa (in %);

. Bank A wishing to hedge against C's obligation ntlaeh constitute a reserve af

. The weighting applicable to bank Bhg(in %);

After the conclusion of the CDS, the weighting éggdble to bank B, that i, replaces that of the issuer of the
bond. This CDS seller bank has a higher credihgatihan the issuer of the reference asset. Solatedbank B

is subject to a lower ratio @f X b (with ab < b). In this case, the capital requirement to whiehlbA will be
submitted will be not the ratio but the ratiaab. Let us make the additional assumption of a zemetation
between the failures of entities B and C so they #re not simultaneously deficient as to their gotments.

In addition, the regulator sets a regulatory sumgbaor add-on) as a counterparty risk requirem&his
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coefficient denoted is that applicable to interest rate contracts wittemaining term of more than 5 years. The
counterparty weighting is cappedeatas in all off-balance sheet derivative transagtio
It is assumed that the market value of the CD3wsys lower than the face value of the underlyiogdh This
is because the CDS is a form of insurance purches@dotect against the default of the underlyirgndh A
simple common sense rule is that one buys insurah@e lower price than what worth the product ieslur
Formally, we have:

MtM < 1 (1)
In addition, the value of the equity of bank A ansidered to be greater than or equal to the ndméatae of the
bond. In fact, the bond that bank A has acquirethfthe issuing company C is generally accountea$quart of
the bank’s own funds. Thus, we have:

N=1 2)

2.2. Deter mination of the capital savingsratio
Taking into account the assumptions mentioned ahibf@lows that the capital requirement for bafikbefore
the conclusion of the CDS, iKy/ithowt (DS = gcN.
That of bank B is zerdkyithout €S = 0, Thus, in the absence of a CDS contract, the alagituirement at the
level of the banking systeiythout €05) js:
K&ithaut CDS _ KXVithout CDS + Kg/ithout CDS _ acN (3)
How are these results affected when introducing Gm8 the banking system? With the zero correlation
between the failures of Entities B and C, the bgyiank A of CDS does not suffer a default loss, issdapital
requirement is:
K){\/ith CDS _ abN (4)
For Bank B, which classifies CDS in its trading galio and goes back to an insurance company, Hpétal
requirement corresponds to the counterparty riskuraed by Bank B on the insurance or reinsurance
undertaking. Bank B does not record a specific gisien the strict identity of its buying positionig-a-vis bank
A) and its short position (vis-a-vis the insura@oenpany or reinsurance). This counterparty riskicidn, and
subject to certain capital requirements, is donthaut altering the existing commercial relationshiph this
counterparty.
Noting MtM the market value of the CDS, the capital requir@mier bank B amounts t&yhcPS =
[MtM + (N x d)] x e X a. We obtain:
KYiheDs — ge(MtM + dN) (5)
Let us make the additional assumption that the daks that the use of CDS affects are credit ri€kber risks
(operational risk, market risk, systemic risk, ptare not expected to be affected by the use of .CDfs
implicitly implies that the regulator has managectbntain the risks of instability related to CDis can be
done by prohibiting or restricting the speculatiimmension of CDS.
In the case of a CDS contract, the capital requérgmat the level of the banking system are ohdaliyeadding
those of banks A and B:
Kt CPS = ith €DS 4 guith CDS — Kuith CDS — gpN + ae(MtM + dN). We obtain:
KR CDS = (ab + aed)N + aeMtM (6)
Having reached this stage of the analysis, it &sjlide to compare the regulatory capital of the-8&6 banking
system with the regulatory capital of the bankipgtem with CDS. We obtain the following proposition
Propositionl: CDSs can be used for regulatory arbitrage pupabels allowing banks to legally circumvent
prudential constraints on their balance sheet ashaleed, the use of CDS as an instrument forihgdasank
credit risk leads to a decrease in the regulatapjtal requirement in the banking system. We have:
Ksuéith CDS < Ksuéithout CcDS (7)

Proof of proposition 1: just compare the equations (3) and (&)W and(ab + aed)N + aeMtM.
To compareicN and(ab + aed)N + aeMtM, we proceed in several stages. From relationvig),can write
that:
(ab + aed)N + aeMtM < (ab + aed)N + ae (8)
Let's compardab + aed)N + ae andacN. Consider the differencP = acN — (ab + aed)N — ae. This is
simplified toD = (ac — ab —aed)N —ae. D=0 for N=——:;D>0 for N>—— ;D <0 for N <
e c—b-ed c—b-ed

c—b-ed ’

It follows that:

e

< >

(ab + aed)N + ae < acN forN_C_b_ed
e

> <—
(ab + aed)N + ae = acN forN_C_b_ed

153



Research Journal of Finance and Accounting www.iiste.org
ISSN 2222-1697 (Paper) ISSN 2222-2847 (Online) H-,i,l
\Vol.9, No.14, 2018 ||$ E

° It follows that

By virtue of relation (2), we hav®¥ > 1. This implies that one can never have<

c—b-ed’
N = C_:_ed, which implies(ab + aed)N + ae < acN (9). By combining the relations (8) et (9), it combatt
(ab + aed)N + aeMtM < acN (10)
And finally :
Ksl%ith CDS < Kslﬂéithout CDS QED

Definell as the regulatory capital saving ratio. It is dgoathe capital regulatory capital ratio with Cd8&
regulatory capital capital without CDS. This radounded lower b9 and higher byl: 0 < I1 < 1. The closer
it gets tol, the less capital there is. The méréends to O, the greater the savings in own fuRdsmally, this
ratio is written:

KWihebs — (ab + aed)N + aeMtM (b + ed)N + eMtM
Ksuéithout CDs acN = cN
This expression makes it possible to highlightithpact of prudential rules on the capital savirfuyst tan be
realized through CDS. This impact is summarizeth@following proposition (proof in Appendix Al):
Proposition 2: The regulatory capital savings that the bankiygiesn can achieve through the use of CDS are all
the greater as the levels of the following regulat@tios decrease: the weightihgpplicable to the selling
bank of the CDS, the coefficiedtand the weighting applicable to the counterparty. The regulatoryitehp
savings increase when the level of weightirgpplicable to issuer C of the bond, increasesth@rother hand,
in the model, the minimum capital ratichas no effect on capital savings.
This result shows that unlike the other regulatatios used in the model, the level of the minimeapital ratio
a does not affect the level of capital savings. &djdf all other ratios and other parameters ofrtieael are
held constant, the equity levels payable with othaut CDS are allocated in the same proportionghay
minimum capital ratio. This prudential ratio is tefore in no way related to the use or not of tHaSC
Proposition 2 also shows that regulators can userdigulatory ratios available to them to limit riegory
arbitrage. In fact, regulators, increasingly thinkthat regulatory arbitrage is simply exploititg tegal vacuum
linked to the complexity of transactions involvi€@DS, are increasingly trying to warn banks agathst
temptation to achieve regulatory arbitrage (RirfH,5, Basel Committee, 2016).
Can banks counterbalance the ability of regulatorBmit regulatory arbitrage through prudentiatioa? We
show in the following of this article that, despiteudential ratios deliberately set by the regulatanks can still
influence the level of regulatory capital savinfishey are able to influence the market valuehaf CDS MtM,
via certain variables to be determined. To do this,determine a more complete expression of thelatay
capital ratio IT by expressing the market value of the CBf$M, according to certain characteristics of the CDS
market (default intensity, partial recovery raggresd, risk free rate).

1=

<1 (11

3. A possibility of regulatory arbitrage despite banking regulation
3.1 Deter mination of the market value of the CDS
The market value of the CDS, ®tM, is the payment made by the selling bank B taattguiring bank A in the
event of default by the issuer C of the underlyiond. If the default occurs before the maturitytied swap,
Bank B makes a payment to Bank A, equivalent tadifference between the nominal of the debt covérethe
swap and the recovery rate observed at the monfesefault. To determine the market value of the CBS
reduced form model is used. The reduced-form modaie back to Pye (1974) and have been populabyed
many works, particularly those of Duffie and Sirigle (1999). In these models, the default is comsidiean
unpredictable event whose law is governed by ahstc process called arrival intensity or hazatg.rThe
simplest example of a reduced-form model is thatretthe moment of defaultis defined as the first moment
of arrival of a Poisson process of intensity defdulln other words, the moment of defaualfollows an
exponential law of parametér> 0:

Plt>tl=e*; E[1] =% : P[t € (t,t+dt)|t > t] = Adt (12)
The market value of the CDS is the difference betwthe purchase price of the CDS (the fixed leg) e
future revenue stream generated by the CDS (thablarieg). The fixed leg of the CDS is the sprpagt leg on
regular dates; until maturityT of the CDS, except in the event of default byréference entity. Assuming that
the premium is paid up to default, and without makinto account the accrued coupon dend@iédwith
CC = 0), and considering the parameter CDS spread) antt,.. (indicator variable equal tbwhenzt > t;

and equal t® otherwise), the fixed leg of the CDS is a net pnévalue (NPV) of the spread whose expression
is (proof in appendix A2):

JF(s) =E [e‘”iz. s(t; — ti_l)n{mi}] +CC = Z's(ti —ti_)e Mt (13)
L i

This expression of the fixed leg of the CDS is arRann sum which converges, assuming that the pdyofien
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the spread is done continuously, to an integrahefform:

JF(s) = fTsdte_(”'m =5 fTe_(”’Dtdt
Oe—(r+A)t T ’ — e—r+)T
JE(s) = s[ — L =s(T) —1 =s(t,T)DV(0,T) (14)
_ e—(r+/1)T
where DV(0,T) = —

The expressio®V (0,T) is a generalization of the notion of duration @se of credit risk. This risky duration,
called Dollar ValugDV), is equal to the duration of the bond that rematearthe risk-free asset continuously if
the default intensity is zero. It takes into acdadine absence of spread payment for cases wheaeltdetcurs
before maturity. Thus, the expression of the filkeglis equal to the spread multiplied by the doltaue.
The variable leg, defined as the future incomeastrgenerated by the CDS, is equal to the discouog=din
case of default of issuer C of the bond, multipligdthe nominal of the bond assumed tdlbélere we assume
that this future stream is paid at the instanf occurrence of the default. Assuming a fractiomgovery of
market value in case of default widithe recovery rate, the Loss Given Default is eqoalGD = 1 — 6. The
expression of the variable leg of the CDS is thenfV = E[(1 - 8)lpen] =1 —8).1.P[r <¢] +
(1= 6).0.P[t > t]; what is reduced to:

JV =E[(1 - 8lgeny] = QA =8)(1—e™?) (15)
At this point, we can calculate the market valu¢hef CDS defined as the difference between thelfizg of the
CDS and its variable leg. Formally, it gives:

1— —(r+0)T
MM = JF(s) = JV = s(t, T) ———5—— (1 = (1 —e™) (16)
3.2. A complete expression of the capital savingsratio

By integrating equatioil6) into equation(11), we determine a more complete expression of thalaory
capital saving ratidl as follows:

_b+ed

e 1—exp(—(r+ A)T)
Im= c +m[$(t,T)

—— —(1-8)(1—exp (—lt))] (17)
It is considered that, to counter the regulatohbjteage made possible by the use of CDS, the remusets the
ratios(b, c,d, e) to (b, ¢,d, &). We get the relation:

N=1(s,A96,71) (18)
Equations(17) and (18) highlight the possibility of lowering the ratio atgulatory capital savings, by
influencing the values of the parameters thatleespread (t, T), the intensity of default, the partial recovery
rates and the risk-free rate More specifically, this ratidl decreases when these 4 parameters decrease (proof
in Appendix A3). But these parameters can relayived affected by the banks. The risk-free ratéehanmoney
markets can be influenced by the behavior of baBksks can also influence the partial recovery satg the
default intensity of the bond issuer. PropositicsuBimarizes these results:
Proposition 3: For fixed values of prudential ratios, it is Isgibssible for the banking system to make regujator
arbitrage by downwardly influencing the risk-frestar, the default intensity, the spread and the partial
recovery ratéd. These effects on these parameters lead to andeidithe market value of the CDS and an
increase in regulatory capital savings, ceterisbpar Therefore, the intervention of the regulaiorprudential
ratios is not enough to limit regulatory arbitragiéectively. The regulator should intervene alsathie CDS
market in order to counter the strategic use of ®pHanks.

4, Concluding Remarks

In this paper, we have developed a model to ashessapital savings that the banking system careaetby
using CDS. The use of CDS allows the banking systedo regulatory arbitrage by saving capital. Tinedel
also shows that regulators can use regulatorysratidheir disposal to limit regulatory arbitragsawever, it is
possible that, in the face of this possibility fegulators to limit regulatory arbitrage, banks malatively affect
the level of regulatory capital savings. This beesrpossible if the CDS market gives them the oppdst to
act on certain parameters related to the CDS mamMdete: the default intensity, the partial recoveaye, the
spread, the risk-free rate. Therefore, in additmits intervention on prudential ratios, the regats should limit
regulatory arbitrage effectively if they interveakso in the CDS market to counter the strategituémfice of
banks in this market.
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The model developed analyzes the issue of regylaitnitrage in the presence of CDS by staticallysidering
the relationship between the regulator and the &athle regulator sets the regulatory ratios smasibimize

regulatory arbitrage due to CDS. From these fixatbs, banks can always react by saving equitiid@frnarket
offers them the opportunity to act on the markduwaof CDS. With a view to deepening this modelisit
possible to analyze this issue of banking regutaitothe presence of regulatory arbitrage by r@sprto the
game theory to take into account the strategicdasteons between the regulator and the banks. Gh#iterium

values of the prudential ratios and those of thepeters related to the CDS market will then bemeined
from the reaction functions of the regulator and tepresentative bank, each of these actors ojntignits

objective function by anticipating the behaviottloé other.

In addition, another extension of the model is toded the behavior of the regulator who wishes taoimize
regulatory arbitrage by taking into account theeet of CDS on the credit supply, the cost of ¢radd the
transmission mechanisms of monetary policy to ¢tredirket. Indeed, CDSs can help expand credit guppl
capacity and reduce the risk of credit rationingiff®e and Zhon, 2001, Aglietta, 2008). Such andase in
lending capacity may be tempered somewhat by ttietliat loan prices include the cost of hedginglitnesk
via credit derivatives. This is likely to increasige cost of intermediation with the risk of exaadihg
foreclosure effects. In addition, the ability oédit derivatives to increase banks' lending poééthirough better
risk diversification/dispersion can reduce the effeness of monetary policy in influencing crediipply
(Estrella and Jeffrey, 2002). Further study is expe in the future.
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Appendix Al:
The expression of the capital savings ratio istamias:

M- (b + ed)N + eMtM

(A1.1)
[
From this expression, we highlight the 4 varialtted affect this ratio:
I =1(b,cd,e) (A1.2)
We calculate the partial derivatives with respedilt the explanatory variables of this ratio.
an—d+MtM>O (A1.3)
de ¢ cN '
on_1 >0 Al.4
ab ¢ (414
M_eo AL5
ad ¢ (41.5)
61'[_ b+ ed 1eM1:M<0 416
dc c? c2 N (41.6)
o = Al1.7
aa - ( . )

Appendix A2:
The fixed leg of CDS is equal to :

JF(s) = E[e ™ % s(t; — ti—)lgrsey] + CC - (A2.1)
If we do not take into account the accrued coufaopwing that the premium is paid until the defaulg have
CC = 0. Considering that,;=1 if > t; and equal to 0 for < ¢, we obtain:

JF(s) = e‘”izls(ti ) X1XP[T> ]+ e‘”izls(ti —t )X OxPlr<t] (422)
Which one gets : l l
JF(s) = e‘”izls(ti —ti_1) XPlt>t] (A2.3)

13
Knowing that the moment of defecfollows an exponential law of paramefer> 0 :
Plt >t =e™* (424)

We get :
JE(s) = e‘”iz s(t; —ti_y) xe M = Z s(t;—ti_) xe M xe i (42.5)
i i
JF(s) = le(ti —t,_ e~V QED  (A2.6)
Appendix A3:

The expression of the capital savings ratio istemias:

_ b+ed e [s(t, ) 1—exp(—(+AT)

TN T+ A —(1-8)(1 —exp (-At))| (43.1)

Fixing the ratiogb, c,d, e) to (E, ¢, d, e‘), we get the functional relation that highlights th variables that affect
this capital savings ratio:

=1I(s,A16,71) (A3.2)
From this expression, we calculate the partialvégiies with respect to all the explanatory vamgabbf this
ratio:

ol e T(r+ Dexp(—(r + DT) + exp(—(r + )T) — 1 )
TN [S(t, T) L >0 sinceT >1 (A43.3)
all e Tr+ Dexp(—(r +AD)T) + exp(—(r+A)T) -1
TN [s(t, T) CEE —(1-¥8)texp (—At)| >0
sinceT>1andT >t (A3.4)
a—n—i 1- —At)) >0 (435
i CN[E W (( )m)] -
_ e 1ll—exp(=(r +
ds  cN r+2 >0 (436)
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