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NETWORKS WITH DECREASING RETURNS TO LINKING

by Filippo Vergara Caffarelli*

Abstract

This paper presents a model of non-cooperative network formation in which the
marginal benefit of new links eventually decreases. Agents link with each other to gain
information and update their links according to better-reply dynamics. In the long run the
system settles to a unique network architecture that consists of a constellation of starred
wheels. This is reminiscent of some real-world features. Collections of smaller disjoint
networks connecting only a few agents are more common than global networks connecting
all the agents in a community. Differences within a connected component such as the centre
and the periphery are established.
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1 Introduction!

A network formation game is presented in this paper. This is a non-cooperative
game in which agents individually decide whether or not to build links with other
agents. Economic investigation into network formation and interaction between
networked agents can be divided into two branches. The first takes the network
structure as exogenous and studies the interaction of linked agents given the
network. Local interaction and peer pressure are examples of agent interaction
within given networks. This research agenda on “static networks” was developed
both theoretically and empirically.? The second branch of investigation focuses on
changing networks and adopts a game-theoretic approach to analyse the dynamic
process leading to the formation of the actual network. Goyal [23], D’Ignazio and
Giovannetti [14], Jackson [35] and [36] and Vega Redondo [59] provide clear and
up-to-date overviews of this literature.

Game-theorists initially focused on cooperative network formation.®> The co-
operative feature is the fact that if one agent wants to link to another then the
former needs the agreement of the latter, i.e. the two must cooperatively agree on
being linked. This literature comprises Dutta and co-authors ([15], [16]), Jack-
son and co-authors ([2], [37] and [38]), Kannan and Sarangi [39], Slikker and
co-authors ([53], [54] and [55]), Tercieux and Vannetelbosch [57] and Watts [61]
among others. The cooperative approach is helpful in many contexts in that it
is not a limitation to assume that the agent who receives a request to be linked

may veto it.

! This paper is based on the first chapter of my Ph.D. dissertation at the European University
Institute. A preliminary version circulated as [60]. It benefited from helpful comments by Karl
Schlag, Steffen Huck, Antonella Tanni and seminar participants at GAMES 2004 (Marseilles),
University of Alicante and Bank of Italy. The views in this paper are those of the author and
do not necessarily reflect those of the Bank of Italy. The usual disclaimer applies. E-mail:

filippo.vergaracaffarelli@bancaditalia.it.
2Within this literature see for example Calvo-Armengol and Jackson [7], Ellison [18] and

Tesfatsion [58] which are theoretical papers and Bertrand et al. [5], Case and Katz [8], Ichino

and Maggi [33] and Rauch and Casella [51] which are empirical works.
3See Myerson ([46], [47] p. 448) and Qin [50].



The stream of literature to which this paper belongs began with Bala and
Goyal [1] (henceforth BG) who focus on the importance of non-cooperative in-
centives for network formation. BG innovate the literature by modelling self-
interested boundedly-rational agents who can unilaterally decide whether to build
or sever a link. Their predictions depend on the relative cost of a link and on
whether information flows in one direction only or in both directions through
the links.* In every time period BG’s agents select the best response given the
current network. It is noteworthy that both with one-way and two-way informa-
tion flow, the BG non-empty steady-state networks connect all the agents in the
population.

Goyal and co-authors ([4], [22], [24], [25] and [26]), De Jaegher and Kamphorst
[13], Haller and Sarangi [30], Hojman and Szeidl [31] and Larrosa and Tohmé
[40] present applications and extensions of this framework. Falk and Kosfeld [20]
experimentally test BG’s model both with one-way and two-way information flow.
The predictions of the one-way flow model can be replicated in the laboratory
while those of the two-way flow model cannot.” Also Corbae and Duffy [11]
examine experiments involving endogenous networks.

Fagiolo [19] and Ehrhardt et al. [17] present models of neighbour interac-
tion with endogenous networks. Currarini and Morelli [12] and Mutuswami and
Winter [45] develop a mechanism-design approach to characterise the mechanism
achieving efficient networks.

Networks, local and group interactions are of interest in all the social sci-
ences. Historians for example use networks to analyse behavioural and power

relationships between agents in order to have a better understanding of the micro-

4The non-cooperative nature of BG’s model allows for the study of the effect of alternative
assumptions on the direction of the information flow while in the cooperative approach the
focus is on bilateral flows.

Falk and Kosfeld [20] observe that fairness considerations (Fehr and Schmidt [21]) may
explain these results. Fairness is defined as inequality aversion, hence BG’s two-way information
flow equilibria —which are (pay-off) asymmetric— are not fairness-compatible while equilibria

with one-way information flow are symmetric and hence fairness-compatible.



determinants of historical events.5

The observation that it is extremely rare that real-world networks connect all
the individuals in a society motivates this research. In fact there are two main
features that arise in the real world. Agents are usually connected locally and
not globally with the whole community. Often they are also partitioned in a core-
periphery dichotomy where agents in the core are usually better off than those
on the periphery.

This paper develops an extension of BG’s model with a one-way information
flow. The homogeneous agents in the network bear the cost of the links they
sponsor. The agents’ utility derives from the information received from other
players through the network. This is modelled as a concave, non-monotonic
function of the number of observed agents, but it does not directly depend on
the number of each agent’s sponsored links. The shape of the utility function
implies that there are decreasing returns to linking. We model congestion or costly
network maintenance by decreasing returns where a marginal link ultimately
reduces agent utility.

At each stage the agents play the network formation game, each of them with
a probability of maintaining the strategy implemented in the previous period.
Active agents change their current strategy only if they switch to another strategy
that improves their current payoff. So the analysis is based on the better-response
dynamics.

The essential difference between this paper and BG is the presence of decreas-
ing returns to linking. This implies that the marginal benefit of every additional
(direct or indirect) link is a decreasing function of the total number of observed
agents, while the marginal cost is constant. Furthermore, observing too many
agents eventually becomes a bad. Hence there exists an optimal number of agents
that each player wants to observe. So that while every additional connection will
initially increase (at a decreasing rate) each player’s payoff, eventually too much
information will reduce it.

One-way information flow is a controversial assumption as it is rarely observed

6See Padgett and Ansell [49] and Lipp and Krempel [43] among others.



in real-world economic interactions. However, the internet, industrial espionage
and scientific literature may provide examples of one-way information flow situa-
tions. There is also a stronger motivation for such an assumption that rests in the
observation that even in case of mutual information exchange, the flow is often
asymmetric with one partner receiving more information than the other. One-
way flow can then be seen as the extreme case of such asymmetric information
flows which are actually extremely common.

The main results are as follows. The dynamics converges in finite time to a
unique limit set. The basic component of the absorbing state architecture is a
starred wheel where some agents form a wheel” and others are linked to the wheel
“from outside”. Limit networks consist of disjoint components each of which is
characterised by the fact that some agents (who are in the wheel at the centre of
the network) enjoy a higher payoff than the peripheral ones — in fact the maximum
payoff attainable. While all the outside agents observe the central wheel, they do
not observe each other.

The results of this paper are in line with the real world features mentioned
above: limit networks are local rather than global and, in the absorbing state,
agents are partitioned between a centre and the periphery. All the starred wheels
have the same dimension. This means that the number of agents in the central
wheel is the same for all the components of the limit network. The number of
peripheral agents connected to each of these wheels may however vary. Social
welfare — as measured by the sum of agents’ payoffs — increases with the number
of disconnected components in the limit network.

A simple comparison between the limit networks obtained here and those of
BG shows the impact of the introduction of decreasing returns to linking. As
we are considering the one-way information flow, let us recall the two networks
that are absorbing states in this case of BG’s analysis: the (global) wheel and the

empty network.® BG’s dynamics settles to a wheel for low values of the unitary

"Given a (sub)set of agents the wheel is a network that connects all of them, each of whom

has one link to one other and is only linked by a third (different) one.
8This network is obviously characterised by the absence of any link between any two agents.



cost of a link and to the empty network for high values of the cost, while both
networks are absorbing states for intermediate values of the cost of a link. BG’s
analysis is a special case of the model presented in this paper: there are constant
returns to linking. For a small population size BG results hold even in the presence
of decreasing returns to linking. In general the bigger the population the larger
the number of disconnected components in the limit networks. In addition in
BG’s limit networks all agents receive the same payoff while central agents in a
starred wheel are better off than peripheral ones.

Of particular interest is a comparison of the results of this paper with those
of De Jaegher and Kamphorst [13] and Hojman and Szeidl [31]. They present
some results which have a similar flavour, building on different assumptions to
those used here. Both papers restrict the analysis to the case of two-way informa-
tion flow and assume that benefits from connections may not be constant. Their
findings are that limit networks may be characterised by an insider-outsider di-
chotomy but connect all the agents of the population. Also Galeotti et al. [22]
analyse the two-way information flow model and assume that agents are hetero-
geneous and that their heterogeneity is an observable characteristic. They con-
clude that limit networks may be either collections of disconnected components or
characterised by an insider-outsider dichotomy. These three works reinforce the
results of the current paper as they show that absorbing network architectures
similar to ours can also be obtained if information flows both ways through the
links.

The paper is organised as follows. The next section outlines the model. Sec-
tion 3 presents the static analysis and section 4 characterises the absorbing state

networks. Section 5 concludes. The appendices collect some of the proofs.

2 The Model

There is a population of P agents. With a slight abuse of notation let us indicate
with P both the population and its size. Each agent plays the network formation

game. This is a non-cooperative game in which each agent decides whether to



build or sever a link with another agent. Through the links, information flows
to the originating player (the one who built the link) from the target player and
from those the latter has a direct or indirect link to. In BG this is the one-way
information-flow model (with no information decay).

A strategy of each agent ¢ indicates for all agents j j # ¢ whether ¢ has a
direct link to j. It is represented by a vector g; = (i1, - Gii-1sGiit1s-- -, GiP)
of dimension P — 1, where each element of the vector takes value 1 if ¢ has one
direct link to j and O otherwise. We say that agent i observes agent j j # i
if either ¢ built a link to j, i.e. g;; = 1, or there exists a path in the network
that goes from i to j, i.e. there exists a set of agents {ki,..,k,} C P such that
Giks = Gkiks = - = Ghmkmis = - = Jknj = 1. We adopt the convention that
each agent always observes himself.

The set of all strategies for each player is G; = {0, 1}P_1 fori=1,...,P. Each
strategy profile translates into a (directed) network. Both a network and the
strategy profile that generates it are indicated by g € G; X ... X Gp. We write
g = g; ® g_; to stress that the network ¢ is made by combining ¢’s strategy with
those of his opponents.

Consider the following example: P = 4, g; = (0,0,0), go = (0,1,0), g3 =
(1,1,0) and g4 = (0,0,1). Agent 1 has no links. Agents 2 and 4 each have one
link only to agent 3. Agent 3 has two links, one with agent 1 and the other with
agent 2. This network is depicted in the figure below. The arrows indicate the

direction of the information flow (as well as the agent who built the link).

2
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e

Figure 1: Example of a network

1

Let us indicate with ¢ the cost building one link, and p; (g) the number of
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agents that ¢ is directly or indirectly linked with in the network ¢ (including agent
i himself) and with u¢ (g) being the number of links set up by agent 7. In the
example of Figure 1 above iy = 1, ud =0, py = 2, pé =1, p3 = 3, pd = 2 and
py = 4, pd = 1. Note that in Figure 1 the arrows indicate the identity of the
agent who is bearing the cost of the link.

The individual payoff function is a function of the network g which player i
belongs to:

i (9) = u(p; (9)) — epf (9)

where u (+) is the utility of observing agents through the network while c ué (g) is
the cost ¢ pays for his links. We normalise u (1) = 1 which is the utility of observ-
ing oneself only. Assume that u” (-) < 0 and «' (m*) = 0 for some m*, i.e. there
are decreasing returns to linking: the marginal utility of observing an additional
agent through the network is smaller than that of observing the previous ones
(unlike BG). In particular the utility function is bounded from above. In fact,
once the utility has reached its maximum it starts decreasing. So observing too
many agents through the network is a bad. For instance, this might be due to
higher maintenance costs for very large network structures. Alternatively it may
be caused by the difficulty of managing too many links simultaneously (e.g. by
congestion). As a matter of fact decreasing returns to linking not only imply that
the marginal piece of information is less valuable than the previous but also that
it eventually reduces the total utility of information received through the links,
i.e. too much information eventually becomes a bad.

For the sake of simplicity let u (1; (¢)) = 1; (9) [1 — ap; (9)]. Then the payoff

function becomes:

i (91, 9-1) = 1 (9) — cpd (9) — o [1; (9))? (1)

Parameter values belong to the set R

R = {(a,c) € R?

0<a<} 0<e<f-1 ] 2)

which is needed to guarantee that agents have incentives to connect.’ In the limit

9See Proposition 1 below.
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case = 0 the model is the same as that in BG.!°

Let us define N (i, g) as the set of agents observed by i through the network g.
So w; (9) = ||N (i,9)] i.e. p,;(g) is the cardinality of the set N (7, ¢g). Define the
geodesic distance between agents i and j in a network ¢ d (7, j; g) as the number
of links on the shortest path from j to i. If j ¢ N (i,9) set d(i,7;9) = +o0.
Given an agent ¢ in any network g the agent who is farthest away from ¢ among
those he observes is j := arg maxsen( ) d (4, ¢; g). Note that ¢ does not need any
of j’s links to observe anyone in N (i, g), otherwise j would not be farthest away
from 1.

For all g in G we call architectures (equivalent to g) all networks that are the
same as g with any permutation of the agents. We restrict the analysis to networks
that are architecturally equivalent, i.e. identical up to a permutation of the
agents’ indices. Finally we define a network component as a subgraph consisting
only of agents that have links to agents belonging to the same component and
who are not observed by any other agent. Thus a component is a subset of the
network separated from the rest of the network.

Let us now define some special network components. The first component
we consider is the wheel: it consists of a subset of agents who are subsequently
linked to one other so that each of them observes all the agents in the network

component with one link only. Formally:

Definition 1 A network component is called a wheel of dimension n if there
exists ki, .., k, with {ki,..,k,} C P such that ggp,,, = 1 fori =1,..,n—1,
iy = 1 and g, s = 0 otherwise.

The set of wheels of dimension n is denoted by W (n).

1+1

The figure below depicts a wheel with 6 agents.

10 Actually BG present their analysis for general payoff functions.
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Figure 2: A wheel of dimension 6

In a wheel of dimension n the payoff of each agent belonging to this wheel
equals n — ¢ — an?.

Another important network component for the analysis of this paper is the
starred wheel. A starred wheel of dimensions n and m consists of n + m agents,
such that n agents are connected in a wheel, with all the further m agents being
directly connected to the central wheel. The n agents who form the wheel are

called the central agents and the other m are the peripheral agents.

Definition 2 A starred wheel of dimensions n and m is a network component
connecting n + m agents characterised by the following conditions:
1. each agent only sponsors one link, i.e. ué(g) =1 for all i;

2. there exists a permutation of n agents ki, ..., k, such that giy,,, = 1 fori =

i+1
1,...,n—1and gi, p, = 1;
3. for each j ¢ {k1,...,k,} there exists i € {1,...,n} such that g, = 1.

The set of starred wheels of dimensions n and m is denoted by SW(n,m).

We say a starred wheel of dimension n (omitting the number of peripheral
agents) when it is only important to stress the number of agents forming the
central wheel. Figure 3 represents a starred wheel with 4 central agents and 3
peripheral ones.

13
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Figure 3: A starred wheel of

dimensions 4 and 3

If a network consists of starred wheels all of the same dimension we call it a

constellation of starred wheels.

Definition 3 A constellation of starred wheels of dimension m is a network which

can be partitioned into components each of which is a (starred) wheel of dimension

m.

Note that the definition of a constellation of starred wheels of dimension m
only indicates the structure of the network components (starred or simple wheels
of dimension m) but leaves their number undetermined. Recall that the floor of =
is indicated with |x| and is defined as the largest integer smaller than or equal to
x,ie. |x] =max{z € Z:z <z} for all x € R. A constellation of starred wheels
of dimension m can indeed be made of any number of starred wheels ranging
from 1 to L%J and is obtainable from any permutation of the agents provided
that: i) in the network there are only starred or simple wheels; ii) each wheel has
dimension m; and iii) all the P agents are linked. We say the set of constellations
of starred wheels of dimension m to indicate the set consisting of all possible
network architectures that are constellations of starred wheels of dimension m,

attainable given a population P of agents.

14



Not all agents in a network necessarily have links and/or are observed by
someone. We define two special roles that an agent can play in a network g:
the stand-alone and the terminal. A stand-alone is an agent who does not have
any links and is not observed by anyone in the network. Also a terminal has no
links, yet he is observed by someone else in the network. Both stand-alones and

terminals receive the same payoff: 1 — a.

Definition 4 Agent i is a stand-alone if N (i,g9) = {i} and i ¢ N (j,g) for all

j € P\{i}.
Agent i is a terminal if N (i,g) = {i} but i is not a stand-alone, i.e. there exists
k € P\ {i} such thati € N (k,g).

Let us now introduce the definition of a Nash network and of a strict Nash
network. These are the networks generated by strategy profiles that respectively
constitute a Nash equilibrium and a strict Nash equilibrium of the linking game.

Formally:
Definition 5 A network g* is a Nash network if
mi(gF) > 7 (9; S5 gii) (3)

for all i € G; and alli € P.

A Nash network g* is a strict Nash network if equality in equation (3) implies

g; = g! for any agent i in the population.

To illustrate the above definitions consider a population of 9 agents. Set
o = 1—10 and ¢ = %, so that (a,¢) € R. Then we obtain that n* = 5, n = 2 and
n = 8. The following figure depicts a Nash equilibrium network which is not a

strict Nash network.
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Figure 4: A Nash equilibrium network
1

forP:9,a:%andc:5

For instance, in the network presented in Figure 4 above, agent 2 is indifferent

between connecting to 9 (as depicted) or to 6 and player 3 is indifferent between
having a link to 9 (as shown) or to 7.

In the rest of the paper we use the following set-wise solution concept that

extends the strict Nash equilibrium. It is the restriction to pure strategies of

Balkenborg’s [6] strict equilibrium set.

Definition 6 A non-empty set of pure strategy combinations B C Gy X...XGp is
a Pure-strateqy Strict Nash Equilibrium Set (PSNES) if for every strategy profile
o € B, for alli € P and every g; € G;

mi(0) > mi (9 ®0o_s)
where equality implies (g; ® 0_;) € B.

We finally describe the dynamic process. Building on BG and on Ritzberger
and Weibull [52], we consider the dynamics induced when, in each round, a single
random agent is selected who then chooses from among the strategies that make

him better off given that the others do not change their strategies. Formally,

16



Definition 7 In a network g = g; ® g_; g. is a better response to g_; than g; for
i if mi (g ® g-i) > mi(9)-
Agent i’s better response correspondence to the strateqy profile g is indicated by

Bi(9)-

In any time period agents observe the network built in the previous periods.
With positive independent probability v, > 0 each agent will exhibit “inertia”, i.e.
will maintain the strategy played in the previous period. With the complementary
probability 1—-, > 0 the agent will play a better response to the current network.
This induces the better-reply dynamics introduced by Ritzberger and Weibull [52]
and defined below

1 _

i =

(4)

g, € B;(¢g")  with probability 1— -,
9; with probability -,

for all agents in the population.!
A limit network of the better-reply dynamics (4) can be a steady state or
belong to an absorbing set. Thus the dynamics can converge either to a single

architecture or to a closed set of network architectures.

Definition 8 A network § is steady state of the better-reply dynamics (4) if gt =
G; implies that g7 = §; for all i € P.

)

Definition 9 A subset A C G1 X ... X Gp is an absorbing set of the better-reply
dynamics (4) if ' € A implies 't € A.

3 Static Analysis

We first define three special numbers which will have an important role in the

analysis of the linking game. Let us exclude the (zero-measure) case that there

1See also Maynard Smith and Price [44].
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exists an integer ¢ such that a = i.e. « is the inverse of an even number.

1
20417
Then define n* as the integer that is closest to % Formally n* € N such that

*

1 1
n 2a‘<2

The above restriction on the values of the parameter o guarantees that n* is

unique. Further define

N — ’71\ / 14a(c+1a)—‘

2

where [z] is the ceiling of x i.e. the smallest integer larger than or equal to z,
that is [z] = min{z € Z : z > z} for all z € R and

_ 1+4/1-4a(c+1—a)
n = 3
o

where |z] is the floor of x defined earlier.

The following proposition shows the properties of the parameter space
R = {(a, c) € R? !O <a< i,() <c< t — 1}, i.e. that whenever o and ¢ be-
long to the set R, the integers n*, n and 7 are well defined (Part i) and agents

have incentives to link (Parts ii and iii).

Proposition 1 If (a,c) € R the following statements hold:
i)n<m,n<n*andn* <n.
i1) There exists a network g such that w; (g) > 1 — « for some i € P.
ii) Let m € N, then m —c — am?® > 1 — « if and only if m € {n,...,n}.

The proof is in Appendix A. Part ii) compares the payoff of a stand-alone
with that of an agent connected in a network establishing the incentives to link:
it shows that agents have incentives to connect for parameter values in the set R.
Otherwise stand-alones may receive a higher payoff than connected agents. Part
iii) offers an intuitive interpretation of the thresholds n and 7; n and 7 represent
respectively the dimension of the smallest (profitable) wheel and of the largest
(profitable) wheel which no member has any incentives to break. Part i) ensures
that the dimension of the largest profitable wheel is greater than the dimension

of the smallest profitable wheel and that n* lies between them.

18



Lemma 1 presents an intuitive interpretation of n*: it indicates the dimension

of the payoff-maximising wheel.

Lemma 1 The payoff of an individual i € P is maximal if he belongs to a wheel

of dimension n* formally W (n*) C {g|argmax,m; (9)}.

Proof. Note that the payoff of each agent is a decreasing function of the
number of links he builds. Consider agent ¢. It is always payoff improving to
observe the same number of agents with fewer links as 7; (¢9) < ||N (¢,9)] — ¢ —
|| N (i, 9)||>. If agent i has only one link and observes m agents then i’s payoff
is the one he would get in a wheel of dimension m, i.e. 7; (9) = m —c—am?. So
we can restrict our attention to wheel network components. Let us extend the
(wheel) payoff function to the real line: i.e. ¢ () := v — ¢ — ay? It can easily
be shown that the maximum of ¢ (v) is attained for v = 7* := 5. The function
¢ (7) is symmetric around the axis vy = 7*, as ¢ (7) = .= —c—a(y — ~*)?. Hence
the payoff function (1) is maximised in a wheel of dimension n* agents where
n* € N solves [n* —7*[ < 5. =

Lemma 1 shows that the decreasing returns to linking equal the marginal ben-
efit of observing one additional agent for y, (g) = n*. Note that the central agents
of a starred wheel of dimension n* enjoy the maximum payoff. The peripheral
ones observe n*+ 1 agents with one single link: they receive the payoft of an agent
who belongs to a W (n* + 1).

For the sake of simplicity, we now restrict ourselves to the case in which agents

face strong incentives to connect.
Assumption: For (a,c) € R, assume further that 0 < ¢ <1 — 3av.
The parameter space used in the rest of the paper is thus given by

P = {(a,c) eR*|0<c<1-3aforac (0,1
and0<c§$—1fora€(%,}l)}

Specifically this assumption is used in the following remark.
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Remark 1 If (a,c) € P thenn = 2.

The proof is given in Appendix A. The remark shows that no agent has an
incentive to cut all his links in a network in which he observes 2 agents (at
least if he bears the cost of one link only). Combining the previous remark with
Proposition 1 we observe that it is never payoff maximising to have no links at
all if it is possible to observe no more than 7 agents with one link.

We are now ready to solve the static version of the linking game. In the
following we the establish (static) equilibrium result for the case n* < n — 1
and a large and non-pathological population size. We show that a constellation
of starred wheels of dimension n* is a PSNES of the game. The intuition is
as follows. If the network is a constellation of STV (n*) no central agent in a
starred wheel wants to deviate, as he is receiving the maximum payoff. Moreover
peripheral agents, who are not earning the top payoft, have no profitable deviation
as everyone in the network is either observing n* or n* + 1 agents. Proposition 3

deals with the special cases.

Proposition 2 Assume that P > n*, that (a,c) € P\{(a,0): i <a<}i,

3—1ba<c< ﬁ — 1} and, in addition, if n* > i that there exists no inte-
ger k such that P = (k+1)n* — 1. Then a constellation of starred wheels of

dimension n* is a PSNES.

Proof. Consider a constellation of starred wheels of dimension n*. Given
the n* + m agents who form one SW (n*, m), none of them wants to individually
deviate in a way that alters the starred wheel architecture. Consider first the
n* agents who form the W (n*). They obtain the maximum payoff since they
observe n* agents and only pay for one link. So they have no incentive to deviate.
Let us now consider the m peripheral agents who are linked to the wheel. None
of them can improve his payoff: if one of them cuts his link and links somewhere
else to the wheel neither his payoff nor the architecture change. If he links to
someone else who is directly linked to the W (n*) his payoff is reduced since now

this agent observes n* 4+ 2. If a peripheral agent links somewhere outside the
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starred wheel then the starred wheel still exists. He can only increase his payoff
by linking (with only one link) to someone who observes n* — 1. This is impossible
since the original network was a constellation of starred wheels of dimension n*.
So a constellation of starred wheels of dimension n* is a PSNES because every
time agents deviate in a way that the resulting architecture is not a constellation
of SW (n*,m), these agents are worse off and agents are indifferent only between
strategies that do not alter the architecture. m

Consider now the special cases of a pathological population size, of n* = n

and of a small population.

Proposition 3 i) Let P be such that there exists an integer k such that P =
(k+1)n*—1 and n* > % Then a network consisting of k wheels of dimension
n* and one wheel of dimension n* — 1 is a PSNES.

it) Let (o, ¢) € {(a,¢) :3—1ba < c < 1= —1,¢ <a < i} CP. Ifthere exists
an integer h such that P = 3h+1 then a set of h wheels W (3) and a stand-alone
is a PSNES; if P = 3h+2 then a set of h wheels W (3) and a W (2) is a PSNES;
and if P = 3h a set of h wheels W (3) is a PSNES.

iti) Let P < n* then one wheel of dimension P is a PSNES.

Proof. Part i) Consider first the agents belonging to the & wheels of dimension
n*. Each of them earns the maximum payoff, so none of them has an incentive to
deviate. Consider now the remaining (n* — 1). They can form their own wheel
of dimension (n* — 1) or link (from outside) to the existing wheels of dimension
n*. Since n* > i, the payoff of a wheel of dimension (n* — 1) is higher than
that one can get by linking to wheel of dimension n*. Hence if they form a wheel
W (n* — 1) they have no profitable deviation.

Part ii) It can easily be verified that the assumptions on « and ¢ are equivalent
to the following values for n*, m and n: n* =n = 3 and n = 2 which is the only
possible case in which n* =7 for (o, ¢) € P . Consider the agents connected
in the h wheels of dimension 3. As n* = 3 they are earning the maximum payoff.

There will now be either 1 or 2 or no remainders. If there is one remainder only he
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will become a stand-alone as @ = 3. If there are 2 remainders their best available
action is to form a W (2) as n = 2.

Part iii) As P < n* the maximum payoff is attained by observing all P agents
with one link. Hence no agent belonging to such a W (P) has an incentive to
deviate. m

Indeed if the population has a pathological size and parameter values are such
that players prefer to observe n* — 1 agents rather than n* + 1 agents with the
same number of links, then a network consisting of W (n*) and one W (n* — 1) is
an equilibrium (Part i). If parameter values are such that n = 2 and n* =7 = 3,
then a network consisting of W (3) and, in case, also of one stand-alone or of a
wheel of dimension 2 is an equilibrium. Since n* = 7 no starred wheel can be
part of an equilibrium and if there are 2 remainders their best response is to form
a W (2). (Part ii) Finally if the population is so small that decreasing returns to

linking are never reached then the global wheel is an equilibrium (Part iii).

4 Dynamic Analysis

Let us now analyse the better-reply dynamics. Given the central role wheels play
in our analysis as well as in BG’s we first show the mechanism of (simple) wheel
formation. It is sufficient that one agent is the best off of all those he observes for
a wheel to emerge among these agents. Indeed the agent farthest away from the
best off has a better response of cutting all his links and linking to him. A wheel
is formed by repeating this process until all the agents observed by the original

best off'? move. The following lemma makes this argument formal.

Lemma 2 Let agent iy be such that m;, > m; for all j € N (i1,g), i.e. iy is the
best off among those he observes. Let m = ||N (i1, g)|| so m is the number of
agents observed by iy. If m > 1 then in finite time a wheel W (m) is formed by
the agents originally in N (i1, g).

12 As we adopted the convention that every agent observes himself, the best off is included in

the set of agents who will form the wheel.
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Proof. Let M := N (i1,g9). Consider iy € argmaxgcy d(i1,4;g) so iy is
farthest away from i; among those who are observed by i;. Note that i; does not
use any of iy’s links to observe anyone else. Agent i can improve his payoff by

cutting all his links and linking to 7; directly since

i, (9) < mi, (9) <m —c— am?
as iy € N (i1,9). So he does this. We will call this new network ¢(®.

Note that now iy observes all the agents in M (so m) with one single link
and his payoff is exactly m — ¢ — am? which is the new maximum payoff in M.
Moreover all the agents who observe i now observe all the agents in M.

We proceed by induction. Assume we have done the first ¢ — 1 iterations.
Call agent i, the player who moved in iteration £ — 1 for £ > 1. Let ¢ be the
network formed at the end of iteration /, i.e. after i, moved. Notice that all the
agents who moved in the previous round are consecutively linked to each other,
i.e. 75 has one single link to agent i;_; for s = 2,...,¢. So the distance between
i¢ and 4; in the network g(e) is ¢ — 1 for ¢ > 1. Moreover HN (is,gw))H = m for
s =1,...,0 and £ > 1. Consider now ¢,41 € argmax ey d (ig,j;g(é)) SO gy 18
farthest away from 7,. By the reasoning applied to 75 agent i, has a better reply
of cutting all his links and linking to i, directly.

We now show that eventually ¢; is selected, so that a wheel W (m) forms.
Consider the iterative procedure above. Since i, € M and HN (z’h, g(h))H =m
for all h > 2 eventually ¢; is selected as M is finite and the distance between iy,
and 7; increases by 1 in each step. Let i, be the last agent who moves before i,
is selected. Notice that i) observes i; through a path consisting of all the agents
who moved before him. As iy observes m agents and i, is the farthest away from
i, 1t follows that k = m.

Notice now that i; is the only agent in M who can possibly have more than
one link. If so then let i; play. By the same reasoning as iy, agent i;’s better
response is to cut all his links and link to ,,. Now ¢; observes m agents with one
single link and closes a wheel of dimension m among the agents i1, ..., with

possibly other players observing them. m
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As we now know how wheels form, we are ready to state the main result of
the paper. The following proposition proves that the better-reply dynamics (4)
always converges to a constellation of starred wheels of dimension n* in finite time.
Special cases are dealt with by Proposition 5. The key point of the argument
concerns the emergence of at least one agent observing n* agents. Lemmas 3,
4 and 5 in Appendix B analyse some relevant network structures in which the

dynamics leads to the emergence of such an agent.

Proposition 4 Assume that P > n*, that (o,c) € P\{(o,c): 3 <a <3,
3—1ha<c< ﬁ — 1} and, in addition, if n* > i that there exists no inte-
ger k such that P = (k+ 1)n* — 1. Then in finite time each agent belongs to a
starred wheel of dimension n*. From then on, while the network might change, it

remains a constellation of starred-wheels of dimension n* in each period.

The formal proof is given in Appendix B and contains 6 steps. Starting from
an arbitrary network we first show that in finite time there will be no connected
agents who observe fewer than n or more than 7 agents (Step 1). Secondly
we prove that all the agents in the network either observe someone or they are
stand-alones, so in finite time terminals connect to someone (Step 2). Thirdly
also stand-alones have an incentive to join in the network (Step 3). Hence in finite
time the network is such that all the agents observe a number of agents between
n and 7. We then show that starting from such a network in finite time (at least)
one agent gets to observe n* agents (Steps 4). Each time someone observes n* a
starred wheel of dimension n* emerges (Step 5). The final step of the proof shows
that the absorbing set of the better-reply dynamics is a constellation of starred
wheels of dimension n*.

The actual number of starred wheels of dimension n* that are formed in
the limit state of the dynamics is indeterminate. During the dynamic process a
peripheral agent of an existing starred wheel might sever his link and join another
subset of agents if by so doing he gets to observe n* agents. Then according to
Proposition 4, the process that leads to the formation of a new starred wheel

begins. This implies that the better-reply dynamics (4) does not converge to a
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steady state but that the set of constellations of starred wheels of dimension n* is
an absorbing state of the better-reply dynamics (4). However once the dynamics
has set to a constellation consisting of a given number of starred wheels it will rest
there: i.e. the number of starred wheels will not change further (by Proposition
2). Moreover, as we show that irrespectively of the initial network the dynamics
converges to a constellation of starred wheels of dimension n* we can state the

following uniqueness result.

Remark 2 Under the assumptions of Proposition 4 the set of constellations of

SW (n*) is the unique absorbing set of the better-reply dynamics (4).
We now define r, g € N such that

P=gn*+r for 0<r<n* (5)

SO ¢ = LTP*J’ i.e. ¢ is the maximum number of starred wheel that can be formed

in a constellation of SW (n*) from a population of P agents and r (which is the
remainder of the division between P and n*) is the minimum number of peripheral
agents.

We will now define the aggregate payoff of the population as the sum of the
payoffs of each agent. A network ¢ is a Pareto efficient architecture if it is
impossible to increase the payoff of any agent without reducing the payoffs of
others. The aggregate payoff of the population may be used as measure of Social
Welfare.

The following corollary relates the number of starred wheels in the limit ar-
chitecture with the Social Welfare of the population. It shows that aggregate
payoft of the population increases strictly with the number of starred wheels and
identifies the constellation consisting of the maximum number of SW (n*) as the

Pareto efficient limit network.

Corollary 1 Assume that P > n*, that (a,c) € P\{(o,c): i <a<i,
3—1ba<c< ﬁ — 1} and, in addition, if n* > % that there exists no integer k
such that P = (k + 1)n* — 1. Consider the absorbing set found in Proposition 4:
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the aggregate payoff of the population increases with the number of starred wheels
in the limit architecture. The Pareto efficient architecture consists of q starred
wheels of dimension n* with the remaining r agents being linked from outside to

these wheels, where q and r are defined in equation (5).

Proof. The first part of the statement is easily verified. The aggregate payoff
of the population increases with the number of starred wheels because central
agents in a starred wheel of dimension n* enjoy the maximum payoff and their
number increases with the number of starred wheels in the limit architecture.

Let us now prove the second part. Given a constellation of ¢ starred wheels
of dimension n* it is impossible to increase the payoff of anyone agent without
reducing that of another. The n* x ¢ central agents enjoy the maximum payoff
attainable (by Lemma 1) so there is no way to improve it. Peripheral agents
observe n* + 1 agents with one single link and receive a lower payoff, that of
the members of a W (n* 4+ 1). The only way they can improve the payoff is to
reduce by one unit the number of agents observed. This is impossible because
the peripheral players are too few (r < n* by equation 5) to set up a W (n*) on
their own without reducing the payoff of some central agents. m

Notice that Pareto efficiency is not guaranteed in Proposition 4. Indeed it
is shown that the dynamics (4) converges to a constellation of starred wheels of
dimension n*. Yet the actual number of wheels which the constellation consists of
is indeterminate and once convergence is achieved for a given number of starred

wheels this number will not change further.

We can now compare our results with BG’s. It should be recalled that BG
show that for any number of agents and starting from any initial network, the
(best-response) dynamic process converges to a wheel or to the empty network
with a probability of one, depending on the net benefit of a link. In particular
Theorem 3.1(a) in BG!® shows that the dynamics converges to the global wheel

when agents have strong incentives to connect.

13BG, Theorem 3.1, Part a), p. 1197.
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BG’s setting can be easily obtained from this model. For a = 0 the payoff
function (1) coincides with the linear payoff used as a special case in BG.' Tt
should also be noted that the assumption of BG’s Theorem 3.1(a) is equivalent
to (o, c) € P as c € [0,1] for & = 0. Thus we obtain that n = 2 and n* = +o0.

Consequently the dynamics (4) converges to a constellation of starred wheels
consisting of one (global) wheel, which is a limit case of the absorbing states
found in Proposition 4. The proof is as follows. Take the player who is observing
the largest number of agents: either he observes the whole population or there
is someone who is not observed by him. In the former case consider the player
farthest away from him. He can improve his payoff by cutting (all) his link(s) and
linking to the one originally observing the entire population. In the latter case
consider a player not observed by the one observing the most: for him it is payoff
improving to cut (all) his link(s) and link to the one observing the largest number
of agents. Repeat the argument until one agent observes the whole population.
In both cases the last agent to move is the best off in the whole population, as
by construction he has only one link and observes everyone. Then by Lemma 2

one simple wheel of dimension P is formed.

Consider now the special cases of a pathological population size, of n* = n
and of a small population that we left aside in Proposition 4. If n* > i and
there exists an integer k such that P = (k+1)n* — 1 or if (a,c) € { (o, ¢):
3—1ba<c< ﬁ — 1,% <a< %} or if P < n* then the steady-state architec-

tures are as shown by the following proposition.

Proposition 5 i) Let P be such that there exists an integer k such that P =
(k+1)n*—1 andn* > % Then with positive probability the better-reply dynam-
1cs settles in finite time to a network consisting of k wheels of dimension n* and
one wheel of dimension n* — 1, which is a steady state.

it) Let (a,c) € {(a,¢) :3—15a < c <+ — 1,1 <a< i} CP. Ifthere exists
an integer h such that P = 3h+ 1 then the unique steady state of the better-reply

dynamics is a set of h wheels W (3) and the remaining agent is a stand-alone; if

Y That is equation (2.2) in BG, p. 1190.
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P = 3h + 2 the unique steady state is a set of h wheels W (3) and the remaining
2 agents form a W (2); and if P = 3h the unique steady state is a set of h wheels
W (3).

it1) Let P < n* then in finite time the agents form one wheel of dimension P

which is the unique steady state of the better-reply dynamics.

Proof. Part i) Assume there are k players who observe k disjoint groups of n*
agents. This is an event that happens with positive probability. Then £k wheels
of dimension n* surely emerge (applying Step 5.a of the proof of Proposition 4).
Assume that the remaining (n* — 1) agents are linked to each other only. Then
they have the choice between forming their own wheel of dimension (n* — 1) or
linking (from outside) to the existing wheels of dimension n*. Since n* > 5-, the
payoff of a wheel of dimension (n* — 1) is higher than that one can get by linking
to wheel of dimension n*. Hence they form a wheel W (n* — 1).

Part ii) As we know the assumptions on o and ¢ are equivalent to n* =7 = 3
and n = 2. We can apply Steps 1, 2, 4 and 5 a. of the proof of Proposition 4
to show that at least one W (3) forms. As n = 2 and n* = 7 = 3, h wheels of
dimension 3 form. Now there will be either 1 or 2 or no remainders. If there are
2 remainders they will form a W (2) as n = 2.

Part iii) Take the agent who is observing the largest number of agents and
call him 7;. Now either i¢; observes the whole population or there is someone who
is not observed by ;. In the first case by replacing n* with P, the argument
of Step 5.a of Proposition 4 shows that one simple wheel of dimension P forms.
Otherwise take from among the agents not observed by i; the one who observes
the most agents and call him j. For him it is payoff improving to cut all his
link(s) and link to 4; directly. So j does this and now j is the one who observes
most agents in P. Repeat the argument until one agent observes all the P agents.
Then apply the argument of Step 5.a. of Proposition 4 (replacing n* with P). =

The proposition shows that the PSNES established in Proposition 3 are ab-
sorbing states of the better-reply dynamics. In particular the case of Part iii)
clarifies that every agent is connected and observes everyone else when the pop-

ulation is small. This means that a small population size prevents the decreasing
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returns to linking from prevailing over the marginal benefit of observing one ad-
ditional agent. That is in small populations BG’s results hold even in presence

of decreasing returns to linking.

5 Conclusions

In this paper the impact of decreasing returns to linking in the process of network
formation has been studied as a variant of the model constructed by Bala and
Goyal [1]. Decreasing returns to linking affect the payoffs of the agents in a
way that dramatically changes the steady-state predictions with respect to the
original. The agents who are assumed homogeneous have to trade off the number
of links they sponsor with the benefit of observing the others. They also have to
consider that the marginal benefit of observing new agents is decreasing. Strategy
revision occurs by better response.

In this model, the dynamics converges in finite time. The unique absorbing
set is a constellation of disjoint starred wheels, where core agents are linked in
the optimally-sized wheel and peripheral agents link to the wheel from outside.

The role of connections between financial institutions has recently attracted

attention by both researchers and practitioners.

Noticeably core-periphery
structures arise in models of financial networks (Castiglionesi and Navarro [9]
and Sui [56]) and are also observed in actual interbank markets (Boss et al. [3]).

Industrial districts are also a field in which networks are often researched.
Guerrieri and Pietrobelli [28] and Lee [41] find similar architectures of links be-
tween economic agents in districts both in Italy and in Taiwan. Chetty and Ag-
ndal [10] analyse network structure and core-periphery interaction in the boat-
building district in New Zealand. Gnutzmann [27] studies the importance of
connectedness and observes that in the Cambridge Hich-Tech Cluster in England
there are apparently non-decreasing returns to linking.

However, examples of disjoint networks are much more common in the real

5For instance see Haldane [29], lazzetta and Manna [32], Leitner [42] and Nier et al. [48].
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world than global networks. As an illustration consider the textile and apparel
industry in Italy: it is spread over in 45 industrial districts which are not all near
each other, rather than being agglomerated in one single location. Similarly there
are 38 industrial districts in Italy in the mechanics sector and 20 in the leather
goods sector (Istat [34]). Our result that social welfare increases with network

fragmentation may explain this observation.
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A Preliminary Results

Proposition 1 If («a,c) € R the following statements hold:
i)n<mn,n<n*and n* <.
ii) There exists a network g such that m; (g9) > 1 — « for some i € P.
i) Let m € N, then m —c—am? > 1 — « if and only if m € {n,...,ni}.

Proof. Part i) Recall that n* is defined as the integer that is closest to %
Formally, n* € N such that

all positive a given that we excluded the zero-measure case where there exists

n* — i‘ < % which is positive and well-defined for

an integer ¢ such that o = i.e. that « is the inverse of an even number.

1
20417

Moreover recall that n := F— v 1_4a(c+1_a)—‘ and = TjL 1_4a(c+1_a)J. The

2c 2«

thresholds n and m are well-defined for o > 0 and ¢ € [O, ﬁ +a— 1]. Also note

—y/1-4a(c+1-a) > O ifand only if c+1 > «

2a
1+4/1-4a(c+1—a)

that both n and 7 are non-negative, as !

— which is always true — and also > (0. Finally n < 7m, n < n*

2a
1+4/1—4a(ct+1—a) 1—4/1—4da(c+1—a) .
e - 5 > 2 which holds

and n* < 7 is guaranteed by
as (a,c) € R.

Part ii) Let a network g contain a wheel of dimension m, i.e. in g there
exists a subset M of the population such that the agents in M form a wheel
W (m). Consider an agent i who belongs to this wheel. Agent i receives a payoff
7; (9) = m — ¢ — am? in the network g. Recall that stand-alones receive a payoff
equal to 1 — . It can be shown that —m2a +m + o — ¢ — 1 > 0 for some m if
(a,c) € R. Let ¢ () := —ay* + v+ a — 1 — c. Consider the equation ¢ (y) = 0.
Its roots are 7, , 1= Ty l—zz(c—i-l—a)
if 1 —da(c+1l—a) >0,ie. c< 2 —1+a Ifl—4a(c+1—a) =0 then
¢(y) =0 for v = 5= and ¢ (y) < 0 otherwise. So 1 —4a(c+ 1 — ) > 0 which

2
means that the parameters belong to the set R. The statement follows as a > 0

. The roots v, and 7, are real number only

and hence —m?a +m — ¢ > 1 — « if, and only if, v, < m < v,. Notice that Part
i) above guarantees the existence of such m.

Part iii) Recall that n = [v,;] and @ = |v,] and that 7, and =, are the
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solutions of the equation —ay? +vy+a—1—c=0. Som —c+am? > 1— « for
allm=n,..mand m —c+ am? <1 —a for m < n and m > n. This concludes

the proof of the proposition. m

Remark 1 If («,c) € P then n = 2 which means that no agent has an incentive

to cut all his links in a network in which he observes 2 agents.

Proof. Recall the definition of the set P = {(a,c) eR?* |0 < ¢ < 1 — 3«

for a € (O,%] and0<c§$—1fora€ (%,i)}. Note that ﬁ—1<1—3afor

o€ (%7 %) Figure A1 below plots the set P.

Figure A1l: The parameter space P

Recall that n = [v,]. So it is enough to verify that 1 < v, < 2. Note
that vy, = Ioyittalerlze) o g (1 —2a)° > 1 — 4o + 402 — 4ac since ¢ > 0.

2a
Now verify that 7, is smaller than 2: v, = v 1_§z(c+1_a) < 2 if, and only if,
l1—4a<y/1—4a(c+1—a). Asa < 1 then 1—4a > 0. So vy, < 2if, and only
if, (1 —40)> <1—4a(c+1—a), ie. ¢ <1—3a which holds for all o, ¢ € P. So
n=2foralla,ceP. =

B Proof of the Main Results

To prove Proposition 4 we need to establish some preliminary results. The

Lemmas in the next subsection present some relevant cases in which the better-
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response dynamics (4) leads to the emergence of an agent who observes n* players.
Together with Lemma 2 these are building blocks for the proof of the proposi-
tion. We will show that every time an agent observes n* players a starred wheel

of dimension n* is formed.

B.1 Preparatory Lemmas

In the proof of Proposition 4 we find a path of the better-reply dynamics that
leads to the formation of a constellation of starred wheels when at least one agent
in the population observes exactly n* players. The next Lemmas consider first
the case of a highly fragmented network and then that of a highly connected one.
In particular Lemma 3 assumes that there exist more than n* agents who observe

fewer than n* and shows that one of them will observe n* agents in finite time.

Lemma 3 If there exist more than n* agents each of whom observes between n
and n* — 1 agents then in finite time there will be at least one agent who observes
exactly n* agents, i.e. the better-response dynamics g* is such that for some finite

t' there exists an agent j for whom HN (j, gt') H =n".

Proof. Call H the set of agents each of whom observes between n and n* — 1
agents in the network ¢g. Notice that ||[H|| > n* + 1. Define P as the subset of
the population consisting of all the agents observed by some h € H, formally
P = Uner N (h,g). Among the agents belonging to P let i1 be an agent who
observes the most agents, i.e. i1 € argmax,cp |V (j,g)[. Let my == |[N (i1, 9)||-
Note that m; < n* — 1.

Consider iy € arg maxeen,,g) d (i1, 4; g) so iy is farthest away from 4; among
those who are observed by i;. Recall that i; does not use any of i5’s links to
observe anyone else. Agent i, can improve his payoff by cutting all his links and
linking to 4; directly since 7, (g) < m; — ¢ — am? as iy € N (i1,9). So he does
this and receives a payoff exactly equal to m; — ¢ — am?.

Call this new network ¢°. Note that N (iz,¢°) = N (i1, g) and that iy is the
best off among the agents he observes. So by Lemma 2 the agents observed by i

form a W (my).
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Call this new network ¢’. Assume there exists a k € P\N (i, g') for an agent
i; in the W (my) such that d (k,i;;¢') = 1, i.e. agent k is directly linked to the
wheel without belonging to it. As m; < n* — 1, agent 4;;; in the W (m;) whose
only link is to 7; has a better response of cutting his link and linking to k. This
makes a wheel of dimension m; + 1. Repeat until an agent gets to observe n*
(which completes the proof) or no such k outside the wheel exists anymore.

In the latter case call the new network g and my the dimension of the (en-
larged) wheel. So my > m;. Note that all the agents in P either belong to the
wheel W (my) or are not in the wheel and hence observe fewer than or equal to
my agents. Call L the subset of P of agents who do not belong to the wheel.

So P is partitioned into the agents belonging to the wheel W (ms) and those
in L. Each agent ¢ € L has a better response of cutting all his links and linking
directly to someone who belongs to the wheel as ||N (¢, §)|| < mg < n*—1. By so
doing all the agents in L directly link to the wheel without belonging to it. So we
re-apply the argument developed above for an agent k& who is linked to the wheel
directly without belonging to it. Note that at some point an agent observes n*

players as ”]5 ) > n* by assumption. This completes the proof. m

In the next Lemma we consider the case of a network which is so highly
connected that there is a subset of the population such that all the agents in this
subset observe more than n* agents and all the agents observed by them also
observe more than n*. We then show that in this case an agent observing exactly

n* will emerge.

Lemma 4 Assume there exists an agent k such that n* +1 < [[N ({,9)]| <7
for all ¢ € N (k,g), i.e. such that all the agents observed by him observe between
n* 4+ 1 and m agents. Then in finite time there will be at least one agent who

observes exactly n* agents.

Proof. Let P = Urenrg) NV (¢; g). Note that ‘

kg) PH > n*+1 since ||N (i,9)| >

n*+1 for all i € P. Consider now the agent who is best off in P and call him iy,
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so my (g) <y (g) for all i’ € N (i1, g). Let mq = ||N (i1,9)]| so m; > n*+ 1. By
Lemma 2 the agents in N (i, ¢g) form a wheel W (m;).

Call this new network ¢’. Now take an agent j belonging to this wheel W (my).
Agent j has a better response (in fact it is his best response) of cutting his link
and linking to agent r in the wheel such that d (r, j; ¢') = n*. So he does so and

observes exactly n* agents improving his payoff. This completes the proof m

The following lemma considers another highly-connected network situation in
which there is an agent j; who observes more than n* agents. It assumes further
that among the agents he observes all those who observe fewer than n* players
observe so few that they have a better response to cut all their links and link
to ji directly. Once all of them are linked to j;, no-one observed by j; observes
fewer than n*. Then by Lemma 4 there will be one agent who observes n* players

in finite time.

Lemma 5 Assume there exists an agent j; such that n*+1 < ||N (j1, 9)|| <7 and
for each agent ¢ € N (j1,g) such that |[N (¢,9)|| < n* — 1 we have |N (j1,9)| +
IN(¢,9)]| +1 < L. Then in finite time there will be at least one agent who

observes exactly n* agents.

Proof. Let m; := ||N (j1,9)||, so my is the number of agents observed by

Ji. Consider j» € argmaxee(ren(j,o): |IN(Lg)l<n*}
who observes the maximum number of agents among those observed by j; who

IN (¢,9)|| so jo is the agent

observe fewer than n*. Agent j, exists by assumption. Consider an agent
J € argmaxen(j,,q) d (j2,¢; g) so j is farthest away from j, among those who
are observed by jo. S0 [N (7, )| <IN (2, )| < n* —1and 73 (g) < |IN (3, g)]| -
¢ — [N (3,9)|°. Notice that my + |N (J,g)|| + 1 < L implies that | N (j,9)| —
c—al||N (3,9)|I* < my —c— am?. Hence it is a better response for j to cut all his
links and link to j; getting to observe m; agents. So he does this and receives a
payoff equal to m; — ¢ — am?.

Call this new network ¢’. Notice that j and all the agents in N (ji,g) who

observed j in g now observe exactly m; > n* 4+ 1 agents in ¢’ as they were all
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observed by j; in g. However nothing has changed for the other agents observed
by ji. So ¢ is identical to g with the exception of the move made by j. In
particular for each agent ¢ € N (j1,¢') such that |N (¢,¢)| < n* — 1 it is still
true that || N (ji,¢')|| + [N (¢,¢')]| +1 < £. We can then replicate this argument
until no agent observes fewer than n*. Now by Lemma 4 at least one player who
observes exactly n* agents emerges. This completes the proof. m

We are now ready to prove the main result of the paper.

B.2 Proof of Proposition 4

Proposition 4 Assume that P > n*, that (o,c) € P\{(a,¢): 3 <a<i,
3—1a<c< i — 1} and in addition if n* > i that there exists no integer k
such that P = (k+ 1)n* — 1. Then in finite time each agent belongs to a starred
wheel of dimension n*. From then on, while the network might change, it remains
a constellation of starred-wheels of dimension n* in each period.

Proof. We find a path of the better-reply dynamics (4) such that starting from
an arbitrary network it leads in finite time to a constellation of starred wheels of
dimension n* through the following steps:

1. From an arbitrary network in finite time we eliminate all agents whose payoff
is less that 1 — . In the resulting network there are stand-alones or terminals or
agents who do not observe fewer than n or more than 7 agents.

Proof. Take an arbitrary network g. Consider the set of the agents Q) (g) =
{i € P|m; (g9) <1— «a}. Take the agent with the highest index in @ (¢) and call
this agent j. So j’s better response is to cut all his links. Thus j becomes a
stand-alone (or a terminal in the case he was observed by someone else) and
receives 1 — a.

Call this new network ¢’. For every agent i ¢ ) (g) such that j € N (i,9) if j
cuts all his links then 7; (¢') > 1 — a since n = 2. So ||Q (¢')| < [|Q (9)|| — 1.
Replicate this argument until all the agents receive a payoff greater or equal to
1 — . Then by Proposition 1, part ii) all the agents who are neither stand-alones

nor terminals observe between n and 7. m
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2. Let us eliminate the terminals from the network in finite time.

Proof. Consider a terminal agent i. By definition there exists an agent j € P\ {i}
who observes i, i.e. i € N (j,g). We show that if ¢ links to j then i is better off.
Call the new network ¢’. When i links to j then N (i,¢') = N (j,9) as i was a
terminal in ¢g. Since i has only one link in ¢, ||N (4,¢')|]| = ||N (j,9)|| < 7 and
7;(g) > 1—a we find 7; (¢') > 1 — . Replicate this argument until all terminals

connect. |
3. We now show that in finite time stand-alones connect.

a. If there exists an agent i € g such that n < ||N (i,9)|| <7 —1, i.e. if there
exists an agent v who observes no more than m — 1 and no fewer than n

then we eliminate all the stand-alones in finite time.

Proof. Any stand-alone has a better response of linking to i. By so doing
he observes ||N (i,9)|| + 1 < 7 and receives a payoff greater than or equal

to 1 — a. Notice that agent ¢ still observes the same agents as in g. =

b. If ||N (j,9)|l =7 holds for all j € g such that ||N (j,g)|| > 1 we eliminate

all the stand-alones in finite time.

Proof. The assumption (a,c¢) € P \{(a,¢): §<a<1,3-15a <c<
< ﬁ — 1} is equivalent to n* <7 — 1 and n = 2. Let us divide the proof

into two cases.

First, let us assume that there exist an agent i such that u¢ (g) = 1, i.e. 7 has
only one link. Therefore ¢ is the best off among all the agents he observes.
So by Lemma 2 a wheel W (%) forms among all the agents in N (7, g). Call
this new network ¢’. Take now an agent j belonging to this wheel W (7).
As n* < m — 1 agent j in the wheel has a better response of cutting his
link and linking to agent r in the wheel such that d(r,j;¢') =7 — 1. So
he does this and observes exactly m — 1 agents improving his payoff. Now
we are back to the case considered in part a) of this Step and the proof is

complete.
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Second assume that uf (g) # 1 for all i. Fix one agent and call him 4.
Consider an agent iy € arg maxsen(i,,) d (i1, ¢; g) 0 iy is farthest away from
11 among those who are observed by 7;. Note that i; does not use any of
19’s links to observe anyone else. Agent i improves his payoff by cutting all
his links (which are more than one) and linking to i; directly. Now agent

io has one link only and we are back in the previous case of part b). m

4. Now all the players in the network only observe a number of agents between
n and m. From any such network in finite time a player that observes n* agents

emerges.

Proof. Take the agent who observes the maximum number of agents i; €

argmaxjep | N (7,9)||. If ||N (i1,9)|| = n* the proof is complete. Take iy €

arg Max;circp: [N(tg)|<n*} ||V (4, 9)||, so iz is the agent who observes the maxi-
mum number of agents among those who observe fewer than n*. If i; does not
exist then by Lemma 4 at least one player who observes exactly n* agents will
emerge. Let my := ||N (i1, g)|| and mq := || N (i2, g)|| whenever it exists.

Let us consider the following 3 cases.

a. Assume that mi = mso. In finite time one player observing n* emerges.

Proof. If m; = my then all the players observe fewer than n* agents. Hence

by Lemma 3 at least one player observing exactly n* agents emerges.

b. Assume that m; +mqg +1 < é and my > n* + 1. Then in finite time one

agent observes exactly n* agents.

Proof. Assume first that some agents who observe fewer than n* are ob-
served by ;. Note that for all agents j with | N (j, g)| < n* — 1 we have
IN (j,9)|| < mo. In particular for all 7 € N (i1, g) such that | N (], g)| <
n* — 1 we have my + [[N (J,9) + 1 < 1. So by Lemma 5 in finite time at

least one player observing exactly n* agents emerges.

If instead for all j such that ||N (j,9)|| < n* — 1 we have j ¢ N (i1, g) then
|N (k,g)|| > n*+ 1 for all agents k € N (i1, ¢) and hence by Lemma 4 at

least one player who observes exactly n* agents will emerge. =
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c. Assume miy +mqg +1 > ~and my > n* + 1. To show: one agent that

observes n* players will emerge in finite time.

Proof. Let P := N (i1,g) U N (is,g). Note that HPH > my > n*. Also
note that mqy +my +1 > é implies 7, (9) < ma+1—c—a(mg+ 1)2. So
agent i1’s better response is to link to i cutting all his original links. Let

him do it and call the new network ¢'.

Note that N (i1,¢") = {i1} U N (i2,g) and ||N (i1,¢')|] = ma + 1 < n*.
If |N (i1,¢")]] = n* then the proof is complete. If | N (i1,¢')|| < n* —1
then i; is best off among the agents in N (i1,¢’). So by Lemma 2 a wheel
W (mg + 1) forms possibly with other agents observing it. Call this new

network g”.

We now show that the wheel expands so that no agent in P can be directly
linked to the (enlarged) wheel and observe fewer than n* overall. Take any
such agent and call him player i. By definition of 7 there exists an agent 4’
in the wheel such that d(i,i';9) = 1. As ma+1 < n* — 1 agent ¢’ in the
wheel whose only link is to " has a better response of cutting his link and

" Assume

linking to 7. So the wheel expands by 1. Call this new network g
further that i observes some agents who do not belong to the W (msg + 1).
As |IN (i, ¢")|| < n* — 1 also | N (4, ¢”)|| < n* — 1. Notice that for all j in
the wheel N (j,¢") = N (i,¢"). In particular agent ¢’ who belongs to the
wheel W (mg 4 1) is best off among the agents in N (i, ¢"") so by Lemma
2 a wheel of dimension ||N (7', ¢"")|| forms. Repeat until an agent gets to
observe n* (which completes the proof) or no such 7, that is linked to the
wheel and observes fewer than n* agents overall, exists anymore. Call this

new network ¢ and the wheel dimension m := || N (i, ¢")||.

We now enlarge the wheel further so as to partition the agents in P into
those who belong to the wheel and observe fewer than n* players and those
who observe more than n* players. So we eliminate all the agents observing
fewer than n* agents who do not belong to the wheel. Note that in g
if agent j does not belong to the W (1) then either ||N (j,9)|| > n* +
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1or [|[N(j,9)]] < mg by definition of my. So [|[N (j,g)|| < m whenever
IN (j,9)|| < n*—1forall j € P. Take agent h; who does not belong to the
W () such that || N (hy,g)|| < n*—1. As||N (hy,g)|| < mand m < n*—1
then h; has a better response of cutting all his links and linking to the

W (m) (from outside). So he does this and observes m + 1 agents.

If m + 1 = n* then the proof is complete. Otherwise take hy, among the
agents not observed by h; in the new network such that hs observes fewer
than n*. By the same reasoning applied to hi, agent ho improves his payoff
by cutting all his links and linking to h;. Repeat this argument until either
some agents observe n* or there exist no agents in the network who do
not belong to the wheel and observe fewer than n* players. If some agents
observe n* then the proof is complete. Otherwise call & the last agent who
moved and note that he is best off among all those he observes as he observes
the most and still observes fewer than n* players with one link only. So by
Lemma 2 a wheel forms among the agents observed by h. Call this new

network g and the (new) wheel dimension m < n* — 1.

Note that in ¢ all the agents in P either observe more than n* agents or

belong to the wheel W (72) and thus observe m < n* — 1. Take j, =
argminhe{zeﬁz IN(e.g)lI>n*} IV (h, §)|I. Let mo := [N (jo, 9)]|-

Assume first 77 4+ mg + 1 < < then 4; who belongs to the wheel W () has
a better response of cutting his only link and linking to jo. By so doing
11 breaks the wheel. As in § everyone who observed fewer than n* agents
belonged to the wheel W (1) now there exists no agent ¢ € P such that
IN (£,9)|l < n*. So by Lemma 4 one agent observing n* agents surely

emerges.

Assume instead m +mgo + 1 > i then jo cuts all his links and links to the
wheel. By definition of mq for all j/ € P with |N (j,9)|| > n* we have
i+ [N (5,9 +1> 2L Soall j/ € P with [N (j, )| > n* have the same
better response and link to the wheel. As m < n* — 1 and HPH > n* the

wheel enlarges to n* — m — 1 (peripheral) agents and an agent observing n*
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players will emerge. m

5. Now in the network at least one agent observes n* players. In finite time all

the agents in the network observing n* players belong to a SW (n*, m).
Proof. The proof is divided in two parts.

a. If a player observes n* agents then this player belongs to a W (n*) in finite

time.

Proof. By assumption there exists a player who observes n* agents. Take

an agent who observes n* agents and call him 4, that is ||N (i, 9)] =

i1,9
farthest away from ij. We already know that then ¢7 does not use any of

n*. Consider ¢ € arg MAX e (i1 ) d (i1,4;g), i.e. consider an agent who is

i5’s links to observe anyone else. Agent i5 improves his payoff (in fact it is
his best response) by cutting all his links and linking to i} directly. So he
does this.

Call this new network ¢’. Now % enjoys the maximum payoff attainable: he
observes n* agents paying the cost of one single link. Notice that 3 is best
off in N (i}, ¢’) and that || N (i}, ¢’)|| = n* so by Lemma 2 a wheel W (n*)
forms. Replicate this argument until there exist no agents observing n*

players who do not belong to a wheel W (n*). m

b. If all the agents who observe n* players belong to a wheel W (n*) and there
exists an agent who does not belong to a W (n*) then a starred wheel of

dimension n* emerges in finite time.

Proof. Call i the agent who does not belong to a W (n*). Let m; :=
|N (i,9)||. Note that m; # n*.

We claim that agent ¢ has a better response of cutting all his links and
linking to the wheel from outside since by assumption of the Proposition if
n* > 5= then there exists no integer d such that P = (d + 1) n* — 1.
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Assume first that either m; > n* or m; < n* — 1 then 7; (¢g) < n*+ 1 —
c—a(n*+ 1)2. So i’s better response is to cut all his links and to link to
a wheel of dimension n* forming a starred wheel of the same dimension.

Assume instead that m; = n* — 1. Note that n* — 1 — ¢ — a (n* — 1)° ;
n*4+1—c—a(n*+1)%is equivalent to n* z 5= So if n* < 5= any agent
observing n* — 1 has a better response of linking to a W (n*) forming a
starred wheel of the same dimension. Assume now that n* > i If there
exists another agent j who does not observe n* then j’s better response is
to cut all the links and link to ¢ getting to observe n* agents. Then a new
wheel will emerge by part a) of this Step. If no such agent j exists then there

exists an integer d such that P = (d + 1) n* — 1 which is a contradiction. =

6. In finite time the better-reply dynamics converges to a constellation of A
starred wheels of dimension n*, h =1, ..., [P J

n* 1"

Proof. By Proposition 2 a constellation of starred wheels of dimension n* is a
PSNES which is absorbing for the better-reply dynamics (4). m

This concludes the proof of the Proposition. m

42



References

1]

2]

Bala, V.; S. Goyal (2000): “A Noncooperative Model of Network Formation”,
FEconometrica, vol. 68, pp. 1181-1229.

Bloch, F.; M.O. Jackson (2006): “Definitions of equilibrium in network for-

mation games”, International Journal of Game Theory, vol. 34, pp. 305-318.

Boss, M.; H. Elsinger; M. Summer; S. Thurner (2004): “The Network Topol-
ogy of the Interbank Market”, Oesterreichische Nationalbank Financial Sta-
bility Report, no. 7, pp. 77-87.

Bramoullé Y.; D. Lopez-Pintado; S. Goyal; F. Vega Redondo (2004): “Net-
work formation and anti-coordination games”, International Journal of
Game Theory, vol. 33, pp. 1-19.

Bertrand, M.; E.F.P. Luttmer; S. Mullainathan (2000): “Network Effects
and Welfare Cultures”, Quarterly Journal of Economics, vol. 115, pp. 1019-
1055.

Balkenborg D. (1994): “Strictness and Evolutionary Stability”, Discussion
Paper, n. 52, Center for Rationality and Interactive Decision Theory, The

Hebrew University of Jerusalem.

Calvo-Armengol A.; M.O. Jackson (2004): “The Effects of Social Networks
on Employment and Inequality”, American Economic Review, vol. 94, pp.
426-454.

Case A.C.; L.F. Katz (1991): “The Company You Keep: The Effects of Fam-
ily and Neighborhood on Disadvantaged Youths”, NBER Working Paper, no.
3705.

Castiglionesi F.; N. Navarro (2008): “Optimal Fragile Financial Networks”,

mimeo, Tilburg University and Universidad de Malaga.

43



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chetty S.; H. Agndal (2008): “Role of Inter-organizational Networks and
Interpersonal Networks in an Industrial District”, Regional Studies, vol. 42,
pp- 175-187.

Corbae D.; J. Duffy (2008): “Experiments with network formation” Games
and Economic Behavior, vol. 64, pp. 81-120.

Currarini S.; M. Morelli (2000): “Network formation with sequential de-
mands”, Review of Economic Design, vol. 5, pp. 229-249.

De Jaegher, K; J. Kamphorst (2008): “Network formation with decreasing
marginal benefits of information”, Tjalling C. Koopmans Research Institute

Discussion Paper, n. 08-16.

D’Ignazio A.; E. Giovannetti (2006): “From Exogenous to Endogenous Eco-
nomic Networks: Internet Applications”, Journal of Economic Surveys, vol.
20, pp. 757-796

Dutta B.; A. van den Nouweland; S. Tijs (1998): “Link Formation in Co-
operative Situations”, International Journal of Game Theory, vol. 27, pp.
245-256.

Dutta B.; S. Ghosal; D. Ray (2005): “Farsighted Network Formation”, Jour-
nal of Economic Theory, vol. 122, pp. 143-164.

Ehrhardt G.; M. Marsili; F. Vega Redondo (2006): “Diffusion and growth in
an evolving network”, International Journal of Game Theory, vol. 34, pp.
383-397.

Ellison G. (1993): “Learning, Local Interaction and Coordination”, Econo-
metrica, vol. 61, pp. 1047-1071.

Fagiolo G. (2005): “Endogenous neighborhood formation in a local coor-
dination model with negative network externalities”, Journal of Fconomic
Dynamics and Control, vol. 29, pp. 297-319.

44



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Falk A; M. Kosfeld (2003): “It’s all about Connections: Evidence on Network

Formation”, IZA Discussion Paper, no. 777.

Fehr, E.; K.M. Schmidt (1999) “A Theory of Fairness, Competition and
Cooperation,” Quarterly Journal of Economics, vol. 114, pp. 817-868.

Galeotti A.; S. Goyal; J. Kamphorst (2006): “Network Formation with Het-

erogeneous Players”, Games and FEconomic Behavior, vol. 54, pp. 353-372.
Goyal S. (2007): Connections, Princeton University Press: Princeton.

Goyal S.; S. Joshi (2003): “Networks of Collaboration in Oligopoly”, Games
and Economic Behavior, vol. 43, pp. 57-85.

Goyal S.; J.L. Moraga-Gonzales (2001): “R & D Networks”, RAND Journal
of Economics, vol. 32, pp. 686-707.

Goyal S.; F. Vega Redondo (2005): “Network Formation and Social Coordi-

nation”, Games and FEconomic Behavior, vol. 50, pp. 178-207.

Gnutzmann H. (2008): “Network Formation Under Cumulative Advantage:
Evidence from The Cambridge High-Tech Cluster”, Computational Eco-
nomics, vol. 32, pp. 407-413.

Guerrieri P.; C. Pietrobelli (2001): “Models of Industrial Clusters’ Evolution
and Changes in Technological Regimes” in P. Guerrieri, S. lammarino, C.
Pietrobelli (eds.) The Global Challenge to Industrial Districts: SMEs in Italy
and Taiwan, Elgar: Cheltenham and Lyme, pp. 11-34.

Haldane A.G. (2009): “Rethinking the Financial Network”, speech delivered
at the Financial Student Association in Amsterdam on 28 April 2009.

Haller H.; S. Sarangi (2005): “Nash Networks with Heterogenous Agents”,
Mathematical Social Sciences, vol. 50, pp. 181-201.

45



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Hojman, D.A; A. Szeidl (2008): “Core and periphery in networks”, Journal
of Economic Theory vol. 139, pp. 295-309.

lazzetta C.; M. Manna (2009): “The topology of the interbank market:
developments in Italy since 1990”, Banca d’Italia Tem: di discussione, no.
T11.

Ichino A.; G. Maggi (2000): “Work Environment and Individual Background:
Explaining Regional Shirking Differentials in a Large Italian Firm”, Quar-
terly Journal of Economics, vol. 115, 1057-1090.

Istituto Nazionale di Statistica - Istat (2005): Distretti industriali e sistemi
locali del lavoro 2001 - 8° Censimento generale dell’industria e dei servizi,
Istat: Rome.

Jackson M.O. (2003): “A Survey of Models of Network Formation: Stability
and Efficiency”, in G. Demange and M. Wooders (eds.) Group Formation in
FEconomics: Networks, Clubs, and Coalitions, Cambridge University Press:

Cambridge.

Jackson M.O. (2008): Social and Economic Networks, Princeton University

Press: Princeton.

Jackson M.O.; A. Watts (2002a): “The Evolution of Social and Economic
Networks”, Journal of Economic Theory, vol. 106, pp. 265-295.

Jackson M.O.; A. Watts (2002b): “On the Formation of Interaction Networks
in Social Coordination Games”, Games and Economic Behavior, vol. 41, pp.
265-291.

Kannan R.; L. Ray; S. Sarangi (2007). “The structure of information net-
works”, Economic Theory, vol. 30, pp. 119-134.

Larrosa J.; F. Tohmé (2002): “Network Formation with Heterogeneous
Agents”, Anales de la XXXVII Reunion Anual de la Asociacion Argentina

de Economia Politica, Tucuman.

46



[41]

[42]

Lee C.J. (1995): “The Industrial Networks of Taiwan’s Small and Medium-
Sized Enterprises”, Journal of Industry Studies, vol. 2, pp. 75-87.

Leitner Y. (2005): “Financial Networks: Contagion, Commitment, and Pri-
vate Sector Bailouts”, Journal of Finance, vol. 50, pp. 2925-2953.

Lipp C.; L. Krempel (2001): “Petitions and the Social Context of Political
Mobilization in the Revolution of 1848/49. A Microhistorical Actor-Centered

Network Analysis”, International Review of Social History, 46(Supp.), pp.
151-170.

Maynard Smith, J.; G.R. Price (1973): “The Logic of Animal Conflict”,
Nature, vol. 146, pp. 15-18.

Mutuswami S.; E. Winter (2002): “Subscription Mechanisms for Network
Formation”, Journal of Economic Theory, vol. 106, pp. 242-264.

Myerson, R.B. (1977): “Graphs and cooperation in games”, Mathematics of
Operations Research, vol. 2, pp. 225-229.

Myerson, R.B. (1991): Game Theory: Analysis of Conflicts, Harvard Uni-

versity Press: Cambridge.

Nier, E.; J. Yang; T. Yorulmazer; A. Alentorn (2008): “Network Models and
Financial Stability”, Bank of England Working Paper, no. 346.

Padgett J.F.; C.K. Ansell (1993): “Robust Action and the Rise of the Medici,
1400 - 1434”7, American Journal of Sociology, vol. 98, pp. 1259-1319.

Qin, C. (1996): “Endogenous formation of cooperation structures”, Journal
of Economic Theory, vol. 69, pp. 218-226.

Rauch J.E; A. Casella (eds.) (2001): Networks and Markets, Russell Sage
Foundation: New York.

47



[52]

[53]

[58]

[61]

Ritzberger K.; J. W. Weibull (1995): “Evolutionary selection in normal-form
games”, Econometrica, vol. 63, pp. 1371-1399.

Slikker M.; A van den Nouweland (2000): “Network formation models with
costs for establishing links”, Review of Economic Design, vol. 5, pp. 333-362.

Slikker M.; A van den Nouweland (2001): “A one-stage model of link forma-
tion and pay division”, Games and Economic Behavior, vol. 34, pp. 153-175.

Slikker M.; B. Dutta; A. van den Nouweland; S. Tijs (2000): “Potential
maximizers and network formation”, Mathematical Social Sciences, vol. 39,
pp- 55-70.

Sui P. (2009): “Financial Contagion in Core-Periphery Network”, mimeo,
University of Warwick.

Tercieux O.; V. Vannetelbosch (2006): “A characterization of stochastically
stable networks”, International Journal of Game Theory, vol. 34, pp. 351-
369.

Tesfatsion L. (2002): “Hysteresis in an Evolutionary Labor Market with
Adaptive Search”, in S.-H. Chen (ed.) Ewvolutionary Computation in Eco-
nomics and Finance, Physica-Verlag: Heidelberg, New York, pp. 189-210.

Vega Redondo, F. (2007): Complex Social Networks, Econometric Society
Monograph Series, Cambridge University Press: Cambridge.

Vergara Caffarelli F. (2004): “Non-cooperative network formation with net-

work maintenance costs”, Furopean Unwversity Institute Working Paper,
ECO n. 2004-18.

Watts A. (2001): “A Dynamic Model of Network Formation”, Games and
Economic Behavior, vol. 34, pp. 331-341.

48



)

. 710

. 711

. 712

713
714

. 715

. 716

. 117

. 718

. 719

. 120

. 7121

. 122

. 123

. 124

. 125

. 726

. 727

. 128

. 729

730

. 7131

RECENTLY PUBLISHED “TEMI” (*)

Gradualism, transparency and the improved operational framework: a look at the
overnight volatility transmission, by Silvio Colarossi and Andrea Zaghini (May
2009).

The topology of the interbank market: developments in Italy since 1990, by Carmela
lazzetta and Michele Manna (May 2009).

Bank risk and monetary policy, by Yener Altunbas, Leonardo Gambacorta and
David Marqués-Ibafiez (May 2009).
Composite indicators for monetary analysis, by Andrea Nobili (May 2009).

L'attivita retail delle banche estere in Italia: effetti sull'offerta di credito alle
famiglie e alle imprese, by Luigi Infante and Paola Rossi (June 2009)

Firm heterogeneity and comparative advantage: the response of French firms to
Turkey's entry in the European Customs Union, by Ines Buono (June 2009).

The euro and firm restructuring, by Matteo Bugamelli, Fabiano Schivardi and
Roberta Zizza (June 2009).

When the highest bidder loses the auction: theory and evidence from public
procurement, by Francesco Decarolis (June 2009).

Innovation and productivity in SMEs. Empirical evidence for Italy, by Bronwyn H.
Hall, Francesca Lotti and Jacques Mairesse (June 2009).

Household wealth and entrepreneurship: is there a link?, by Silvia Magri (June
2009).

The announcement of monetary policy intentions, by Giuseppe Ferrero and
Alessandro Secchi (September 2009).

Trust and regulation: addressing a cultural bias, by Paolo Pinotti (September
20009).

The effects of privatization and consolidation on bank productivity: comparative
evidence from Italy and Germany, by E. Fiorentino, A. De Vincenzo, F. Heid, A.
Karmann and M. Koetter (September 2009).

Comparing forecast accuracy: a Monte Carlo investigation, by Fabio Busetti, Juri
Marcucci and Giovanni Veronese (September 2009).

Nonlinear dynamics in welfare and the evolution of world inequality, by Davide
Fiaschi and Marzia Romanelli (October 2009).

How are firms’ wages and prices linked: survey evidence in Europe , by Martine
Druant, Silvia Fabiani, Gabor Kezdi, Ana Lamo, Fernando Martins and Roberto
Sabbatini (October 2009).

Low skilled immigration and the expansion of private schools, by Davide Dottori
and I-Ling Shen (October 2009).

Sorting, reputation and entry in a market for experts, by Enrico Sette (October
2009).

Ricardian selection, by Andrea Finicelli, Patrizio Pagano and Massimo Sbracia
(October 2009).

Trade-revealed TFP, by Andrea Finicelli, Patrizio Pagano and Massimo Sbracia
(October 2009).

The riskiness of corporate bonds, by Marco Taboga (October 2009).

The interbank market after august 2007: what has changed and why?, by Paolo
Angelini, Andrea Nobili and Maria Cristina Picillo (October 2009).

Requests for copies should be sent to:
Banca d’Italia — Servizio Studi di struttura economica e finanziaria — Divisione Biblioteca e Archivio storico — Via
Nazionale, 91 — 00184 Rome — (fax 0039 06 47922059). They are available on the Internet www.bancaditalia.it.



"TEMI" LATER PUBLISHED ELSEWHERE

2006

F. BUSETTI, Tests of seasonal integration and cointegration in multivariate unobserved component
models, Journal of Applied Econometrics, Vol. 21, 4, pp. 419-438, TD No. 476 (June 2003).

C. BIANCOTTI, A polarization of inequality? The distribution of national Gini coefficients 1970-1996,
Journal of Economic Inequality, Vol. 4, 1, pp. 1-32, TD No. 487 (March 2004).

L. CANNARI and S. CHIRI, La bilancia dei pagamenti di parte corrente Nord-Sud (1998-2000), in L.
Cannari, F. Panetta (a cura di), Il sistema finanziario e il Mezzogiorno: squilibri strutturali e divari
finanziari, Bari, Cacucci, TD No. 490 (March 2004).

M. BoroNDI and G. GoBsl, Information barriers to entry into credit markets, Review of Finance, Vol. 10,
1, pp. 39-67, TD No. 509 (July 2004).

W. FucHs and LippI F., Monetary union with voluntary participation, Review of Economic Studies, Vol.
73, pp. 437-457 TD No. 512 (July 2004).

E. GAIOTTI and A. SECCHI, Is there a cost channel of monetary transmission? An investigation into the
pricing behaviour of 2000 firms, Journal of Money, Credit and Banking, Vol. 38, 8, pp. 2013-2038
TD No. 525 (December 2004).

A. BRANDOLINI, P. CiPOLLONE and E. VIVIANO, Does the ILO definition capture all unemployment?, Journal
of the European Economic Association, Vol. 4, 1, pp. 153-179, TD No. 529 (December 2004).

A. BRANDOLINI, L. CANNARI, G. D’ALESSIO and |. FAIELLA, Household wealth distribution in Italy in the
1990s, in E. N. Wolff (ed.) International Perspectives on Household Wealth, Cheltenham, Edward
Elgar, TD No. 530 (December 2004).

P. DEL GIlovANE and R. SABBATINI, Perceived and measured inflation after the launch of the Euro:
Explaining the gap in Italy, Giornale degli economisti e annali di economia, Vol. 65, 2 , pp. 155-
192, TD No. 532 (December 2004).

M. CARUSO, Monetary policy impulses, local output and the transmission mechanism, Giornale degli
economisti e annali di economia, Vol. 65, 1, pp. 1-30, TD No. 537 (December 2004).

L. Guiso and M. PAIELLA, The role of risk aversion in predicting individual behavior, In P. A. Chiappori e
C. Gollier (eds.) Competitive Failures in Insurance Markets: Theory and Policy Implications,
Monaco, CESifo, TD No. 546 (February 2005).

G. M. TomAT, Prices product differentiation and quality measurement: A comparison between hedonic
and matched model methods, Research in Economics, Vol. 60, 1, pp. 54-68, TD No. 547
(February 2005).

L. Guiso, M. PAIELLA and I. Visco, Do capital gains affect consumption? Estimates of wealth effects from
Italian household's behavior, in L. Klein (ed), Long Run Growth and Short Run Stabilization:
Essays in Memory of Albert Ando (1929-2002), Cheltenham, Elgar, TD No. 555 (June 2005).

F. BUSETTI, S. FABIANI and A. HARVEY, Convergence of prices and rates of inflation, Oxford Bulletin of
Economics and Statistics, Vol. 68, 1, pp. 863-878, TD No. 575 (February 2006).

M. CARUSO, Stock market fluctuations and money demand in Italy, 1913 - 2003, Economic Notes, Vol. 35,
1, pp. 1-47, TD No. 576 (February 2006).

R. BRONzINI and G. DE BLASIO, Evaluating the impact of investment incentives: The case of Italy’s Law
488/92. Journal of Urban Economics, Vol. 60, 2, pp. 327-349, TD No. 582 (March 2006).

R. BRONZzINI and G. DE BLASIO, Una valutazione degli incentivi pubblici agli investimenti, Rivista Italiana
degli Economisti , Vol. 11, 3, pp. 331-362, TD No. 582 (March 2006).

A. D1 CESARE, Do market-based indicators anticipate rating agencies? Evidence for international banks,
Economic Notes, Vol. 35, pp. 121-150, TD No. 593 (May 2006).

R. GOLINELLI and S. MOMIGLIANO, Real-time determinants of fiscal policies in the euro area, Journal of
Policy Modeling, Vol. 28, 9, pp. 943-964, TD No. 609 (December 2006).



2007

S. SIVIERO and D. TERLIZZESE, Macroeconomic forecasting: Debunking a few old wives’ tales, Journal of
Business Cycle Measurement and Analysis , v. 3, 3, pp. 287-316, TD No. 395 (February 2001).

S. MAGRI, ltalian households' debt: The participation to the debt market and the size of the loan,
Empirical Economics, v. 33, 3, pp. 401-426, TD No. 454 (October 2002).

L. CAsoLARO. and G. Gossl, Information technology and productivity changes in the banking industry,
Economic Notes, Vol. 36, 1, pp. 43-76, TD No. 489 (March 2004).

G. FERRERO, Monetary policy, learning and the speed of convergence, Journal of Economic Dynamics and
Control, v. 31, 9, pp. 3006-3041, TD No. 499 (June 2004).

M. PAIELLA, Does wealth affect consumption? Evidence for Italy, Journal of Macroeconomics, Vol. 29, 1,
pp. 189-205, TD No. 510 (July 2004).

F. Lippl. and S. NERI, Information variables for monetary policy in a small structural model of the euro
area, Journal of Monetary Economics, Vol. 54, 4, pp. 1256-1270, TD No. 511 (July 2004).

A. ANzUINI and A. LEVY, Monetary policy shocks in the new EU members: A VAR approach, Applied
Economics, Vol. 39, 9, pp. 1147-1161, TD No. 514 (July 2004).

D. JR. MARCHETTI and F. Nucci, Pricing behavior and the response of hours to productivity shocks,
Journal of Money Credit and Banking, v. 39, 7, pp. 1587-1611, TD No. 524 (December 2004).

R. BrRonzINI, FDI Inflows, agglomeration and host country firms' size: Evidence from lItaly, Regional
Studies, Vol. 41, 7, pp. 963-978, TD No. 526 (December 2004).

L. MONTEFORTE, Aggregation bias in macro models: Does it matter for the euro area?, Economic
Modelling, 24, pp. 236-261, TD No. 534 (December 2004).

A. NosBiLI, Assessing the predictive power of financial spreads in the euro area: does parameters
instability matter?, Empirical Economics, Vol. 31, 1, pp. 177-195, TD No. 544 (February 2005).

A. DALMAZz0 and G. DE BLASIO, Production and consumption externalities of human capital: An empirical
study for Italy, Journal of Population Economics, Vol. 20, 2, pp. 359-382, TD No. 554 (June 2005).

M. BUGAMELLI and R. TEDESCHI, Le strategie di prezzo delle imprese esportatrici italiane, Politica
Economica, v. 23, 3, pp. 321-350, TD No. 563 (November 2005).

L. GAMBACORTA and S. IANNOTTI, Are there asymmetries in the response of bank interest rates to
monetary shocks?, Applied Economics, v. 39, 19, pp. 2503-2517, TD No. 566 (November 2005).

P. ANGELINI and F. Lippl, Did prices really soar after the euro cash changeover? Evidence from ATM
withdrawals, International Journal of Central Banking, Vol. 3, 4, pp. 1-22, TD No. 581 (March 2006).

A. LocarnNo, Imperfect knowledge, adaptive learning and the bias against activist monetary policies,
International Journal of Central Banking, v. 3, 3, pp. 47-85, TD No. 590 (May 2006).

F. LoTTl and J. MARcuccl, Revisiting the empirical evidence on firms' money demand, Journal of
Economics and Business, Vol. 59, 1, pp. 51-73, TD No. 595 (May 2006).

P. CIpOLLONE and A. ROSOLIA, Social interactions in high school: Lessons from an earthquake, American
Economic Review, Vol. 97, 3, pp. 948-965, TD No. 596 (September 2006).

L. DEDOLA and S. NERI, What does a technology shock do? A VAR analysis with model-based sign restrictions,
Journal of Monetary Economics, Vol. 54, 2, pp. 512-549, TD No. 607 (December 2006).

F. VERGARA CAFFARELLI, Merge and compete: strategic incentives for vertical integration, Rivista di
politica economica, v. 97, 9-10, serie 3, pp. 203-243, TD No. 608 (December 2006).

A. BRANDOLINI, Measurement of income distribution in supranational entities: The case of the European
Union, in S. P. Jenkins e J. Micklewright (eds.), Inequality and Poverty Re-examined, Oxford,
Oxford University Press, TD No. 623 (April 2007).

M. PAIELLA, The foregone gains of incomplete portfolios, Review of Financial Studies, Vol. 20, 5, pp.
1623-1646, TD No. 625 (April 2007).

K. BEHRENS, A. R. LAMORGESE, G.I.P. OTTAVIANO and T. TABUCHI, Changes in transport and non
transport costs: local vs. global impacts in a spatial network, Regional Science and Urban
Economics, Vol. 37, 6, pp. 625-648, TD No. 628 (April 2007).

M. BUGAMELLLI, Prezzi delle esportazioni, qualita dei prodotti e caratteristiche di impresa: analisi su un
campione di imprese italiane, v. 34, 3, pp. 71-103, Economia e Politica Industriale, TD No. 634
(June 2007).

G. Ascarl and T. RopPELE, Optimal monetary policy under low trend inflation, Journal of Monetary
Economics, v. 54, 8, pp. 2568-2583, TD No. 647 (November 2007).



R. GIORDANO, S. MOMIGLIANO, S. NERI and R. PEROTTI, The Effects of Fiscal Policy in Italy: Evidence
from a VAR Model, European Journal of Political Economy, Vol. 23, 3, pp. 707-733, TD No. 656
(January 2008).

B. RoFFiA and A. ZAGHINI, Excess money growth and inflation dynamics, International Finance, v. 10, 3,
pp. 241-280, TD No. 657 (January 2008).

G. BARBIERI, P. CIPOLLONE and P. SESTITO, Labour market for teachers: demographic characteristics and
allocative mechanisms, Giornale degli economisti e annali di economia, v. 66, 3, pp. 335-373, TD
No. 672 (June 2008).

E. BREDA, R. CAPPARIELLO and R. ZizzA, Vertical specialisation in Europe: evidence from the import
content of exports, Rivista di politica economica, numero monografico,TD No. 682 (August
2008).

2008

P. ANGELINI, Liquidity and announcement effects in the euro area, Giornale degli Economisti e Annali di
Economia, v. 67, 1, pp. 1-20, TD No. 451 (October 2002).

P. ANGELINI, P. DEL GIOVANE, S. SIVIERO and D. TERLIZZESE, Monetary policy in a monetary union: What
role for regional information?, International Journal of Central Banking, v. 4, 3, pp. 1-28, TD No.
457 (December 2002).

F. ScHIVARDI and R. TORRINI, ldentifying the effects of firing restrictions through size-contingent
Differences in regulation, Labour Economics, v. 15, 3, pp. 482-511, TD No. 504 (June 2004).

L. Guiso and M. PAIELLA,, Risk aversion, wealth and background risk, Journal of the European Economic
Association, v. 6, 6, pp. 1109-1150, TD No. 483 (September 2003).

C. BiaNCOTTI, G. D'ALESsIO and A. NERI, Measurement errors in the Bank of Italy’s survey of household
income and wealth, Review of Income and Wealth, v. 54, 3, pp. 466-493, TD No. 520 (October
2004).

S. MOMIGLIANO, J. HENRY and P. HERNANDEZ DE Cos, The impact of government budget on prices:
Evidence from macroeconometric models, Journal of Policy Modelling, v. 30, 1, pp. 123-143 TD No.
523 (October 2004).

L. GAMBACORTA, How do banks set interest rates?, European Economic Review, v. 52, 5, pp. 792-819,
TD No. 542 (February 2005).

P. ANGELINI and A. GENERALE, On the evolution of firm size distributions, American Economic Review,
v. 98, 1, pp. 426-438, TD No. 549 (June 2005).

R. FELICI and M. PAGNINI, Distance, bank heterogeneity and entry in local banking markets, The Journal
of Industrial Economics, v. 56, 3, pp. 500-534, No. 557 (June 2005).

S. D1 ADDARIO and E. PATACCHINI, Wages and the city. Evidence from Italy, Labour Economics, v.15, 5,
pp. 1040-1061, TD No. 570 (January 2006).

M. PericoLI and M. TABOGA, Canonical term-structure models with observable factors and the dynamics
of bond risk premia, Journal of Money, Credit and Banking, v. 40, 7, pp. 1471-88, TD No. 580
(February 2006).

E. VIVIANO, Entry regulations and labour market outcomes. Evidence from the Italian retail trade sector,
Labour Economics, v. 15, 6, pp. 1200-1222, TD No. 594 (May 2006).

S. FEDERICO and G. A. MINERVA, Outward FDI and local employment growth in Italy, Review of World
Economics, Journal of Money, Credit and Banking, v. 144, 2, pp. 295-324, TD No. 613 (February
2007).

F. BUSETTI and A. HARVEY, Testing for trend, Econometric Theory, v. 24, 1, pp. 72-87, TD No. 614
(February 2007).

V. CESTARI, P. DEL GIOVANE and C. RossI-ARNAUD, Memory for prices and the Euro cash changeover: an
analysis for cinema prices in Italy, In P. Del Giovane e R. Sabbatini (eds.), The Euro Inflation and
Consumers’ Perceptions. Lessons from Italy, Berlin-Heidelberg, Springer, TD No. 619 (February 2007).

B. H. HALL, F. LoTTi and J. MAIRESSE, Employment, innovation and productivity: evidence from Italian
manufacturing microdata, Industrial and Corporate Change, v. 17, 4, pp. 813-839, TD No. 622 (April
2007).



J. SousaA and A. ZAGHINI, Monetary policy shocks in the Euro Area and global liquidity spillovers,
International Journal of Finance and Economics, v.13, 3, pp. 205-218, TD No. 629 (June 2007).

M. DEL GATTO, GIANMARCO |. P. OTTAVIANO and M. PAGNINI, Openness to trade and industry cost
dispersion: Evidence from a panel of Italian firms, Journal of Regional Science, v. 48, 1, pp. 97-
129, TD No. 635 (June 2007).

P. DEL GIOVANE, S. FABIANI and R. SABBATINI, What’s behind “inflation perceptions”? A survey-based
analysis of Italian consumers, in P. Del Giovane e R. Sabbatini (eds.), The Euro Inflation and
Consumers’ Perceptions. Lessons from Italy, Berlin-Heidelberg, Springer, TD No. 655 (January
2008).

B. BORTOLOTTI, and P. PINOTTI, Delayed privatization, Public Choice, v. 136, 3-4, pp. 331-351, TD No.
663 (April 2008).

R. Bonci and F. CoLumBA, Monetary policy effects: New evidence from the Italian flow of funds, Applied
Economics, v. 40, 21, pp. 2803-2818, TD No. 678 (June 2008).

M. CucCULELLI, and G. Micuccl, Family Succession and firm performance: evidence from ltalian family
firms, Journal of Corporate Finance, v. 14, 1, pp. 17-31, TD No. 680 (June 2008).

A. SILVESTRINI and D. VEREDAS, Temporal aggregation of univariate and multivariate time series models:
a survey, Journal of Economic Surveys, v. 22, 3, pp. 458-497, TD No. 685 (August 2008).

2009

F. PANETTA, F. SCHIVARDI and M. SHUM, Do mergers improve information? Evidence from the loan
market, Journal of Money, Credit, and Banking, v. 41, 4, pp. 673-709, TD No. 521 (October
2004).

P. PAGANO and M. PisANI, Risk-adjusted forecasts of oil prices, The B.E. Journal of Macroeconomics, v.
9, 1, Article 24, TD No. 585 (March 2006).

M. PericoLI and M. SBRACIA, The CAPM and the risk appetite index: theoretical differences, empirical
similarities, and implementation problems, International Finance, v. 12, 2, pp. 123-150, TD No.
586 (March 2006).

S. MAGRI, The financing of small innovative firms: the Italian case, Economics of Innovation and New
Technology, v. 18, 2, pp. 181-204, TD No. 640 (September 2007).

S. MAGRI, The financing of small entrepreneurs in Italy, Annals of Finance, v. 5, 3-4, pp. 397-419, TD
No. 640 (September 2007).

F. LORENZO, L. MONTEFORTE and L. SESSA, The general equilibrium effects of fiscal policy: estimates for the
euro area, Journal of Public Economics, v. 93, 3-4, pp. 559-585, TD No. 652 (November 2007).

R. GOLINELLI and S. MOMIGLIANO, The Cyclical Reaction of Fiscal Policies in the Euro Area. A Critical
Survey of Empirical Research, Fiscal Studies, v. 30, 1, pp. 39-72, TD No. 654 (January 2008).

P. DEL GIOVANE, S. FABIANI and R. SABBATINI, What’s behind “Inflation Perceptions”? A survey-based
analysis of Italian consumers, Giornale degli Economisti e Annali di Economia, v. 68, 1, pp. 25-
52, TD No. 655 (January 2008).

F. MACCHERONI, M. MARINACCI, A. RUSTICHINI and M. TABOGA, Portfolio selection with monotone mean-
variance preferences, Mathematical Finance, v. 19, 3, pp. 487-521, TD No. 664 (April 2008).

M. AFFINITO and M. Pi1AzzA, What are borders made of? An analysis of barriers to European banking
integration, in P. Alessandrini, M. Fratianni and A. Zazzaro (eds.): The Changing Geography of
Banking and Finance, Dordrecht Heidelberg London New York, Springer, TD No. 666 (April 2008).

L. ARCIERO, C. BIANCOTTI, L. D'AuRrIzIO and C. IMPENNA, Exploring agent-based methods for the analysis
of payment systems: A crisis model for StarLogo TNG, Journal of Artificial Societies and Social
Simulation, v. 12, 1, TD No. 686 (August 2008).

A. CALzA and A. ZAGHINI, Nonlinearities in the dynamics of the euro area demand for ML,
Macroeconomic Dynamics, v. 13, 1, pp. 1-19, TD No. 690 (September 2008).

L. FRANCESco and A. SEccHI, Technological change and the households’ demand for currency, Journal of
Monetary Economics, v. 56, 2, pp. 222-230, TD No. 697 (December 2008).

M. BUGAMELLI, F. SCHIVARDI and R. Zi1zzA, The euro and firm restructuring, in A. Alesina e F. Giavazzi
(eds): Europe and the Euro, Chicago, University of Chicago Press, TD No. 716 (June 2009).

B. HALL, F. LoTtTi and J. MAIRESSE, Innovation and productivity in SMEs: empirical evidence for Italy,
Small Business Economics, v. 33, 1, pp. 13-33, TD No. 718 (June 2009).



FORTHCOMING

L. MONTEFORTE and S. SIVIERO, The Economic Consequences of Euro Area Modelling Shortcuts, Applied
Economics, TD No. 458 (December 2002).

M. BUuGAMELLI and A. RosoLIA, Produttivita e concorrenza estera, Rivista di politica economica, TD
No. 578 (February 2006).

G. DE BLAsI0 and G. Nuzzo, Historical traditions of civicness and local economic development, Journal
of Regional Science, TD No. 591 (May 2006).

R. BRONZzINI and P. PIseLLI, Determinants of long-run regional productivity with geographical spillovers:
the role of R&D, human capital and public infrastructure, Regional Science and Urban
Economics, TD No. 597 (September 2006).

E. lossA and G. PALUMBO, Over-optimism and lender liability in the consumer credit market, Oxford
Economic Papers, TD No. 598 (September 2006).

U. ALBERTAZzI and L. GAMBACORTA, Bank profitability and the business cycle, Journal of Financial
Stability, TD No. 601 (September 2006).

A. CIARLONE, P. PISELLI and G. TREBESCHI, Emerging Markets' Spreads and Global Financial Conditions,
Journal of International Financial Markets, Institutions & Money, TD No. 637 (June 2007).

V. DI GIACINTO and G. Micuccl, The producer service sector in Italy: long-term growth and its local
determinants, Spatial Economic Analysis, TD No. 643 (September 2007).

Y. ALTUNBAS, L. GAMBACORTA and D. MARQUES, Securitisation and the bank lending channel, European
Economic Review, TD No. 653 (November 2007).

F. BALASSONE, F. MAURA and S. ZOTTERI, Cyclical asymmetry in fiscal variables in the EU, Empirica, TD
No. 671 (June 2008).

M. BUGAMELLI and F. PATERNO, Output growth volatility and remittances, Economica, TD No. 673 (June
2008).

M. lAacovIELLO and S. NEeRrI, Housing market spillovers: evidence from an estimated DSGE model,
American Economic Journal: Macroeconomics, TD No. 659 (January 2008).

A. ACCETTURO, Agglomeration and growth: the effects of commuting costs, Papers in Regional Science,
TD No. 688 (September 2008).

L. FORrNI, A. GERALI and M. PisANI, Macroeconomic effects of greater competition in the service sector:
the case of Italy, Macroeconomic Dynamics, TD No. 706 (March 2009).

Y. ALTUNBAS, L. GAMBACORTA, and D. MARQUES-IBANEZ, Bank risk and monetary policy, Journal of
Financial Stability, TD No. 712 (May 2009).





