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Abstract

In light of rising bank concentration, we examine how intermediary market power af-
fects the transmission of monetary policy. To this end, we incorporate a finite number
of strategically interacting banks into an otherwise standard New Keynesian frame-
work. Banks operate as dynamic platforms, exerting both oligopoly power in the loan
market and oligopsony power in the deposit market. We characterize the strategic be-
havior of the banks using coupled generalized Euler equations (GEE), which generate
endogenous, state-dependent markups and markdowns. Using this framework, we show
that increasing bank concentration dampens and shortens the persistence of monetary
policy effects on inflation, output, and consumption by restricting credit supply and

dampening investment in physical capital.

JEL Codes: D43, E44, G12, G21, L11.
Keywords: Dynamic Financial Oligopoly and Oligopsony, Dynamic Platforms, Endoge-

nous Financial Markups, Financial Intermediaries, Market Power, NK models.

*Disclaimer: The views expressed in this paper do not represent the views of the Federal Reserve Bank
of Chicago or the Federal Reserve System. Declaration of conflicts of interest: none. All errors are our own.
tMarshall School of Business, University of Southern California. E-mail: lukas@marshall.usc.edu.

FUniversity of Surrey. E-mail: v.valaitis@surrey.ac.uk.
$Federal Reserve Bank of Chicago. E-mail: alessandro.villa@chi.frb.org.


mailto:lukas@marshall.usc.edu
mailto:v.valaitis@surrey.ac.uk
mailto:alessandro.villa@chi.frb.org

1 Introduction

The transmission of monetary policy (MP) shocks is central to macroeconomic analysis,
yet the role of financial market structure in shaping this transmission and its impact on
macroeconomic outcomes remains underexplored. In view of the rising concentration in
the banking sector, in this paper, we examine how bank market power alters the general
equilibrium effects of MP shocks by embedding a finite number of banks (i.e., banks are non-
atomistic) into a standard New Keynesian (NK) framework with nominal rigidities. Unlike
models with monopolistic competition in the banking sector, where banks are atomistic price
setters, our approach explicitly accounts for strategic interactions among a finite number of
banks. In this setting, lending markups and borrowing markdowns emerge endogenously as
a function of both market structure and macroeconomic state variables. We formalize these
dynamics through a Markov-Perfect Equilibrium (MPE) framework (e.g., Maskin and Tirole,
2001), similar in spirit to that proposed by Villa (2025), which allows banks to dynamically
adjust their pricing behavior in response to idiosyncratic and aggregate conditions. We
build on Villa (2025) and characterize banks’ strategic behavior using generalized Euler
equations that incorporate both oligopsony (deposit market) and oligopoly (loan market)
power, thereby modeling banks as dynamic platforms. The structure of these generalized
Euler equations parallels those found in the optimal fiscal policy literature (see, for instance,
Klein and Rios-Rull, 2003; Krusell, Martin, and Rios-Rull, 2004; Klein, Krusell, and Rios-
Rull, 2008; and Clymo and Lanteri, 2020).

We view the general equilibrium nature of our MPE as essential for understanding the
macroeconomic implications of bank market power. By explicitly modeling the interaction
between the banking sector and the real economy, we analyze how the dynamics of output,
inflation, consumption, and capital accumulation respond to monetary policy shocks when
the financial sector consists of a few strategic banks. Crucially, the dampening effect of
bank market power on MP transmission arises endogenously from equilibrium interactions.
In a standard NK setting, a monetary policy rate cut lowers household savings incentives,
raising consumption and increasing firms’ demand for capital. However, in a market where
banks strategically internalize changes in credit demand, a higher demand for loans leads
to persistently higher lending markups, raising the cost of investment relative to a perfect
competition benchmark. As a result, firms substitute away from capital toward labor, alter-
ing the factor composition of production and significantly muting the expansionary effects
of monetary policy.

This shift in equilibrium responses has important macroeconomic consequences. Unlike

standard NK models, where capital accumulation amplifies the effects of monetary policy



over time, the presence of bank market power significantly weakens the persistence of MP
shocks. Since investment is constrained, the long-run propagation of demand-side stimulus
is reduced, leading to a structurally dampened response to monetary interventions. In a
fully general equilibrium setting, this mechanism feeds back into inflation, consumption, and
labor markets, further weakening the impact of MP shocks. Moreover, banks reduce deposit
rates more aggressively than under perfect competition, further dampening household saving
behavior and limiting the overall supply of credit. As a consequence, much of the stimulus-
driven increase in demand is absorbed by higher labor input rather than capital deepening,
shifting the composition of economic adjustment.

By integrating an oligopolistic banking sector with a finite number of strategic banks into
a general equilibrium framework, this paper provides a novel perspective on how financial
market structure conditions the effectiveness of monetary policy. Our results underscore
that banking concentration is not merely a microeconomic phenomenon but has first-order
macroeconomic implications, significantly altering both the magnitude and persistence of

policy shocks.

Related Literature A growing body of research highlights the crucial role of financial
intermediaries’” market power in shaping the transmission of monetary policy. Traditional
models often assume a frictionless financial sector, yet recent studies underscore that banks’
strategic interactions in both loan and deposit markets significantly influence macroeconomic
dynamics.

Our framework builds on Villa (2025) who studies how few strategic banks affects the
transmission of macroeconomic shocks in a real economy with heterogenous firms. Villa
(2025) develops a model where a finite number of strategic banks interact with heteroge-
neous firms, showing that oligopolistic banks extract higher markups from smaller firms
with fewer outside financing options. This distortion dampens firms growth and becomes
particularly severe during recessions or in the event of a major bank failure. Our study
builds on this framework by embedding strategic banks into a New Keynesian economy
and explicitly modeling their dual market power on both the deposit and lending sides. A
related methodological approach is found in Bertolotti, Lanteri, and Villa (2025), who exam-
ines strategic suppliers of durable goods in a macroeconomic setting. The parallels between
banking and durable goods markets source from the intrinsic dynamic nature of these prob-
lems and suggest that insights from industrial organization models and recursive contracts
(e.g., optimal fiscal policy) can be fruitfully applied to monetary policy analysis. One of the
first attempts to integrate a small number of strategic banks into a macroeconomic model

is Corbae and D’Erasmo (2021), who develop a rich quantitative model of banking industry



dynamics to study the effects of financial regulations.

From a structural and monetary policy perspective, Wang, Whited, Wu, and Xiao (2022)
quantitatively assesses the role of bank market power relative to other frictions in monetary
transmission. The study finds that banking sector oligopoly effects are as influential as
regulatory constraints and financial frictions in shaping policy outcomes. This result sug-
gests that central banks must account for banks’ strategic responses when designing policy
interventions. Empirical studies also support the notion that bank concentration weak-
ens monetary policy transmission. Drechsler, Savov, and Schnabl (2017); Li, Loutskina,
and Strahan (2019) focus on deposit market power and provide evidence that larger, more
concentrated banking systems exhibit lower interest rate pass-through, dampening the real
effects of monetary policy. Wang, Whited, Wu, and Xiao (2022) further highlight that bank
market power influences the cyclicality of credit supply, with stronger dampening effects dur-
ing downturns. These findings align with our theoretical prediction that increased banking
sector concentration in the EU leads to a muted and less persistent monetary policy response
in inflation, output, and investment.

A number of other recent papers emphasize that an imperfectly competitive banking sec-
tor alters the effectiveness of monetary policy. Drechsler, Savov, and Schnabl (2017) show
that banks with market power can amplify financial market instabilities in response to mon-
etary policy shocks, potentially leading to abrupt increases in equity premium volatility—so-
called “market tantrums” (Feroli, Kashyap, Kashyap, and Shin, 2014; Sahay, Arora, Arvani-
tis, Faruqee, N'Diaye, and Griffoli, 2014). The presence of bank market power can thus
create nonlinearities in policy transmission, where financial conditions deteriorate sharply
under contractionary shocks.

Our paper contributes to the literature by integrating a finite number of non-atomistic
financial intermediaries into an otherwise standard NK framework with nominal rigidities a
la Rotemberg (1982). In this environment, banks act as strategic intermediaries, exerting
simultaneous oligopoly power in the loan market and oligopsony power in the deposit market,
where markups and markdowns arise endogenously as functions of economic fundamentals.
Consequently, these markups and markdowns depend on both the banking sector’s market
structure and the broader macroeconomic state variables. This framework enables us to
analyze how endogenous pricing distortions shape the transmission of monetary policy shocks

in a general equilibrium setting with nominal rigidities.

Outline. The rest of the paper is organized as follows. Section 2 presents stylized facts
that motivate the analysis. Section 3 describes the model and discusses the main mechanism

and its effects in detail. Section 4 explains the calibration and illustrates the results. Section



6 concludes.

2 Stylized Facts

The paper is motivated by two stylized observations. First, as shown in figure 1, the EU
banking sector concentration has been growing steadily since 1999. While the average market
share of the top five banks in a given EU country was around 60% in 1999, it has increased
to 70% despite the EU’s efforts to promote a banking union. At the same time, there is a
considerable degree of variation across countries, with the current interquartile range between

60 and 85%.

Figure 1. EU BANK CONCENTRATION
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Notes:  Share of the top five credit institutions in total bank assets for individ-
ual euro area countries. The yellow line is a simple average of individual coun-
try values. The blue bars show the interquartile range of individual country val-
ues. Sources: Banking structural statistical indicators (SDW) and ECB staff calculations
https://www.ecb.europa.eu/press/key/date/2024 /html/ecb.sp240425 €762e980c3.en.pdf.

Figure 2 shows that heterogeneity in banking sector concentration has real economic
effects. It shows that countries with a more concentrated banking sector, measured with
the Herfindahl-Hirschman Index (HH) index, have smaller deposit rate beta and larger
loan rate beta. In other words, the elasticity of deposit and loan rates with respect to
changes in the interbank rate depends on the banking sector concentration. Consequently,
the banking sector market power is relevant in understanding the transmission of monetary

policy, especially, its differential effects across the EU.


https://www.ecb.europa.eu/press/key/date/2024/html/ecb.sp240425~e762e980c3.en.pdf

Figure 2. DEPOSIT AND LOAN MARKETS PASS-THROUGH
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Notes: This binned scatter plot shows the relation between bank-level deposit/loan betas
(obtained from a regression of the monthly, year-over-year change in average deposit/loan
rates on the year-over-year change in Deposit facility rate (DFR) between Jan 2022 and De-
cember 2023) and a country-level HHI index for the deposit market. The HHI is grouped
into 20 equally sized bins, and then the average HHI and Deposit beta is plotted for
each bin.Sources: Banking structural statistical indicators (SDW) and ECB staff calculations
https://www.ecb.europa.eu/press/key /date/2024 /html/ecb.sp240425 €762e980c3.en.pdf.

3 Model

In this section we present the model and the definition of equilibrium. The equilibrium
concept used in this section is a Markov perfect equilibrium (e.g., Maskin and Tirole,
2001). Specifically, we characterize the equilibrium using coupled generalized Euler equa-
tions, thereby characterizing banks as dynamic platforms. The generalized Euler equation
appears in a similar fashion in the optimal fiscal policy literature (see, for instance, Klein
and Rios-Rull, 2003; Krusell, Martin, and Rios-Rull, 2004; Klein, Krusell, and Rios-Rull,
2008; and Clymo and Lanteri, 2020). Succinctly, in the infinite-horizon model, each bank
faces a dynamic problem that: (i) depends on the same bank’s future strategies and other
banks’ current and future strategies, and is subject (ii) to all firms’ dynamic demand for

loans and (iii) to all households’ dynamic supply of deposits.


https://www.ecb.europa.eu/press/key/date/2024/html/ecb.sp240425~e762e980c3.en.pdf

3.1 Environment

Time is discrete t = 0,1, ... and the horizon is infinite. The economy features a continuum
of households, equivalent to one representative household called depositor, B identical non-
atomistic banks with mass w,, a continuum of banks called fringe with mass wy, and a
continuum of identical firms j € [0, 1]. The total mass of the banking sector is normalized
to one, i.e. Bw, +wy = 1. Both non-atomistic and atomistic banks are owned by a separate
continuum of identical and infinitely lived households with mass one, equivalent to one
representative household called banker. Firms are owned by a separate continuum of identical
and infinitely lived households with mass one, equivalent to one representative household

called entrepreneur.

Preferences. The depositor, the banker, and the entrepreneur rank streams of consump-
tion C}* and labor consumption N, with x = {D, B, E'}, according to the following lifetime

utility function:

Zﬁt u(Cy) —v(NY)] (1)
where 3 € (0, 1) is the household’s discount factor, u. > 0, ue. < 0, v, > 0, and vy, > 0.

Markets. There are seven markets in the economy: banks’ deposit, banks’ equity, firms’
loans, firms’ equity, interbank market, the labor market, and the market for the representa-

tive good.

Banks’ equity and deposit markets. The banker owns the banks and consumes their divi-

dends. This is reflected in the banker’s budget constraint (in real terms):

CP+QpBS, +thZWbSbt+l +/ PieSterdf =

b=1
G By (2)

B Y -
WtNB + f + Z Wp pbt + Div, t) Sbt + / (pf,t + Dlvat) vatdf’
t 0

where Divy; is the bank’s b dividend (with corresponding share price pp;), Divy, is the
fringe’s f dividend (with corresponding share price py,), BtG_H denotes government’s debt
holdings, @p is the corresponding government debt price, W; denotes real wage, and N/
indicates hour worked of the banker. Each firm can set prices P;;, hence inflation is defined
as I, = P;;/P;4—1. Note that all debts instruments are not inflation-protected, hence their

returns are divided by II; since the budget constraint is expressed in real terms. The depositor
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can invest in the production sector through the banks, by supplying deposits. Hence, the

depositor’s budget constraint (in real terms) reads:

Byt

wp By D Vi D
CP+Qpy ( E Wy Dy 11 +/ Df,t+1df> = W,NP + E Wb—Hb’t +/ —Hf’t df, (3)
b=1 0 b=1 t 0 t

where Dy ;11 denotes deposits in big banks, Dy, denotes deposits in the fringe banks, Qp

is the associated deposits price, and NP denotes hour worked of the depositors.

Firms’ equity market. The entrepreneur owns the firms and consumes their dividends. This

is reflected in the entrepreneur’s budget constraint (in real terms):

1 1
CtE +/ DjSji1d) = WtNtE +/ (pj+ + Divjy) S;dj, (4)
0 0

where Div;; is the firm’s real dividend. Since all firms are identical in equilibrium, and the

entrepreneur’s utility is concave, Div;; > 0 in equilibrium.

Firms’ loan market. The banks supply loans to the continuum of identical firms. Each bank
b=1...DB, can issue non-state-contingent loans L; j;41 to each firm. Similarly the fring can
issue non-state-contingent loans Ly ;1. Banks take each firm’s demand and the depositor’s
supply schedules as given and compete dynamically a la Cournot, i.e, simultaneously and
independently choose their loan portfolios. As discussed previously, the Cournot model has
the handy property that the number of firms (banks in my case) is a sufficient statistic
to determine market power, rendering it a parsimonious and tractable modeling choice.
Alternatively, one could consider a Bertrand model where banks face capacity constraints,
in order to rule out perfectly competitive outcomes. As shown by Kreps and Scheinkman
(1983), quantity precommitment followed by Bertrand competition would induce Cournot
outcomes. The process determines the total amount of loans banks supply to each firm which,
together with the firm’s demand schedule, pins down the loan interest rate Rp ;1 = 1/Qp+.
At time ¢, each firm commits to repay such an interest rate at t+1. We assume each dollar of
loan must be covered with one unit of deposit. Hence, simultaneously with the loan supply,

banks determine deposit demand pinning down the deposit interest rate Rpt1 = 1/Qp

Interbank market. A big bank b can lend M, to other big banks that will be repaid in the
following period at rate 7j7441. Since, in equilibrium, all big banks are identical, Vb : M, =
0.

Labor market. Hours worked supplied by the three households need to equate the labor
demanded by the firm, i.e. NP + NP + NF = N;.

Goods market. All households demand goods supplied by all firms. The resource constraint



of the economy is given by
CP+CF + CF + X, + R(IL) = Y, (5)

where X; = K1 — (1 — §) K} is investment in physical capital, which depreciates at rate 4,
and Y; denotes GDP. Furthermore, we follow Rotemberg (1982) and assume each firm can

set prices P;; incurring the following convex quadratic reduced-form adjustment cost
4 2
R(II;) = By (II; = II)" ;.
Technology. In each period ¢, each firm utilize capital K;, and hires labor to produce

output with a constant-returns to scale production function Y;; = f(Z;, K, Nj.), where Z,

is a stochastic TFP process specified below.

Shocks. There are two sources of aggregate uncertainty in the model. First, we assume
aggregate productivity Z; follows an AR(1) process in logs: log(Z;) = pzlog(Zi—1) + nz4.
where 712, ~ N(0,07,). Second, we assume that monetary policy shocks ¢; follows an AR(1)

process in logs: log(¢;) = p¢log((i—1) + n¢t, where n¢ ¢ ~ N(0, agg).

Government. The government balance its budget which, in real terms, reads:

BG

For simplicity, we assume government bonds are in zero net supply, i.e. B = 0, hence also
Gt == O

Central Bank We assume the central bank seeks to achieve an inflation target II by

setting the nominal rate according to the following Taylor Rule:

1 1_ (I\"
QB’t = BH (ﬁ) e, (6)

3.2 Households

Depositor We now describe the depositor’s problem in recursive form. Let Vp(SP) be the
value function of the depositor with holdings SP = {{Dy;}£,, D;;}. This function satisfies



the following functional equation:

Vp(Sy, Z,G) = max  u(CY) —v(N) + B B[V (Sity, Zesr, G, (7)

D gD D
Cy 7St+17Nt

subject to the budget constraint (3). The depositor takes all interest rates as given, and

chooses assets such that:

Qpi=E [Mgtﬂ : Ht:—ll} ) (8)

H
where ./\/ltD¢ a=p % The intratemporal labor-consumption margin reads:

ue(CPYWe = v (N7).
Banker We now describe the banker’s problem in recursive form. Let Vz(SP) be the

value function of the banker with holdings SZ = {{Sy,}£.,, B}. This function satisfies the

following functional equation:

Ve(S7, Z,¢) = max — u(CP) = o(NP) + B EelVB(Sii1, Zest, )], (9)

B oB B
Cy .51, Ny

subject to the budget constraint (2). The banker takes all interest rates as given, and chooses

government bonds such that:

Qp:=E Mg, - TI] (10)
uc(CE y o . .
where Mft =5 u((c(,t*:;)) Moreover, banks’ equities are priced according to:
+ Di
Vb1 —F MtBt—i-l Do+ Vb, t+1 ' (11)
' Dot

The intratemporal labor-consumption margin reads:
uc(CE)W, = vy (N).

Entrepreneur We now describe the entrepreneur’s problem in recursive form. Let Vi (SE)

be the value function of the entrepreneur with holdings S¥ = {S;,}. This function satisfies

10



the following functional equation:

VE(SE,Zt,Q) = max U(CtE) - U(NtE) + 8- Et[VE(SEmZtH,QH)]a (12)

CESE | ,NE

subject to the budget constraint (4). Firms’ equities are priced according to:

. Div.
Vi:1=E|MF,, - p”“; Sy (13)
7,t

E
where Mf, | = Buuc((cctt}l)) The intratemporal labor-consumption margin reads:

ue(CF)We = va(N).

3.3 Final and Intermediate Firms (Loan Demand)

The demand for intermediate goods is given by a standard static profit maximization of the

P\’
j,t=<1.%t) Y. (14)

final good producer

Y,

We now characterize the intermediate firm j’s problem in recursive form. Let V(X ;) be the
value function of the intermediate firm j with holdings S} = {{Ls s }po1, { L3, bo1s Kt}

This function satisfies the following functional equation:

Vi ( ]t?Zt><t> = max Div;,; + E, [Mtt+1 Vr(S; t+1aZt+17<t+1)}

F N I
Sj,t-o—l?PJat’NJJ

subject to

Kj = Kju(1-96) + X,

) P; P;
Div;, = P%;Y;t —WiNj; — X; — R <#) +
=

B
L L
+ QL <Zwb[’bu t+1 +/ Lf,j,t+1df) Zwb w2 —/ ﬁ”df
t

b=1 0

and subject to the demand for intermediate goods (14). Each firm takes the loans’ market
price Q1 as given and finances itself through internal financing (production) and external

financing (loans from banks). The first-order condition with respect to N;, (after imposing

11



symmetry among firms P;; = P;) is
VVt = thN(ZtaKtth)7 (15)

where T'; is the Lagrange multiplier on the demand constraint (14). The first-order condition

with respect to K41 (after imposing symmetry among firms) is
1 =1, [Mft+1 (1 + Dor [ (Zisa, Kiga, Newa) = 6)] (16)

The first-order condition with respect to Ly j 11 (or L j.11) (after imposing symmetry among

firms), is
Qua =T, M, - T (17)

The first-order condition with respect to P;,; (after imposing symmetry) yields the following

expression for I'
[1— 04067,V — R ()1, + By M7 R (1) ] =0, (18)

which is a standard New Keynesian Phillips curve (NKPC).

3.4 Banks (Deposit Demand and Loans Supply)

The economy is populated by a fringe and B non-zero mass banks. The fringe takes interest
rates Qp+ and @, as given and allocate deposits Dy, to firms in the form of loans Lz, up
to a capacity constraint Ly, < L ¢ where, in equilibrium, this constraint always binds. We
view the big banks as a succession of decision makers—one bank b at each time t—with No
Commatment to future realized policies. Each bank at time ¢ determines the current level of
loans and deposits issued — by best responding to the other banks — that will be inherited
by the future banks as state variables. In this setting, the banks thus faces two sources of
strategic interactions, namely they play a game against their future selves and against the
other banks. In this context, each bank b’s real dividend is given by:

. L M, D
Divy;, = wy el QriLly i1+ b QrriMp 1 — AN QpitDpis1 | - (19)
Ht Ht Ht
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Hence, for each bank b, the net present value of real dividend net of quadratic equity issuance
cost AP(Divy,) = I[Divy, < 0]AgDivj, reads:

Eo Y MP, ;- (Divy, — AP(Divy,)) . (20)
t=0

We focus on a symmetric Markov-perfect equilibrium and denote the state of the economy
at time ¢ by X, = ({ Dy}, {Loi}E.,, Kty Zi, (). In this environment, let all future banks
set their policy according to functions CH(X,), CP(X,), CF(X,), N(&,), T(X,), Dy(X,),
Ly(X,), and K(X;). Each current bank b takes these policies of future players as given, and
understands that it can only influence future players’ actions through its current policies
(which will be state variables for the future players). As these functions are unknown, we
are looking for the solutions of a fixed-point problem. By construction then, as the policies
are time-invariant functions of the current state X}, these policies are time-consistent.

In this context, let W;(X;) be the present discounted value of each bank real dividend
(20) as associated with the policy functions introduced above, given the state of the economy
X;. With this notation at hand, each bank b at time ¢ “directly” chooses deposits demand
and loan supply (Dp 41, Lps+1) — which “indirectly” pin down (Qp, Q¢ Kiy1, ) through

all households and firms constraints — to maximize
Divy,; — AP (Divyy) + E | MP L Wi (Xig) | (21)

subject to the dynamic deposit supply and the dynamic loan demand systems specified
below and given that inflation is pinned down by the Taylor rule (6), where we assume

that banks take as given their shareholders current and future stochastic discount factors

{Mgk,wkﬂ}i“;o‘

Deposit Demand System The dynamic deposit demand system is given by the deposit
supply Eulers:

ue(CP)Qps — BT, [SP(Xpj1)] = 0 (22)
ue(CEYWs = va(Nf) = 0, (23)

with attached Lagrange multipliers (D;, D) and where we define SP(X,11) = u(CF(Xy1)) -

II.',. Furthermore, CP and W, can be substituted away using the entrepreneur resource
t+1 ¢ Y g

13



constraint and the firm labor demand:

Bty

D Dy,
C I/VtN + Zwbi — Qb Z WDy g1 +Wp—> H —QpawyDyyia, (24)
t t

Wt — thN(Zt7Kt7Nt>‘ (25)

Loan Demand System The dynamic loan demand system is given by the loan demand
Eulers, the investment Euler, and the NKPC:

UC(C}E)QM BIE, [ (Xt—i-l)} =0 (26)
ue(CEYW, — 0 (NfF) =0 (27)
u(CF) = B |87 (X)) = 0 (28)

(C) (29)

ue(CEY[(1 = 0+ 0T,) Y, — R (T)IL] + SIE, [Sﬁ“(xm)] —0, 29

with attached Lagrange multipliers (£;,£7, LK, £1) and where we define

SL(XH-I) = Uc(éE<Xt+1)) : Ht_+11
8 (Xi1) = 0l O (X)) - (L D i) e (Ze, Ko, N(Xir)) )
S (K1) = e(CP (K1) R (Mg 1)y

Furthermore, CF and W; can be substituted away using the entrepreneur resource constraint

B
L Ly
Cf =WiNF +Y, + QLtZWbth—H - z:Wbﬂ + QrwsLypir — Wfft - WiNy — X — @ (ILy)

b=1

(30)

and the firm labor demand. Given these substitutions, there are nine first-order conditions

with respect to M,,,, and

(Db,tJrl? Lb,tJrla QD,ta QL,ta Kt+1? Ft7 NtD7 NtE)

The first-order condition with respect to M, reads

QM,t(l - gt) [Mttﬂ t+1<1 - 5t+1)] ) (31)

where & = AE, (Divy;). The remaining eigth optimality conditions are Generalized Euler
Equations as they feature derivatives of future policies (CH(X,), CP(X,), CF (X)), N(X,),

14



T(X,), Dy(X,), Dy(X:), Ly(&,)) that the current banks take as given, with respect to the
current strategies. All eigth first-order conditions are reported in Appendix A.

The six first order conditions with respect to (Qp, Qrs, Kiy1, [, NP, NF) yield analyt-
ical expressions for the six Lagrange multipliers (D, Ly, LE, £I1, D L1'). Substituting these
six Lagrange multipliers in the first-order condition with respect to Lj 41 yields an implied
best response function for bank b, which we denote as Eg (X;), given all other bank current
strategies L' ,(X;) and given all banks future strategies Ly(X;41). A similar logic can be ap-
plied for deposits. Given that all banks are symmetric in equilibrium, we impose symmetry

ex-post to find the fixed point such that
Vb: DI(X) = DL (&) = Dy(X1) and L&) = Ly (&) = Ly(Xipr).  (32)

Markov-Perfect Equilibrium In this context we focus on a Symmetric Markov Perfect
Equilibrium in the sense that we look for symmetric strategies not only among banks within
the same time period but also throughout time, i.e. equation (32) holds. More formally, a

symmetric MPE consists of a set of six policy functions

(Dy(X), L), Qo (X)), Qra(Xy), K(), (), N () (33)

that satisfies the GEEs (34)-(36) and, simultaneously, all constraints of problem (40).

Proposition 3.1. In a Symmetric Markov Perfect Equilibrium, the price of deposits satisfies

the following Generalized Fuler equation:

Qoa (1= &+n) = B [Myp I (1= &) (34)

Qure(1-E)

which can be interpreted as a dynamic markdown rule where n® is the inverse price elasticity
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of deposit supply, defined as

aQDt Db t+1 ( _ 68D<Xt+1)
= 2 — Dy wee(CP + QpLPE | —a— 35
Ty 9Dp1r1 Qpy i | Uee(Cr )@t QD,tﬁ t ODyros (35)

asﬁ_(xm)}
0Dy 141

88£K<Xt+l>]

- EtQB}tBEt |:

- EFQB}tﬁEt ODp141

ast“wm)]

HECE | T,

— D' Wittee(CP),

where Dyy1 = wyDyyrq. Similarly, the price of loans satisfies the following Generalized

FEuler equation:
QL,t (1 — gt + 77tL) = Et [Mft+1].—.[;1<1 — gt-i—l)]a (36)

J/

-~

Qe (1-E)

and where n* is the inverse price elasticity of loan demand, defined as

0QrL+ Lyt ( _ {085(2@“)1)
L — ot 20 e e (CF —Q7lBE, | =Y 37
h 0Lyt Qry | el GO) Qe QL’tﬁ ' OLyt11 (37)
OSt" (x
2 (wec?) - @ptpm, |25 ()
aLb,t—i—l
OSE" (X,
— LM e (CE) ke + Q1 LB, (Xr11)
’ OLy 41
OSP(X
+ DtQZ,ltﬁ]Et {%}
b,t+1

- ‘C?VVtUCC(CtE)v

where Ly 11 = wLy 11, ke = (0—1+401,)Y;, and all Lagrange multipliers (Dy, Ly, LK, L1, D L7
are given by equations (49)-(54) reported in Appendiz A.

Risk Sharing and Perfect Competition In the perfect competition case, we introduce
an infinite number of banks, B — 00, each with mass limp_ oo wy = B~' = 0, hence we
implicitly normalize the total mass of banks to 1. In this limiting setting, banks do not
internalize the effects of their actions on other agents but instead take them as given. As

a result, we obtain limp_,o 7P = limp s n’ = 0. The GEEs (34)-(36) then simplifies to
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Qpt = Qi = Qry, which—through the Euler equations (8) and (17)—yields a standard

risk-sharing condition:

E [Mftﬂn;rll} = E, [Mftﬂﬂ;rll] = E [MEtHH;rll] (38)

between depositors, bankers, and entrepreneurs. We use this perfect competition case as

a benchmark in the quantitative experiments presented in Section 4.

In light of this consideration, a natural question arises: How is the risk-sharing mechanism
distorted in the case of imperfect competition in the financial intermediation sector? We can
use the GEEs (34)-(36), combined with the Euler equations (8) and (17), to derive the

following general expression:

[Mtt+1 t+1} (1 +mn ) E, [Mtt+1 t+1] E, [MttJrl t+1] (1 +mn )

which reveals that the risk-sharing mechanism is distorted by the elasticities (35) and (37).
In our model, banks act as intermediaries, exercising market power on both sides. On
the deposit side, they hold oligopsony power (n” < 0)—that is, because there are few banks
competing for deposits, they can offer lower deposit rates. On the lending side, they exert
oligopoly power (nF > 0), meaning that the few banks that lend can charge higher rates to
entrepreneurs compared to the perfect competition benchmark. Although these elasticities
are difficult to sign analytically, it is always the case in our simulations that ” < 0 and
L'> 0. Assuming these signs hold, in a setting with few strategic banks, the risk-sharing

condition becomes:
[MtDH—IHt-i-l] > E, [Mtt—l—l t+1] > Eq [Mtt—i—l t—i—ll] : (39)

The practical implication is that depositors are effectively under-compensated for the liquid-

ity they provide, while entrepreneurs are over-charged for the liquidity they are provided.

4 Quantitative Analysis

In this section, we leverage our equilibrium definitions and characterization to solve the
model numerically. We calibrate the model and explore the implications of double-sided

market power for the transmission of monetary policy shocks.
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4.1 Solution Method

We begin this section by briefly discussing our global solution method.

Markov Perfect Equilibrium. First we solve for the deterministic steady state without
market power. In the deterministic steady-state the level of loans L is undetermined so we
just calibrate the value as explained below. We build grids for X; around the steady state
and approximate the shocks processes with Markov chains using the Rouwenhorst method.
Hence, we solve for the Markov Perfect Equilibrium using projections methods — a grid-based
approximation for each policy function combined with piece-wise trilinear interpolation—
and the fixed-point iteration algorithm. In particular, we start with a guess for the policy
functions (Dy(X,), Ly(X,), Qp.i (X)), Qro(X), K(X,),T(X,), N(X,)) that coincides with the
solution of the policy functions that solve the perfect competition case. Given this candidate
policy functions, we obtain the implied policy functions by solving at each point in the grid
all constraints of problem (40) and the GEEs (34)-(36). We approximate the derivatives of
the future policy functions contained in the GEEs (34)-(36) using finite-difference methods.

We repeat these steps until all policy functions converge.

4.2 Calibration

We proceed to describe our choices of functional forms and parameter values, which we report
in Table I. The length of a period is one year with 5 = 0.96 to target an annual real inflation

rate of 2%. We parameterize the utility function as follows: u(C) = (i:: and v(N) = X]\lﬂ_;:,

with 0 = 1 to have log-utility of consumption and 1 = 1 to match a unitary Frisch elasticity
of labor supply. The production function is Cobb-Douglas f(Z;, K;, N;) = Z, K¢ N} ~*, where
the capital share o = .4 is set to match a labor share of 60%.

We set the price elasticity of demand 6 to 7, which is a standard value used in the
literature. The Taylor rule responds only to deviations from the steady state inflation rate.
We set the steady state inflation rate to 2 percent, which is the a standard annual inflation
target. The parameter ¢, which governs the strength of the nominal rigidity, is set to 50 to
render the slope of the NKPC 0.0413 in line with the range of values in Clarida, Gali, and
Gertler (1999).

We calibrate the number of banks B to 5 to reflect the elevated concentration of the
banking sector in Europe and the fringe capacity constraint parameters L to .2 to match a
steady-state market share of the fringe of 20%. Given that the total value of loans BL + L;
is set to 1.2 — to match a 30% loan-to-GDP ratio — this yields L = 0.2. Hence, the big 5
banks have roughly 80% of the total market share in the steady state.
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Table 1.

PARAMETER VALUES

Parameter Value Target/Source
HHs Discount factor B 0.96 2% annual real interest rate
Risk aversion 0 1 Standard value
Frisch elasticity n 1 Standard value
Banks Number of banks B 5 High concentration in Europe
Fringe capacity constraint Ly 2 20% steady-state market share
Steady state loans BL+ L 1.2 30% loan-to-GDP ratio
Firms Capital depreciation 1 .1 Standard value
Capital share « 4 60% labor share of income
Nominal rigidity %) 50 Slope of the NKPC
Price elasticity of demand 0 7 Standard value
Persistence of TFP shocks Pz .909 Khan and Thomas (2013)
Std. dev. of TFP shocks Ong .014 Khan and Thomas (2013)
Central bank  Annual Inflation Target I 1.02 2% annual inflation
Monetary policy response to inflation br 1.5 Taylor (1993)
Persistence of monetary policy shocks pe .1 Smets and Wouters (2007)
Std. dev. of monetary policy shocks one .003 Smets and Wouters (2007)

Notes: The table reports the parameter values.

4.3 Transmission of Monetary Policy Shocks

We illustrate the model workings through conditional dynamics following negative and posi-
tive monetary policy shocks. The left panel of figure 3 shows the effects of monetary expan-
sion followed by a reversion back to the original level and the right panel shows the analogous
monetary contraction dynamics. We contrast this to the perfect-competition benchmark,
which is nested in the baseline model as the number of banks (B) goes to infinity. In both
cases, a dynamic oligopoly structure dampens the effects of monetary policy, both on inflation
and on output. As the monetary policy mainly acts through the intertemporal substitution
channel in the benchmark model, the bank’s market power, as well, affects the monetary
policy transmission to the extent that it shapes household consumption-saving choices. In
the perfect competition benchmark, output increases immediately following the monetary
expansion (left panel) and there is a gradual capital buildup during the low interest rate
period, which leads to the propagation of the shock over time. In the benchmark model, the
cut in the interbank rate is completely passed through to the deposit and loan rates. A fall
in the deposit rate boosts aggregate demand to which firms respond by initially increasing
employment and by gradually building up capital. In the baseline model, such a cut in the
interbank rate is not passed through one-for-one. Instead, banks cut the deposit rates by
more and the loan rates by less (figure 4), leading to an increase in the intermediation mar-
gin. The relative drop in the deposit and the loan rate depends on the respective demand

elasticities, which is an endogenous object in this model. Following the rate cut both output
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and inflation increase by less than in the perfect bank competition case. Yet, aggregate
consumption has a large initial boost, which is mainly due to large banker’s consumption
enjoying higher profit margins. Over time, the bank’s market power in the loan market

results in higher loan rates, which depresses firm investment and capital accumulation.

Figure 3. Conditional Dynamics Responses to MP Shocks
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Notes: The figure displays the dynamics of relevant variables around positive and negative monetary shocks
that increase/decrease interest rates, at ¢ = 0 starting from different levels of TFP.

Figure 4. Intermediation Margins

" [P Shock ¢ [p7
=== TFP Shock Z, !

(a) Period of low TFP with rate cut (b) Period of high TFP with rate hike

Notes: The figure displays the interest rates under the calibrated financial oligopoly around positive and
negative monetary shocks that increase/decrease interest rates, at ¢t = 0 starting from different levels of TFP.
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5 Extension: Market Power with Regulatory Constraints

We use the same notation as section where each bank b at time ¢ “directly” chooses deposits
demand and loan supply (Dp 441, Lp+1) — which “indirectly” pin down (Qp, Qrt, K1, )

through all households and firms constraints — to maximize
Divy; + E [MftHWb(XtH)] ) (40)

subject to the Taylor rule (6), the dynamic deposit supply, and the dynamic loan demand
systems exactly as specified in section 3.4.

In this section, we extend the model to study the interaction between bank market
power and regulatory constraints. Specifically, we assume that banks are subject to a Loan-
to-Deposit Ratio (LDR):

Vb : Lygr1 < - Dy, (41)

with attach Lagrange multiplier £¥ and where 0 < ¢ < 1. Implicitly we assume that banks
cannot lend out all their deposits, ensuring they maintain some liquidity. A strict LDR cap
(e.g., ¥ = 0.8) limits credit expansion but makes banks more resilient to liquidity shocks.
This regulatory constraint is effectively an occasionally binding constraint depending on the
state of the economy. In our context, this constraint limits the bank’s ability to create loans
endogenously based on deposit inflows thereby dampening banks market power. Under these

circumstnces, the GEEs (34)-(36) assume the following generalized form.

Proposition 5.1. In a Symmetric Markov Perfect Equilibrium, the price of deposits satisfies

the following Generalized Fuler equation:
Qpe (L= & +17) = Qua(l = &) + 0L, (42)

where the inverse price elasticity of deposit supply nP is given by equation (35) and the price

of loans satisfies the following Generalized Euler equation:

Qui (1 =& +nf) =Qui(1 - &)+ Ly, (43)

and where nF is given by equation (37) and, as in the baseline, all Lagrange multipliers
(Dy, Ly, LK, LY DR L) are given by equations (49)-(54) reported in Appendiz A.

We now analyze the case of perfect competition and risk-sharing mechanism as we did

for the baseline.
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Risk Sharing and Perfect Competition In the perfect competition case, we introduce
an infinite number of banks, B — 00, each with mass limp_,ocwy = B~ = 0, hence we
implicitly normalize the total mass of banks to 1. In this limiting setting, banks do not
internalize the effects of their actions on other agents but instead take them as given. As a
result, we obtain limp o 7P = limp_ o n = 0. The GEEs (42)-(43) then simplifies to

(1—&)Qps— VLY = (1 — E)Qurs = (1 — E)Qry — LY,

which—through the Euler equations (8) and (17), the fact that the Karush-Kuhn—Tucker
conditions require E}f > 0, and that we assume v to be strictly smaller than 1 and that

(1 — &) > 0—yields the risk-sharing condition:

By M0 > By (M T > By (MG TT (44)
We use this perfect competition case as a benchmark in the quantitative experiments pre-

sented in Section 4.

How is the risk-sharing mechanism distorted in the case of imperfect competition that

interacts with regulatory constraints? In general, the GEEs (42)-(43) imply that
Qpy-(1=&+n’) — WLy = Quy = Qri(1—&+n) — Ly,

which encapsulates how the risk-sharing mechanism is distorted by both market power —
through the elasticities (35) and (37) — and through the regulatory constraint captured by
the term T';. In our simulation, it remains true that n” < 0 (oligopsony power) and nf > 0
(oligopoly power). Assuming these signs hold, in a setting with few strategic banks, the

risk-sharing condition is:
E, [MEtHH;:J > K, [Mft-l-lntikll} ) (45)

The practical implication is that depositors reamain effectively under-compensated for the
liquidity they provide, while entrepreneurs are not necessarily over-charged for the liquidity
they are provided. If the regulatory constraint term £f does not exceed the market power
term antL —l.e. Ef < QLJntL — then

1D [MftJrle;ll} > E, [Mftﬂnl;ll} ’

which yields a risk-sharing condition similar to that of the baseline in ordinal terms. Vicev-
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ersa happens when £ < QpnF.

6 Conclusion

In this paper, we examine how intermediary market power influences the transmission of
monetary policy within a New-Keynesian framework featuring a finite number of banks with
two-sided market power. By modeling banks as dynamic platforms with both oligopoly
power in the loan market and oligopsony power in the deposit market, we characterize
equilibrium through coupled generalized Euler equations, leading to endogenous mark-ups
and mark-downs. Our findings highlight that increased banking sector concentration in the
EU dampens and shortens the effects of monetary policy shocks on inflation and output.
These results underscore the importance of market structure in shaping policy effectiveness,

with implications for financial regulation and competition policy.
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APPENDIX

A Mathematical Appendix

We derive the first-order conditions in generic form for both the baseline and the extension.
In the baseline, Eip = 0 since there is no regulatory constraint. In the extension, Eff’ needs
to be determined endogenously state-by-state using the Karush—Kuhn—Tucker conditions.
Note that the envelope conditions read W, p, (X;) = —II; (1 = &), Wy, (X)) = ;1 (1 = &),
and W, (X)) = 0.

The first-order condition with respect to Db,tﬂ = wDp g1 IS

Qpall = &) + By | MP, Wo i, (X1)| = Diuee CP)Q, = Dituee( CPIWiQs — L1 (46)

OS*(Xit1) 08" (Xi11) 08" (Xpar) | _ 0
0Dy 441 0Dy 111 0Dy 111 '

ASP(X,11)

_ + LI'BE
0Dy 41 e

— DifE, [ ] — LifE, { } — L] BE,

The first-order condition with respect to [_/b7t+1 =wyLpy is:

- QL1 -&)+E, [Mft+1Wb,Lb(Xt+1):| + (EtQL,t + ﬁtK + EPHt + E?Wt) Ucc(CtE)QL,t + ﬁ;p

(47)
68”(?@“)} [88‘(?@“)] K 0S8 (Xy11) 1 0S8 (X,11)

— DR, | —=—F2 | — L8R, | —=" | — LEBE, | —=—" | 4 U8R, | ——— | =0,
o [ ALy IE ALy v B ALy 141 v OB ALy 1
(48)

with k; = (1 — 0+ 61,)Y;.

The first-order condition with respect to Qp, is:

B B
Db,t+1(1 — gt) + Dt <U0<CtD) — UCC(CtD) Z Db’t+1> — D?UCC<CtD)Wt Z Db7t+1 =0. (49)
b=1

b=1

The first-order condition with respect to (r; is:

B B
- Eb,tJrl(l - gf) + ‘Ct (uc<CtE) + ucc(CtE> Z Lb,t+1> + E?ucc(CtE)Wt Z Eb,t+1 =0. (5())

b=1 b=1

25



The first-order condition with respect to K, is:

— (LiQua+ L + Ll + LIWL) ee(CF) + By [ MF Wi se(Xi1)] (51)
33D(Xt+1)] {88‘(Xt+1)] K G m 0SE" (Xy11)
—DPE, | ———| - LOE, | ——————— | —L'PE, | —————— | + L PE, | ———————2| = 0.
el { Ko e T el T Rl o

The first-order condition with respect to I'; is:

Dtucc(CtD)QD,th(Zh K, Nt>NtD + D?ucc(C’tD)Wth(Zt, K, Nt>NtD + Dtnuc(CtD)fN(Zb Ky, Nt)
(52)

+ (LQre + L+ Lk + LYW,) Ucee(CF) N (Ze, Ky, Ny) N

+ LPuc(CF) fn(Ze, Ky, Ny) + L119Y,uo(CF) = 0.

The first-order condition with respect to NP is:

Dttee (CPYQp T fn(Zs, Ky, Ny) + Ditee (CPYQp Ty fun (Zi, Kiy N ) NP (53)
+ D uce(CPYWiT fn (Zs, Ky Ny) + D uee(COYWT fyn (2, Ky, Ni)NP
(90

+ D} u.(C, ) 1NN (Z, Ky, Ny) — Dn“nn(ND) aND

oW,
ONP

(ﬁtQLt —+ EK + ﬁnlit -+ ﬁnWt) UCC(CE)

oY,

GND + [' (OE>

=0.

+[, litY UC<CE)

The first-order condition with respect to NE is:

Dytiee(CP)Qp Lo fn (Ze, Kiy No) NP (54)
+ D (COYWAL fyn (Z, Ky Ni) NP

8C’E
+ Dnuc( ) thN(Zta Kta Nt) E?Unn(NtE) 3NE (ﬁtQLt + ﬁ + [’H/ft + EnWt) ucc(CE)

Y,
ONF

+ L'k, Yt (CF) =0.

Derivation of the Multipliers

We rearrange the last six first-order conditions to get closed form expression for the multi-
pliers (Dta Eta Ef{, EP, D?, ;C?)
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(D) FOC with respect to Qp;:

B
D, H(1=&)+D, <Uc( — Uge( CD Z Db,t+1)
b=1
— DZL 'U/CC(OtD)Wt Z Db,t+1 =0. (D)
b=1

Rearranging (D), we have
B B
(UC(CD — Uee(CP) ZD t+1> Ucc(CtD)M(Z Db,t+1> Dy = —Dypiy1 .
b=1 b=1

Thus, if we define

B B
C11 = UC(CD Ucc OD Z Db,t+1, Ci5 = _ucc(OtD)Wt Z Db,t+1a by = —Db,t+1(1 - gt)a
b=1 b=1

the first row of the system is
C11 Dt + C15 D? = b1 .

(L) FOC with respect to Qp:

B
t+1> + L} ucc(CtE>Wt Z Eb,t—i—l =0. (L)
b=1

Mm

_I/b,t—l—l(]- — gt) + £t (UC( + ucc OE
b=1

Rearranging (L), we obtain

Mm

t+1> Ly + tee( CE Wt( t+1> L} = [_/b,t—i-l .

le

(uC(C’E + g (CF)

b=1

Thus, with

B B
o = U(CF) + e (CF) Z Litr1, Cos = uee( CF YW, Z Lyiy1, bo=Lya(1—&),
b—1 b—1

the second row of the system is

Cog Lt + co6 L = by
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(K) FOC with respect to K, ;:

- (»CtQL,t + L5+ L R+ E?Wt> Uee(CF) + By [Mft+1 Wb,K(Xt-&-l)}

857’()@“)} {5‘5%()@“)] K OSE" (X11)
D, BE, | L2 e g, |Z2 U g | 90 et
de t[ 0Kiiq e PR 0K v OB 0K 41
S (Xs1)
nsR )| g
+£t /8 t 8Kt+1 O

Rearranging (55), we write
ISP (X, 1)

—BEy|—————|D

oe| e | o

9S* (X1
- (QL,t ucc(CtE) + BE; {aK—t—H} )ﬁt
OSE" (Xyin)

— (uCC(C’tE) + /B]Et 8Kt+1

)t

0S8~ (Xi41)

+ (08| T

— Ky ucc(CtE)> EtH

- W, ucc(CtE) Ly +E, [Mft—irl VNVb7K(Xt+1)} = 0.

Thus, the nonzero coefficients here are

OSP (K1)
= —FBE|—17
C31 ﬁ t|: 8Kt+1 ] ) £< )
0S* (X,
e = —(QuyuelCE)+ E{—“} |
0 = —(QuiuelCP) + 9B =)
S (X41)
_ E
C33 = (ucc(ot )+ ﬂ]Et - 5’Kt+1 )7
OSE" (Xiy1) .
C34 = /BEt 8Kt+1 _Ktucc<0t ))
C36 — _Wtucc(CtE)a

and we set
b3 == —Et [Mft—i—l Wb,K(Xt+1):| .

28



(LK) FOC with respect to I';:

D, Ucc(CtD)QD,t fN(Zta K, Nt) NtD + D? Ucc(OtD)Wt fN(Zta K, Nt) NtD
+ D} u(CP) fn(Ze, Ky, Ny
+ <£tQL,t + ﬁ{( + E? K + E?Wt>ucc(ctE) In(Ze, Ky, Ny) NtE

+ LM u (CF) fn(Zy, Ky, Ny) + L]0 Y u (CF) = 0. (LK)
Dividing (LK) by fx(Z;, Ky, N¢) (which we assume is nonzero) we write

uCC(CtD>QD,tNtD D, + <uCC(CtD)WtNtD "’uC(CtD)>D
+ UCC<CtE)QL,tNtE L+ UCC(CtE>NtE Lf(
+ (litucc(Cf)Nf +0Y; uC(CtE)/fN) Etn + (ucc(Cf)WtNtE + uC(CtE)) Ly =0.

Thus, the nonzero coefficients are

Cy1 = ucc(CtD)QDtNtDa

Cg2 = ucc(OtE)QL

ci3 = ue(CP)NE,

cu = ket (CP)NF +0Y,u (CF)/ fx,
s = U CPYWNP +uc(CP),

cas = U CEYWINE +ue(CF),

(ND) FOC with respect to N/:

D, ucc(CtD)QD,tFt fN(ZtaKtaNt)

D, ucc(OtD)QD,tFt fNN(ZtaKm Nt) NtD

Dy ucc(CtD>WtFt In(Zs, Ky, Ny)

D} uee(CPYWLy fun (Zy, Ky, Ny) NP

D} uc(CP)Ty fyn(Zi, Ky, Ni) — Dy vnn(N])
e (£Qua+ LI+ L+ LW, ) e CF)

L' kY ue(CF) gl + L7 ue( CF) 5 =

+ o+ o+ 4+ o+
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Thus, we identify

Cs1 = ucc(CtD)QD,tFt<fN+fNNNtD>7
es5 = el COYWAT(fiv + funNP) + uel COT o fron = van(NP),

oCcE
Csa = TtD QL uee(CF),
Cs3 = 8ND U’CC(CE)
e = 2%y un(CF) 4y Y ua(CF) 2%
54 — 8NtD Rt Uee + Rt uc( t )BNtD’
ocE
Csg — th UCC(O ) +'UJC<CE)§]€%,

(NE) FOC with respect to NF:

Dy uCC(C'tD)QD,tFt Inn(Zy, Ky Ny) NtD
DI oo (CPYW, Ty fan(Zy, Ky, Ny) NP
D uo(CP)Ly fun(Ze, Ky, Ny)

cr (‘%‘tE Wttee(CF) — v,m(NE)>

ONE
i (Ltcg“ LK 4 L + E”Wt>ucc(C’E)

LMk Y, uc(C’E)a%/g = 0.

+ o+ o+ o+ 4

Hence, we define

ce1 = Uee(CP)Qp Ly fnn(Zy, Ky, Ny) NP,
s = e CPYWILy fon(Zy, Ko, Ny) NP + ue(CP)Te fun (Ze, Koy Ny),

ocE
C62 = HNF QL uce(CF),
9CE
Ce3 = aNE U’CC(CE)
OCE
Cea = 8NE K ucc(CE) ot UC(CE) 8]\7%127
Ce6 — 3NtE Wtucc<OtE) - Unn(NtE)7
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Collecting all six rows we obtain

That is, if we define

then we have

with

Ci1
0
C31
Cq1
Cs1

Ce1

0
C22
C32
C42
C52

C62

0
0
C33
C43
Cs3

C63

C34
Cq4
Cs4

Ce4

5 0 D,
0 ¢ Ly
0 C36 E{(
C45 C46 ﬁ?
Cs5  Cs6 Dy
Ce5  Co6 Ly
D,
Ly
Ly
)
Ly
Dy
Ly
Ax=Db,
o
Lyt

—Ey | ME, Wy (Xisn)

0
0
0
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