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Abstract 
 
We develop a model where cash is only observable by the manager and she can save 
the cash. Our model is similar to Fudenberg and Tirole (1995) but extended to account 
for an infinite time horizon. We get consistent results about the interpretation of 
dividends as a good signal and that dividends are less volatile than the underlying cash 
flow of the firm (smoothnees). Empirical evidence support the idea that there is an 
asymmetric reaction in prices of shares after the announcement of initiations and 
omissions of dividend payment respectively. The jump- down is about two times bigger 
in absolute value than the jump-up. Existing models about dividends are not able to 
explain this asymmetry. With infinite time horizon we are able to explain the 
asymmetric reaction of the price of a share following the announcement of initiations or 
omissions of dividend payment. The model predicts that firm value will increase over 
time if there is no news about the firm. We also find that the existence of a manager 
with discretionary funds increase firm value. 
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1 IntroductionSince Modigliani-Miller's work (1958), economists have devoted much e�ort to understand-ing �rms' �nancial policies. Dividends are among the most important of such policies. Div-idends are an inne�cient instrument in corporate �nance due to tax on dividends. Whilein a Modigliani-Miller's world dividends may not exist, we know that a lot of �rms paydividends. Lintner (1956) showed that managers are concerned about dividend policy.Furthermore, managers �rst decide on dividend policy, and then, they decide on debt andequity.Yet there is no general agreement on what is the information structure and the enforce-ment mechanism between stockholders (or the board) and the manager (or managementteam) that allows the former to set the appropriate dividend policy ex-ante, without theneed to monitor the manager's action ex-post. Existing corporate �nance models aboutdividends can not explain the reaction to dividend policy announcements we see in thedata. Michaely, Thaler and Womack (1995) show that there is an asymmetric response tochanges in dividend policy. The jump upwards after an initiation of dividend payment issmaller in absolute value than the drop that follows an omission of dividend payment.For this asymmetry to exist the situation of the �rm when the manager pays dividendsfor the �rst time must be di�erent than the situation of the �rm when the manager paysdividends, given a history of dividend payment. In this model the di�erence is due to theexistence of hidden savings. Both whe cash �ows and stock of savings are only observableby the manager. The manager can save all or part of the cash generated in the �rm. Thisimplies that the longer the tenure of a manager, the higher the expected hidden savingsof the �rm. We will see that the manager's optimal decision is to pay the dividend targetwhenever she can. Hence not paying the dividend target means the �rm is in the worstsituation possible. Thus the value of a �rm whose manager is paying dividends is increasingwith the tenure, but the value of a �rm whose manager is not able to pay the dividend isconstant over time. The jump upwards after an initiation in dividend payment is �xed.The drop after an omission in dividend payment is increasing in absolute value with tenure.We present a model similar to Fudenberg and Tirole (1995). Both models explaindividend smoothing when cash �ows are only observable by the manager. She could savethe residual cash generated when high and she could use savings to pay dividends when thecash is low. We expand their model by assuming an in�nite time horizon and specifying1



the cash �ow generating process. This apparently simple expansion will allow us to explainsome issues related to the price of shares and dividends tenure. We allow too for hiddensavings and hidden �stealing�, so that there is an agency problem between the shareholdersand the manager, who has a trade-o� between stealing the money or staying longer ino�ce. We formulate the problem in continuous time and stipulate a simple Poisson processto determine changes in the state of the �rm, which in turn determines the cash �owsgenerated. In equilibrium, dividends are used by the market to imperfectly infer the state(high or low) of the cash �ows and the amount of hidden savings inside the �rm.There is an agency problem between the shareholders and the manager. The latteris the only one that observes the cash �ow and the cash stock. If shareholders have noway to force the manager to payout, the manager simply consumes all the cash generatedinstantaneously and the shareholders will get zero �discounted cash�. Shareholders are theowners of the �rms. They can establish a dividend target and �re the manager if she doesachieve it. We will show that under a broad parameter space it is optimal to establisha dividend smaller than the cash generated. This is optimal even if the shareholdersknow that the �rm is in the high state. Hence, smoothing is �second-best� optimal in ourframework.Two mechanisms are needed for this smoothness solution to be optimal. First, themanager has absolute discretion over the cash. We can justify this as long as the manageris the only one that observes the cash generated and hence the stock of cash. The managerchooses optimally what to do with the cash in every moment of time. Since the managerwill be �red instantaneously if she does not pay the dividend target, she would �nd optimalto pay the dividend target whenever she can. There is a trade-o� for the manager betweenconsuming or saving in the �rm. The utility that the manager gets from cash is linear.Saving in the �rm when the �rm is in the high state will allow the manager to remainlonger in o�ce when the �rm is in the low state. She will be able to pay dividends forsome time when the �rms goes to the low state. Since the manager has a time discountfactor, the returns to remain longer in the �rm has decreasing returns. Since consuminghas constant returns and savings has decreasing returns, it will be optimal for the managerto save until the returns of savings equals the returns of consuming.The second mechanism needed is to make it costly for the shareholders to �re themanager. Otherwise the shareholders will ask the manager the maximum amount of cashgenerated in the high state and instantaneously. They will �re her and hire a new one2



when the current manager is not able to pay the dividend target. This would convince themanager to pay the maximum whenever she can. We acount for the case where shareholdersdemand the entire amount of cash in each period with the threat of �ring the managerif she fails to comply. We �nd that this solution is optimal when the cost of �ring themanager is very low. In this case the manager cannot save in the �rm and the managerwill be �red when the �rm goes to the low state.Under some parameter values the drop after an omission is two or three times greaterin absolute value than the jump after an initiation of dividend payment. The value of the�rm during a crisis remains constant. For this asymmetry to exist the value of the �rmduring an expansion should increase as time evolves. Such assumption is consistent withthe widely extended idea in �nance that �NO NEWS IS GOOD NEWS�1. The value ofthe �rm after an announcement of an omission in the dividend payment (after a drop)will remain constant at the lowest possible value for a �rm. The value of a �rm after anannouncement of an initiation in the dividend payment, i. e. after a jump, will increaseuntil it converges to a value (the highest value for a �rm in our model). That is why thedrop is bigger than the jump. The reason why this happens is that, conditioning that themanager remains in the �rm, the expected value due to the distribution of savings in the�rm makes the probability of survival of the manager greater as time evolves. When thetenure of the manager is very long the probability of survival is close to 1. The maximumvalue is the value (the expected net discounted �ow) of a �rm whose probability of �ringthe manager (and paying the cost associated to this situation) is 0.Lintner (1956) showed that managers smooth the payout of cash to the shareholdersand that managers are reluctant to cut dividends. Our model is consistent with both facts.Under some parameter values, the manager �nds it optimal to have a totally constantdividend policy while the cash generated varies over time. Our model is also consistentwith the reluctance of cut dividend payment because in equilibrium the manager will paythe dividend whenever she can. As in most of the literature, there must be incentivecompatible for the manager to payout cash (dividends or repurchases), so there must be adisciplinary mechanism. Following Allen, Bernardo and Welch (2000), the presence of largeoutside shareholders on the board is an e�ective way to do so. In general, any mechanismthat makes the probability of survival of the manager in the �rm increasing with the amount(or existence) of payouts, is an e�ective way to mitigate the moral hazard problem (as in1See Campbell and Hentschel (1992). 3



Stiglitz-Weiss, 1983). In our case, the target dividend is �xed at the beginning of the game,and the probability of survival goes from 1 to 0 if the manager misses the target dividendsin the current period. The inclusion of a mixed strategy (i.e. prob. of survival greaterthan zero if the manager missed the target) would not change qualitatively the resultsof our model, but would introduce more technical di�culties. We take into account thislimitation. The e�ect of an entrenched manager, that is, a manager hard to get �red couldbe understood as a manager more unlikely to be successfully �red or just more expensively�red. We take the second option, using a cost of �ring the manager that could be a measureof entrenchment.The paper is organized as follows. Section 2 presents the model. In Section 3 we solvethe problem under perfect information, we solve the problem for the manager and for theshareholders and we present the implications of the solutions in market valuations. Insection 4 we summarize the numerical results. In section 5 we describe and discuss therelative size of the jumps (jump upward and downwards) in stock price that our modelpredicts. Section 6 concludes. Appendix A shows the steps followed to solve the Bellmanequations that represent shareholders' value in a perfect information set up and can be usedas a bench mark solution to the asymmetric information problem. Appendix B shows thesteps followed to solve the system of linear �rst-order di�erential equations that summarizethe manager's problem.2 The ModelConsider an economy where there is only one class of �rms, characterized by a cash �owgenerating process following a Markov chain with two states (high or low). Time is con-tinuous and state transitions are determined by Poisson processes. These processes areindependent across �rms. In this economy there are two classes of risk-neutral agents,managers and shareholders. Managers are penniless and obtain utility U per unit of timewhile they remain employed as managers of a �rm and zero otherwise. U accounts forwages or any other bene�t the manager receives from the �rm. There are many moremanagers than �rms, so that managers compete for positions at �rms. Once a manager is�red from a �rm the probability of being hired again by the same or another �rm is zero.Managers have no access to �nancial markets. The time horizon is in�nite. Every agenthas a discount rate of δ. The technology is such that every �rm needs one manager to4



generate some cash �ow that is observable only to the manager. All the parameters of themodel (subjective discount rates, probabilities of transition, taxes) are common knowledge.Let the discretionary cash �ow X follow a continuous time Markov switching processso that:
Xt =

{

1

0

if Yt = H,if Yt = L,where Yt = H, L is the state of the �rm at date t. Changes of state are governed by Poissonprocesses with intensities λ from H to L and µ from L to H.In each date the manager has three possible uses for the cash �ows generated; Theycan be paid in form of dividends to the shareholders, kept in the form of hidden savings orconsumed by the manager. The cash is saved by the manager at an interest rate of zero.This is a simpli�cation but is not restrictive.2 The manager has full discretion over theuse of the funds generated or accumulated by the �rm. The manager may choose to quitat no cost.We assume that shareholders establish a contract with the manager such that themanager is �red if she does not achieve a previously speci�ed dividend target d at anymoment of time. The dividend is subject to a proportional tax, denoted by φ. Thetarget d is agreed upon hiring the manager, and cannot be renegotiated afterwards. Wewill assume that the target is �xed in a �second-best� optimal manner so as to maximizeshareholders' wealth. Shareholders have to incur a �crisis� cost c each time a manager is�red. One could think of c as the administrative costs of �ring a manager and hiring hersuccessor, or whatever restructuring cost a �rm must incur while changing its managementteam (i.e. lawyers, taxes, delays). One could thing of c as a parameter increasing in thedegree of entrenchment of the incumbent manager. The more entrenched a manager is,the more costly it is for the shareholders to �re her.We can think of this model as a 2-stage game:- In the �rst stage, shareholders (anticipating the decisions that the manager will takein the second stage) establish a dividend target d. They will choose the value for d thatmaximizes their expected discounted net payo�s.2Is easy to see that if we allow the manager to have access to save the cash at a rate r < δ the solutionwould be of the same kind, but the manager would �nd optimal to save more cash. If r ≥ δ the managerwould �nd optimal to save an in�nite amount of cash, which is not realistic.5



- In the second stage, the manager decides on dividends, hidden savings and consump-tion conditional on the state of the cash �ow generating process and the amount of savings.The manager knows that she will be �red if she misses the dividend target.Outsiders look at the path of dividends paid by each �rm and the tenure of theirmanagers. Then, if they know the parameters and solve the model, as we do, they shouldbe able to form modeled beliefs about the state of cash �ow process and the amount ofhidden savings of an individual �rm, and impute a market value to its shares.We will solve the problem by backwards induction. First we focus on the problem ofthe manager for any d taken as given. Then, knowing the best strategy for the managerfor each d, we will solve the problem of the shareholders that choose their optimal dividendtarget d. Once the model is solved, we will look at its implications for �rms valuation. Inthe maximization problem for the shareholders and in the valuation analysis we will resortto numerical methods.3 SolutionThis section is organized as follows. In subsection 3.1 we present the analytical solution ofthe model in the presence of perfect information. In subsection 3.2 we derive the analyticalsolution to the problem of the manager in the second stage of the game(given all theparameters and every value for d chosen by shareholders in the �rst stage). Thus, we get asolution to the problem of the manager for every value of d . In subsection 3.3 we computethe optimal choice of d. Using s∗(d) we compute the expected value of the discountedpayo�s of the shareholders. The shareholders choose the value for d that maximizes thisexpected value. This results will be used in subsection 3.4 to analyze the impact of thismechanism on the valuation of the �rm's equity.3.1 Perfect Information caseIn the perfect information case the shareholders get always the cash �ow. The manager isnever �red, so the shareholders never pay the cost associated with �ring the manager, c.Shareholders receive an instantaneous net �ow of (1−φ) when the �rm is in the high state
(Yt = H) and get zero otherwise. Shareholders discount time at a rate δ. The Bellmanequations are then: 6



δW PI
H = (1 − φ) + λ (WL − WH)

δW PI
L = 0 + µ (WH − WL)Where W PI

i is the discounted payo�s the shareholders under perfect information if the�rm is in the state i. The left hand side is the instantaneous value. The right hand side arethe istantaneous payment and the isntantaneous probability of changing from state timethe di�erence in the value of being in each state. Solving the system we get:3
W PI

H =
(1 − φ) (δ + µ)

δ (δ + λ + µ)

W PI
L =

(1 − φ) µ

δ (δ + λ + µ)In the perfect information case there are no asymmetric reactions. W PI
H is the valuewhen the �rm is in the high state and W PI

L is the expected discount value when the �rm isin the low state. The jump is the di�erence between both values. Here, and in the imperfectinformation case the value of the �rm when the �rm is in the low state is constant. Herethe value of the �rm when the manager pays the divident target remains constant. Thevalue of a �rm whose manager pays the dividend target is independent of the tenure of themanager here.3.2 The Manager's ProblemUsing the results displayed below we are going to focus on a strategy whereby the managerwill pay the target dividend whenever she can. There is a threshold s∗ of hidden savings,endogenously chosen by the manager. If savings are below the threshold, the managersaves the residual cash �ows. If savings rise to the threshold, the manager consumes theresidual cash �ows.Result 1. The manager will pay the target dividend whenever she can if Yt = H .Justifying this is trivial since the manager will be �red instantaneously if she does notpay the dividend target, so the �stock� utility of not paying is equal to zero. In turn, the3The steps are in the appendix. 7



utility of paying a dividend and staying in the �rm is strictly greater than zero, since themanager will remain in the �rm for an expected length of time greater than zero and shewill get an instantaneous utility of U during this time interval.Result 2. The manager will never steal all or part of the hidden savings if s < s∗ and
Yt = L.In our model exponential law holds. This implies that the probability of changing ofstate is independent of the time the �rm has been in that state. As a consequence if themanager would like to consume the stock of savings when Yt = L, she will do this as soonas possible. It would be worse for the manager to decide to consume the cash later sincethere is a discount factor δ, and the probability of arrival of a shock that changes the stateremains constant.Notice also that the only reason a manager has to save in the �rm is because she doesnot want to be �red when Yt = L. Saving allows her to remain in the �rm for a period oftime when Yt = L, until the state changes to Yt = H again.4 There is no reason to saveup to an amount of savings s0 when Yt = H if the manager will consume this amount ofsavings as soon as the state changes to Yt = L. That is, if it is optimal for the managerto consume an amount of cash equal to s0 when Yt = L, it will be better not to save thisamount of cash. Since there is a time discount factor for the manager the same amountof cash gives higher utility if consumes earlier. Hence it would be better to consume thiscash when it was generated.Result 3. The manager will save in the �rm until the stock of savings makes the managerindi�erent between saving an in�nitely small amount of cash generated or consuming it.This de�nes the threshold s∗ ∈ [0, +∞) for savings accumulation, so that any residual cash�ow (Xt − d) is saved while s < s∗.5The manager decides on savings conditional on the state of the �rm and conditional onthe amount of savings already in the �rm.6 We are interested in the strategy follows by4For an amount of hidden savings of s and a dividend target of d if the �rm remains in the low state,the manager will be able to pay the dividend target and remain in the �rm for a period of t =

s

d
. That is,she will pay a �ow of d during a period of s

d
until savings get exhausted.5We take into account the case of s∗ = 0, but later we will see that if the manager is not going tosave any cash, it is optimal for the shareholders to establish a dividend target of d = 1 and the solution isanalytical.6In general the strategy of the manager should be a complete book of instructions of what to do forevery amount of savings and every state of the �rm. Here, we only need the threeshold when the �rm isin Y = H . 8



the manager conditioning on Y = H . Thus (conditional on Y = H) the manager shoulddecides on savings conditional on the amount of saving in the �rm. Note that conditionalon Y = H , the savings in the �rm grows linearly at a rate (1 − d). Hence the managershould decide when to stop saving and begin consuming.Notice �rst that the utility the manager gets from consuming the cash is linear. Howeverthe utility a manager gets from savings is increasing in the amount of savings and concave.Given the time discount factor, the instantaneous utility U received in the future is theless valuable than it is in the present.Under the referred strategy of the manager, the law of motion of the hidden savings is:
ṡ =











0 if s > s∗ and Y = H

1 − d if s < s∗ and Y = H

−d if s > 0 and Y = L

(1)The manager can observe the cash �ow generating process and the hidden savings atevery moment, so we can describe the value function of the manager in every state by thefollowing system of di�erential equations:
δVL(s) =

{

U − dV
′

L(s) + µ [VH(s) − VL(s)] if s > 0

0 if s = 0
(2)

δVH(s) =

{

U + (1 − d)V
′

H(s) − λ [VH(s) − VL(s)] if s < s∗

U + (1 − d) − λ [VH(s∗) − VL(s∗)] if s = s∗
(3)These equations are identities: the value Vi(·) and the �ow returns must be consistent.If the discount rate is δ, δVH(s) must be equal to the �ow returns. Thus, the left-hand sideof these equations are the �ow returns of the manager in state i with savings s and equalsthe sum of utility �ow from being a manager, consumption and capital gains. Capital gains(loses) are associated with Y = H (Y = L). While Y = H (Y = L) savings grow at a rate

(1 − d) (decrease at a rate d).Equations (2) and (3) de�ne a linear di�erential �rst-order equation system for s ∈

[0, s∗], and boundary conditions at 0 and s∗. Thus we will be able to derive an analyticalsolution for the manager's value maximizing problem. That is a value for s∗ and a explicitfunction for VH(s) and VL(s). For s ∈ (0, s∗), the system becomes:9



(

V
′

L(s)

V
′

H(s)

)

=

(

−(δ+µ)
d

µ

d
−λ
1−d

δ+λ
1−d

)(

VL(s)

VH(s)

)

+

(

U
d

−U
1−d

) (4)We will solve this problem like any dynamic linear system.7 We need two conditions inorder to �x the solution for the system. Beginning at s = 0 and using two initial conditionsthe general solution of the model is:
(

VL(s)

VH(s)

)

=

(

φ1(s) φ2(s)

φ3(s) φ4(s)

)(

VL(0)

VH(0)

)

+

(

h1(s)

h2(s)

) (5)where φijand hkare functions of s and the underlying parameters.
φ1(s) =

1

|P |

(

P1P2e
(λ1s) − P2P3e

(λ2s)
) (6)

φ2(s) =
P1P2

|P |

(

e(λ2s) − e(λ1s)
) (7)

φ3(s) =
P3P4

|P |

(

e(λ1s) − e(λ2s)
) (8)

φ4(s) =
1

|P |

(

P1P4e
(λ2s) − P2P3e

(λ1s)
) (9)

h1(s) = U
|P |

{

1
d

[

P2P3

λ2

(

1 − e(λ2s)
)

− P1P4

λ1

(

1 − e(λ1s)
)

]

+

+ 1
1−d

[

P1P2

λ2

(

1 − e(λ2s)
)

− P1P2

λ1

(

1 − e(λ1s)
)

]} (10)
h2(s) = U

|P |

{

1
d

[

P3P4

λ2

(

1 − e(λ2s)
)

− P3P4

λ1

(

1 − e(λ1s)
)

]

+

+ 1
1−d

[

P1P4

λ2

(

1 − e(λ2s)
)

− P2P3

λ1

(

1 − e(λ1s)
)

]} (11)where λj, Pj and |P | are functions of the underlying parameters only. Where λj are theeigenvalues of the system and Pj are the elements of the eigenvector matrix.8The way we have de�ned the system we have a value for VL(0) = 0 and a value for
VH(s∗), but using (5) evaluated at s = s∗ and (4) we get:7The complete process is in the appendix.8We provide detailed steps and complete formulas in the Appendix .10



VL(s∗) = φ2VH(0) + h1(s
∗)

VH(s∗) = φ4VH(0) + hs(s
∗)

δVH(s∗) = U + (1 − d) + λ [VL(s∗) − VH(s∗)]

(12)So we can express VH(0) as a function of s∗ and the original parameters only:
VH(0) =

U + (1 − d) − (δ + λ)h2(s
∗) + λh1(s

∗)

(δ + λ)φ4(s∗) − λφ2(s∗)
(13)This way of expressing the system (using two initial values) is very helpful for solvingthe system. We compute the values and function of this system for a given value of s∗.What remains is to determine the s∗that is optimal for the manager. This is the value of

s∗ that satis�es the so-called �smooth pasting condition�. In our case:
V

′

H(s∗) = 1 (14)meaning that the manager will save cash inside the �rm until the marginal value of savingequals the marginal value of stealing, that is constant and equal to 1. Notice that in orderto solve the shareholders maximization problem we only need the values of the parametersand the value of s∗ given a value of d.3.3 Shareholders' problemIn the previous subsection we have characterized the manager's optimal decision on savings.Now we take the value of s∗ as a function of d (s∗ = s∗(d)). Shareholders choose a dividendtarget d that maximizes the expected value of the discounted dividend �ow. We mustdistinguish two cases: d < 1 and d = 1.Interior solution, d < 1The problem has no close-form solution, so we simulate the total tenure T of the managerfor a given set of parameters. Note that given a set of parameters (including d) thereexist only one value for s∗ that solves the problem of the manager. In what follows we aregoing to compute the expected discount value for the shareholders conditioning on the �rmbeing in the high state (Yt = H) and the hidden savings are zero (s = 0) (i.e W PI = W PI
H ,

W = WH and W N = W N
H ). 11



First of all we generate N simulations of Markov chain.9 Using equation (1) and theoptimal value for s∗ the manager will chose we compute the evolution of savings throughtime. When savings drop to zero the manager is �red, so we take this step as the tenure
T of the manager.Once we have simulated the tenure T of the manager given the parameters, d and
s∗, we compute the expected discounted value of the cash �ow for the shareholders. Theshareholders receive a continuous �ow d(1 − φ) (after taxes). Shareholders discount at arate δ the cash �ow received. For a given value of T , the expected value for the shareholdersis:

d(1 − φ)

T
∫

0

(

e−δt
)

dt − C
(

e−δT
)

=
d(1 − φ)

δ

(

1 − e−δT
)

− C
(

e−δT
) (15)

C = E





τ
∫

0

ce−δtdt



 = E
[ c

δ

(

1 − e−δτ
)

]

=

+∞
∫

0

[ c

δ

(

1 − e−δτ
)

]

(

µe−µτ
)

dτ =
c

δ + µ
(16)where C is the expected cost of crisis the shareholders must incur at time T when themanager is �red. When the manager is �red the shareholders have to incur an instantaneouscost of c until a new manager is able to pay the dividends again. A new manager will onlybe able to pay the target dividend if the �rm reaches Yt = H again. Note that C is alsothe di�erence of the expected value of the �rm of being in the high state or in the low statewith a amanager who keeps zero savings (i.e. C = WH − WL ).The next step is to take expectations on T . The distribution of the total tenure of themanager T has no close form solution. We take the N simulations and for each one wecompute the value for the shareholders of this particular simulation.

wi(d, Ti) =

[

d(1 − φ)

δ

(

1 − e−δTi
)

−
c

δ + µ

(

e−δTi
)

] (17)The expected value of a complete cycle is then:9Every chain begin at Yt = H . We now that the �rst time a manager is able to pay d the �rm is in
Yt = H and s = 0. 12



w(d) =
1

N

N
∑

i=1

wi(d, Ti) (18)We have to take into account that shareholders are interested in every cycle, not onlyin the �rst one. For every simulation the duration of the cycle is the sum of the durationof the total tenure of the manager Ti and the duration of the crisis zi:
Di = Ti + ziHence, the expected total discount value for a simulation is:

Wi(d, Tji) = wi(d, T1i)+wi(d, T2i)e
−δD1i+wi(d, T3i)e

−δ(D1i+D2i)+· · ·+wi(d, TJi)e
−δ

(

J−1
∑

k=1

Dki

)

+· · ·

Wi(d, Tji) ' wi(d, T1i) +
J
∑

j=2

wi(d, Tji)e
−δ

(

j−1
∑

k=1

Dki

) (19)Where j is the position of the cycle over time (j = 1 denotes the �rst cycle, j = 2denotes the second cycle, etc) for each simulation. The total value for the shareholders is:
W (d) =

1

N

N
∑

i=1

Wi(d, Ti)

W (d) is the shareholders' object of interest. We compute a value of W (d) for eachvalue of d ∈ (0, 1). 10 Shareholders will choose a dividend target d that maximizes theirexpected value of the discounted dividend �ow.
Max
d∈(0,1)

W (d)In this case the shareholders do not ask the manager for all the cash generated, but just10We have found that for some extreme values of d the problem of the manager has no interior solution.These cases are not important as the shareholders will never choose such values of d. When the managerchooses a value of s∗ = 0, the optimal choice for the shareholders is d = 1. In particular, for the baselinecase we found that the value for the shareholders is zero or negative if they choose values of d greater then0.499. 13



a fraction. This allows the manager to save the residual cash while s < s∗ and consumethe residual while s < s∗. The manager will eventually consume part of the cash if savingsrise to s∗. Shareholders will not have to pay the cost c while the �rm is in the low state ifthere is a positive amount of cash in the �rm. Hence dividend smoothing is optimal as itmakes the value for the shareholders greater than if they ask for the total cash generated.11The �Naïve� solution d = 1The manager is not able to save any cash. Thus the manager will be �red as soon as the�rm turns into the low level of cash �ow (i.e. when Y = L). This is what we call the�Naive� solution. This solution will be optimal for the shareholders whenever the optimalchoice for the manager in the second step is s∗ = 0, unless the value for the shareholdersis negative. This is due to the fact that the only reason the shareholders have to establisha dividend target smaller than 1 is in order to make less frequent the cost associated witha crisis. If the manager is not going to save any cash the frequency of the crisis would bethe same as the frequency of the low state (this is the maximal frequency of crisis).We proceed here as in the perfect information case. The only di�erence is that now theshareholders will have to pay the cost of �ring the manager c each time the �rm is in thelow state, Yt = L. Shareholders receive an instantaneous net �ow of (1− φ) when the �rmis in the high state Yt = H and pay c if the �rm is in the low state, Yt = L. Shareholdersdiscount at a rate δ. The Bellman equations are then:
δW N

H = (1 − φ) + λ (WL − WH)

δW N
L = −c + µ (WH − WL)Where W N

i is the discounted payo�s the shareholders under perfect information if the�rm is in the state i. Solving the system we get:12
W N

H =
(1 − φ) (δ + µ) − λc

δ (δ + λ + µ)11We will see that this is the case for values of c big enough.12The complete process is in the appendix. 14



W N
L =

(1 − φ)µ − c (δ + λ)

δ (δ + λ + µ)Note that the shareholders always have the option to establish a dividend target of 1,so the �rm's value is at least W N
H . In this case the solution is analytical and it is notnecessary to simulate any chain in order to get the expectations. This is a corner solution,and will be optimal when the value of c is low enough or when the volatility of the Markovchain is low (i.e. low values for λ and µ). It is interesting to note that for values of c bigenough this expression would take negative values while the solution for d < 1 (and thesolution in the perfect information case) would not, in this case if the shareholders wouldnot have the possibility of establish a dividend target, they would not �nd optimal to ever�re the manager.3.4 Market valuationsThe more interesting feature of our model is that it can explain the asymmetric reaction inthe stock price of the shares of a �rm after the manager announces an initiation of dividendpayment and when they announce an omission of dividend payment.The positive jump in the price of the stock after an announcement of the paymentof the dividend is due to the di�erent discounted expected cash �ow for the shareholderswhen the �rm is in Yt = H and Yt = L, and the manager has no hidden savings in the�rm. When the �rm is not paying dividends, that means that Yt = L and s = 0. Theshareholders will have to incur an instantaneous cost of c while the �rm remains in thatsituation. Which has an expected cost of this is C = c

δ+µ
. 13 Note that Yt = L and

s = 0 is the worst situation a �rm can be in our model. But as long as there is a positiveprobability that the �rm goes to the high state (Yt = H) and thus, that the manager isable to pay the target dividend again, the value of the �rm could be positive. When the�rm goes back to Yt = H the shareholders are in the same situation as before (i.e. s = 0)but they do not have to pay C. So the size of this increase in the stock price is C.When the �rm begins to pay a dividend this means that Yt = H and s = 0. Whenthe �rm has been paying dividends for some time, there is some probability that the �rmis in Yt = L or Yt = H and the �rm could have di�erent amounts of hidden saving. We13Notice that the exponential distribution has no memory, so the expected cost is the same independentlyof the time that has past and the amount of costs paid.15



compute the evolution over time of Prob(Yt = H) and s, conditioning on the �rm payingdividends. We �nd that Prob(Yt = H) begins at 1 and is decreasing until it stabilizes atits ergodic value and s begins at 0 and is increasing until it stabilizes at its ergodic value(this value being smaller than s∗). What is not surprising.The drop in the price of the stock after the announcement of the omission of thepayment of the dividend depends on how much time has passed since the �rm began topay dividends. Since the value after the announcement is �xed but the value before theannouncement is a function of Prob(Yt = H) and s. The latter is increasing over time until
Prob(Yt = H) and s stabilize at their ergodic values.4 Numerical resultsIn this section we present some results using reasonable values for the parameters. Ourintention is not to calibrate or to make qualitative predictions. Our aim is to show thesign of the comparative statics and the qualitative e�ect of each of the parameters on theresults. We focus our analysis in some topics very common in the literature. Some of themhave been largely accepted by most of economists but there is some degree of disagreementabout others. In the next section we present the results about the asymmetric reactions inthe market after the manager announces a change in dividend policy. The jump-up afteran initiation is smaller than the drop after an omission. The drop is about two or threetimes bigger than than the jump-up in absolute value.Baseline caseOur unit of time is a quarter. A value of δ = 0.015 means a 1.5% quarterly interest rateor 6% annual interest rate. We have chosen reasonable values for λ and µ. They arereasonable in the sense that are smaller than one half and they are close to zero. We havetaken λ = µ for transparency. We will see that even in that case with symmetric underlyingcash �ows the duration of the cycles of the �rm are of di�erent length and not symmetric.The value of c is chosen to be one half also for transparency. The value of U has beenchosen arbitrarily small and does not change the results. We have chosen the parametersof the baseline as an illustration, we do no intend our parameters to replicate exactly whatwe see in reality. 16



Dividends as good signalsIn Table 3 we present the results when we change the values of λ and µ and we remainclose to the baseline case. The unconditional probability of the �rm to be in the highstate (Yt = H) when time goes to in�nity is Prob(Yt = H) = µ

λ+µ
. This probability isincreasing in λ and decreasing in µ. The greater the value of µ, the greater the expectedunderlying cash �ow. The lower the value of λ, the greater the expected underlying cash�ow. If we look at Table 3 we can see that greater expected underlying cash �ow meansgreater expected value for the shareholders (W ). This relation is also true for the naïvesolution (W N). The fact that the dividend target is increasing in λ and decreasing in µ isconsistent with the idea that dividends convey information of good cash �ows. The greaterthe dividend the greater the underlying cash �ow.It is interesting to see that the naïve solution is more sensitive to changes in λ and µthan the interior solution is. Very small changes ( smaller than 5%) in λ and µ make thegains of choosing the interior solution two times bigger.EntrenchmentThere is empirical evidence that �rms that are hold mainly by institutional investors arevery likely to pay dividends and that �rms hold by institutional investors have managersthat are not entrenched. Hence we will expect non-entrenched �rms to be very likely topay dividends and to pay higher dividends.In our model the parameter that measures the degree of entrenchment of a manager is

c. In most of the literature entrenchment is included with a parameter that measures theprobability of success when shareholders try to �re the manager. We do not assume thatthe manager is �red with some probability at zero cost. We assume that the manager is�red with probability one at a cost c. The greater the value of c the more entrenched is amanager.If we look at Table 4 we can see that the gains associated with the existence of hiddensavings are decreasing in c. Even more, for values of c of 0.2 or smaller there is no gainsin allowing the manager to save and eventually consume the cash. In this case the valueof the naïve solution is greater than the value of the interior solution.
17



Maturity HypothesisMost of the early literature has associated the existence of dividends with greater cash �ows.Late research in this �eld has claim that, on the contrary, dividends re�ect less volatilecash �ows. Thus, not greater cash �ows but more stable cash �ows. Both hypothesis agreethat dividends are good signals, but the implication of each of them in terms of future cash�ows of a dividend payment �rm, are very di�erent.Note that taking µ = λ the underlying state of the �rm Yt will be (on average) in eachof the states H and L. But the greater the value of λ (µ), the greater the volatility. With
µ = λ = 1, there will not be any change in state, so there is no volatility. With µ = λ → 1,state will change at every moment of time, so volatility is maximum.According with the maturity hypothesis, the greater the values of µ = λ the less likelyis that a �rm pays dividends. In Table 5 we can see that in our model this is not the case.The relation between volatility and dividends is ambiguous. However, it is true that forsmall values of µ and λ the naïve solution is likely to be better (greater expected discountvalue) than the interior solution. Those �rms whose managers are less entrenched (low
c) and whose cash �ows are less volatile are most likely to choose the naïve solution and,hence, pay the maximum amount of dividends (d = 1) (this argument support the maturityhypothesis).There is an arm-wrestling between the manager and the shareholders. Both are risk-neutral, but the manager is more a�ected by changes in the state than the shareholdersare. Notice that manager is only concerned about what happen in the �rm during the �rstcycle because after that the manager is out of the �rm and has no utility. Nevertheless,shareholders are interested in what happens in all the cycles of the �rm. Remaining for along time interval in the low state is bad for the shareholders since they have to �re themanager, pay the costs associated to it and wait until the �rm reaches the high state again.But �ring the manager is worse for the manager since she is �red and she get zero afterthat. These di�erences in how changes in volatility a�ect the utility of the manager andthe utility of the shareholders means that s∗ is increasing with volatility. The managerchooses greater bu�ers in response to greater volatility. This fact is interesting becausewhat we found is that higher volatility (greater values of µ and λ) means higher �rm's value(greater values for W ), if the solution is interior. On the contrary, if the naïve solution isoptimal, the �rm's value is lower for greater values of µ and λ.18



Managers responds to increases in volatility with increases in precautionary bu�ers,which in turn increases the value for the shareholders. In other words, managers performbetter if the probability of being �red increases. But in any case the solution for s∗ is �nite,meaning that the manager may eventually consume part of the cash generated.5 Asymmetric reactionsIn our model asymmetric reactions only occurs under the interior solution. Under thenaïve solution there is not asymmetry since there are no hidden savings and there is nouncertainty about the state of the �rm, i. e. if the �rm is paying dividends, the �rm is thehigh state.Traditional models about dividends as a signal make not distinction between initiationsand omissions of dividend payment. Dividends are good news and no-dividend are badnews. In a static framework not much can be said about that. We present a model ofin�nite time horizon and we found that not only the existence of a current dividend, butalso the immediate past history of dividend payments give us valuable information - evenwith a cash �ow generating process with no memory (1st order Markov chain).Empirical papers about this topic found that the average abnormal returns to dividendincreases are between two and three times bigger than the average abnormal reactionto dividend decreases (in absolute value). For dividend initiations and omissions, themagnitude is even bigger. 14We can see in (4) that the jump after an initiation of a dividend payment is 2.3. Thedrop in the value of the �rm after an omission of dividend payment is 4.3, 6.4, 7.6 or 8.0respectively. This means that under the baseline case the drop after an omission is between1.5 and 3.5 times greater than the jump after an initiation. Which is consistent with therelative size observed in empirical works.It is interesting to see that after a manager announces a change in dividend policy(an initiation in dividend payment) and does not change this decision, the value of the�rm increases over time. That is, no news are good news. One might think that this is aproblem of under reaction, and the market should anticipate this upward trend and adjustthe value of the �rm. But this is not the case, since the values showed in Figure 4 are the14See Allen and Michaeli (2002) for details. 19



true values of the �rm (i.e the expected discount cash �ow). One may argue that it is notpossible that the expected discount �ow (the stock price) of a �rm changes if there are nochanges in the information available to the market. This point is right, but this is not incontradiction with the results in Figure 4. What this results suggest is that the time haspassed without any change in the information given by the manager or the �rm give us alsovaluable information. If a researcher is interested in pricing such an asset we would �nduseful the information relative to the tenure of the manager and the past history aboutpayout policy, and not only the amount of the last dividend already paid.6 ConclusionsWe have taken an approach similar to Fudenberg and Tirole (1995) and expanded it within�nite time horizon and a more structural approach. We show that allowing the managerto save in the �rm can increase the expected discount value for the shareholders. This istrue even if this is ine�cient in two ways: it is inne�cient because saving in the �rm at azero rate is less attractive than paying out all the cash generated and because the managerwould eventually consume some cash. The reasons for this are the high cost associatedwhen �ring the manager and the frequency associated with more volatile cash �ows.Our results show that the model is (at least qualitatively) consistent with the empiricfacts observed in the data:1. Smoothing is a result of the equilibrium and solves partially the agency problembetween the manager and the shareholders.2. Higher dividend payment is associated with higher underlying cash �ows and hence,greater value (stock price).3. Dividends are more likely to be paid in �rms whose managers are non entrenched.4. Firms with institutional investors are less likely to have an entrenched manager andhence, are more likely to pay dividends.While our model generates implications that are consistent with the available empiricaldata, it also provides a micro-founded explanation about the asymmetric reaction after20
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A Solving the Bellman equations:A.1 Perfect Information caseThese Bellman equations show the payo�s of the shareholders when the �rm is in each state(H , L) under perfect information. While the �rm is in the high state (H) the shareholdersget an instantaneous �ow of 1 unit ((1 − φ) after taxes) and receive a shock with intensity
λ that bring the �rm to the low state (L). While the �rm is in the low state (L) theshareholders get an instantaneous �ow of 0 and will receive a shock with intensity µ thatbring the �rm to the high state (H). Shareholders has a time discount factor of δ.
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W PI
L =

(1 − φ) µ

δ (δ + λ + µ)A.2 Naïve solutionThese Bellman equations show the payo�s of the shareholders when the �rm is in eachstate (H , L) and the shareholders choose the naive solution. While the �rm is in the highstate (H) the shareholders get an instantaneous �ow of 1 unit ((1 − φ) after taxes) andreceive a shock with intensity λ that bring the �rm to the low state (L). While the �rmis in the low state (L) the shareholders pay an instantaneous cost of c and will receive ashock with intensity µ that bring the �rm to the high state (H). Shareholders has a timediscount factor of δ.
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δ (δ + λ + µ)B Solving the linear �rst-order di�erential equation sys-tem1. Find the eigenvalues15 of the system:
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2d(1 − d)15Notice that given reasonable values for the original parameters, there will always be one eigenvaluepositive and one will be negative, so any critical point of the system will be a saddle point solution.
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2. Find the eigenvectors associated to these eigenvalues:
(A − λiI)

(

X
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= 0For (λ1) we get:
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4. The solution to the system as a function of the initial values is then:
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Tables Table 1: Underlying parametersDe�nition SymbolIntensity of shocks per unit of time in low state (L) µIntensity of shocks per unit of time in high state (H) λTime discount factor δInstantaneous utility of the manager while managing a �rm UDividend tax rate φInstantaneous cost of �ring a manager cTarget dividend dTable 2: Baseline parametersDe�nition SymbolIntensity of shocks per unit of time in low state (L) µIntensity of shocks per unit of time in high state (H) λTime discount factor δInstantaneous utility of the manager while managing a �rm UDividend tax rate φInstantaneous cost of �ring a manager c

Baseline Value
0.2
0.2

0.015
0.1
0.3
0.5
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Table 3: Variations in λ and µ
Parameters d s∗ W W N W PI % A % B

Baseline 0.449 16.16 14.9 8.1 24.1 38.2% 84.1%
λ = 0.18 0.478 15.75 16.4 10.2 25.4 35.0% 61.5%
λ = 0.22 0.426 16.02 14.0 6.2 23.0 39.0% 126.5%
µ = 0.18 0.427 15.54 13.7 6.1 23.0 40.4% 122.7%
µ = 0.22 0.466 17.11 16.0 9.8 25.2 36.4% 62.2%- % A are the loss in shareholders value due to the fact of asymmetric information (%A =

W PI−W
W PI × 100).- % B are the gains in shareholders value due to the existence of hidden savings (%B =

W−W N

W N × 100). Table 4: Entrenchment
Parameters d s∗ W W N W PI % A % B

Baseline 0.449 16.16 14.9 8.1 24.2 38.2% 84.1%
c = 0.1 0.462 14.29 17.2 20.9 24.2 28.5% 0%
c = 0.2 0.462 14.29 16.9 17.7 24.2 30.0% 0%
c = 0.3 0.450 16.02 16.1 14.5 24.2 33.3% 10.8%
c = 0.4 0.460 14.58 15.5 11.3 24.2 35.8% 37.0%- % A are the loss in shareholders value due to the fact of asymmetric information (%A =

W PI−W
W PI × 100).- % B are the gains in shareholders value due to the existence of hidden savings (%B =

W−W N

W N × 100). Table 5: Maturity Hypothesis
Parameters d s∗ W W N W PI % A % B
µ = λ = 0.1 0.445 16.10 14.0 9.5 25.0 43.9% 48.1%
Baseline 0.449 16.16 14.9 8.1 24.1 38.2% 84.1%

µ = λ = 0.3 0.426 19.46 15.4 7.6 23.9 35.6% 101.4%- % A are the loss in shareholders value due to the fact of asymmetric information (%A =
W PI−W

W PI × 100).- % B are the gains in shareholders value due to the existence of hidden savings (%B =
W−W N

W N × 100).
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GraphicsFigure 1: Evolution of the hidden savings for di�erent simulations.

Figure 2: Maximization in d.
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Figure 3: Evolution of the state of the �rm (H, L) and hidden savings over time.
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Figure 4: Asymmetric reactions
a) b)
c) d)Evolution over time of the value of the �rm if the manager initiate the dividend paymentat t = 0 and she has been able to pay the dividend target during 5 quarters (a), 10 quarters(b), 15 quarters (c) or 20 quarters (d).
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