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1. Introduction which has also developed greatly in the last few decades. In par-
‘ ) 4 ‘ o ticular, spectrally positive Lévy processes form a very tractable
In this paper we consider the classical optimal dividend prob-  subclass which has been much exploited recently both in the the-

lem of de Finetti for an iI?S.Ufan,CE company whose risk process  oretical and in the actuarial literature, for example, Avanzi et al.
gvolves as a spectrally positive Lévy process in the absence of div- (2007), Avanzi and Gerber (2008), Bayraktar and Egami (2008), Li
idend payments. Over the last decade there has been a great deal and Wu (2008), Ng (2009), Yao et al. (2010), Dai et al. (2010, 2011),

of interest in the insurance risk process as modeled by a Lévy pro- . .
cess, going back to the work of Kliippelberg et al. (2004). In this lit- é\zv(;a 1n 3Z; E; :c:'rgr?llelg'u}szyfreavl;tar et al. (2013a,b) and Yin and Wen

erature, the traditional compound Poisson model is replaced by a . .

general Lévy process, allowing for much greater flexibility in mod- The recent paper of Bayraktar et al. (2013a) studied the classical

eling as well as access to the growing literature on Lévy processes 4 Finetti's optimal dividend problem where the surplus of a
company is modeled by a spectrally positive Lévy process. We

continue this optimal dividend problem but add a component to

the dividend-value function that penalizes early ruin of controlled

risk processes. We now state the control problem considered in

this paper. Let X = {X(t)};>0 be a Lévy process without negative

jumps defined on a filtered probability space (£2, £, F, P), where

* Corresponding author. Tel.: +86 5374453221; fax: +86 0537 4455076. F = (%¢)=0 is generated by the process X and satisfies the usual
E-mail addresses: ccyin@mail.qfnu.edu.cn, chuancunyin@sina.com (C. Yin). conditions. As the process X has no negative jumps, its Laplace
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exponent exists and is given by

1 1
U () = — InEe™ % = ¢ + —c26?
t 2

oo
+/ (e — 1+ 0x1y 1)) I1(dx), (1.1)
0

where 14 is the indicator function ofaset A, ¢ > 0,0 > 0and IT is
a measure on (0, oo) satisfying ((c, o, IT) is called the Lévy triplet
of X)

/m(l A X2 (dx) < oo.
0

Denote by P, for the law of X when X(0) = x. Let E, be the
expectation associated with P,. For short, we write P and E when
X(0) = 0. To avoid trivialities, it is assumed that X does not have
monotone sample paths. In the sequel, we assume that —¥’(0+)
= E(X(1)) > 0 which implies that the process X drifts to +oo0. It
is well known that if ffo yI1(dy) < oo, then E(X(1)) < o0, and
EX(1)) = —c + floc yII(dy). Note that X has paths of bounded
variation if and only if

o0
o =0 and / (1 AX)T(dx) < o0.
0

In this case, we write (1.1) as
-l oo
U (0) = cof + 50292 + / (e™" — )M (dx), (1.2)
0

withcg = ¢ + fol xIT(dx) the so-called drift of X. In particu-
lar, in the case where o = 0, IT(dx) = AP(dx), the process be-
comes the dual model in Avanzi et al. (2007), and in the case where
IT(dx) = AP(dx), the process becomes the dual model with diffu-
sion in Avanzi and Gerber (2008). For more details on spectrally
positive Lévy processes, the reader is referred to Bertoin (1996),
Sato (1999) and Kyprianou (2006).

The process X is an appropriate model of a company driven
by inventions or discoveries, or the cash fund of an investment
company before dividends are deducted. Let 7 = {L} : t > O} be a
dividend strategy consisting of a nondecreasing, right-continuous
and F-adapted process starting at 0, where LT stands for the lump-
sums of dividends paid out by the company up until time t. The
risk process with initial capital x > 0 and controlled by a dividend
strategy 7 is defined by U™ = {U] : t > 0}, where

ur =X@t —Ly, t=0.

The ruin time is then given by
7, = inf{t > O|U = 0}.

A dividend strategy is called admissible if LT — LT < U, for all
t < T, in other words the lump sum dividend payment is smaller
than the size of the available capital. We define the dividend-value
function V,; by

T
Ve(x) =E [ f e 9 dLT + Se”9 |UT = x] ,
0

where g > 0 is an interest force for the calculation of the present
value and S € R is the terminal value. Let Z be the set of all ad-
missible dividend policies. De Finetti’s dividend problem consists
of solving the following stochastic control problem:

V(x) = sup Vz (%), (1.3)
rer

and to find an optimal policy 7* € Z that satisfies V (x) = V+(x)

forall x > 0.

Next, we shall have a review on the related literature. This opti-
mal dividend problem has recently gained a lot of attention in ac-
tuarial mathematics for spectrally negative Lévy processes. Avram
et al. (2007), Loeffen (2008) and Kyprianou et al. (2010) studied
the case of S = 0 for spectrally negative Lévy processes. The case
S < 0 was studied by Thonhauser and Albrecher (2007) for the
compound Poisson model and Brownian motion risk process. The
case S € R was studied by Loeffen (2009) and Loeffen and Renaud
(2010) for spectrally negative Lévy processes. It was shown that
the optimal dividend strategy is formed by a barrier strategy for
this type model under some conditions imposed on the Lévy mea-
sure. Moreover, Azcue and Muler (2005) have provided a counter-
example for the case S = 0 showing that a barrier strategy cannot
be optimal. However, this is in contrast to the dividend problem in
the case of S = 0 for spectrally positive Lévy processes considered
by Bayraktar et al. (2013a), which shows that there a barrier strat-
egy always forms the optimal strategy, no matter the form of the
jump measure. Motivated by the work of Bayraktar et al. (2013a),
the purpose of this paper is to examine the analogous question for
the same model in the case of S # 0.

The rest of the paper is organized as follows. In Section 2
we state some facts about scale functions. In Section 3 we give
the main results. Explicit expressions for the expected discounted
value of dividend payments are obtained, and it is shown that the
optimal dividend strategy is formed by a barrier strategy.

2. Scale functions

For an arbitrary spectrally positive Lévy process, the Laplace
exponent ¥ is strictly convex and limy_, o ¥ (#) = o0. Moreover,
¥ is strictly increasing on [ (0), oo), where @ (0) is the largest
zero of . Thus there exists a function @ : [0, c0) — [@(0), 00)
defined by @ (q) = sup{6# > 0 : ¥ (0) = q} (its right-inverse) and
such that ¥ (®(q)) =q, ¢ > 0.

We now recall the definition of the g-scale function W@ and
some properties of this function. For each ¢ > 0 there exists a
continuous and increasing function W@ : R — [0, c0), called
the g-scale function defined in such a way that W@ (x) = 0 for all
X < 0and on [0, c0) its Laplace transform is given by

/Oo e W@ (x)dx = 0 > &(q). (2.1)
0

v()-q
Closely related to W@ is the scale function Z‘© given by

X
Z@Dx) =1+ q/ W@ @yydy, xeR.
0
We will also use the following functions:

X
W) = / W@ (2)dz,
0

79 x) :[ Z9D(z)dz, xeR.
0

Note that

70w =1, 79 =x,
If X has paths of bounded variation then, for allq > 0, W@| ) €
C'(0, oo) ifand only if IT has no atoms. In the case that X has paths
of unbounded variation, then for all g > 0, W@ |, € C'(0, 00).
Moreoverif ¢ > 0 then C2(0, co). Further, if the Lévy measure has
a density, then the scale functions are always differentiable (see
e.g.Chanetal, 2011).

The initial values of W@ and its derivative can be derived from
(2.1):

x <0.

1 . .
w® 04) = {CO, if X has paths of bounded variation,
0, otherwise,
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and
%, ifo #0,

W(B)/(O"') = w, if X is compound Poisson,
00, K ifo = 0and I1(0, c0) = o0.

The functions W@ (x) and Z@ (x) play a key role in the solution
of two-sided exit problem. The following results can be extracted
directly out of the existing literature. See for example Korolyuk
et al. (1976), Bertoin (1997), Avram et al. (2004) and Kuznetsov
et al. (2013) in a somewhat different form. Define the first passage
times for a < b, with the convention inf # = oo,

T,) = inf{t > 0: X(t) > b},
T, =inf{t > 0: X(t) < a},

. =T, AT, .
Then we have forx,y € (a,b),q > 0,z > b,

W@ (b — x)

—qTq A
Ex(e I{Ta’ <Tb+}) = W@ (b — a) 5 (22)
_art
Ex(e ay 1(T;'<Ta_}) =ZD(h—x)— W(q)(b —x)
Z9Mb—a
Q, (2.3)
W@ (b — a)
o? /
E, (eiqt“b‘l(x(rab):b}) — > w@ (b—x) — W(q)(b —x)
W(q)/(b —q)
X————1] (2.4)
W@ (b — a)
Ex (€79 V(g - yedy X(rap)edzy) = U (x, y) 1T (dz — y)dy, (2.5)

where
W(‘I)(y —a)
W@ (b — a)
The identities (2.2) and (2.3) together with the strong Markov
property imply that

e*Q(MTab)W(q)(b —X(t A Ta)),

u(Q)(X, y) = W(q)(b —X) _ W(CI)(y —X).

e~ 4t tan) 7 (@) (b= X(t A Tap))

and

g~ 9(t"ab) <z<q> (b —X(t A tap)) = WD (b —X(t A tap))

79 (b — a) )
ZfTb-a
W(q)(b — a)

are martingales.
3. Main results

Denoted by 7, = {I?,t < <t} the constant barrier strategy
at level b and let U, = {Up(t) : t > 0} be the corresponding
risk process, where U,(t) = X(t) — Dy(t), with [2_ = 0 and
L? = (bVsupg<,< X(s)) — b. Note that U, (t) is a spectrally positive
Lévy process reflected at b, 7, € & and Lg =x—DbifX(0) =x > b.
Denote by V;(x) the dividend-value function when using the divi-
dend strategy 7, that is,

Ty
Vp(x) = Ex U e ddrh + Se—qu} , 0<x<b,
0
where T, = inf{t > 0 : Up(t) = 0} with T, = co if Upy(t) > 0

forall t > 0. Here g > 0 is the discount factor and S € R is the
terminal value.

We will now present the main results of this paper.

Theorem 3.1. The dividend-value function of the barrier strategy at
level b > 0 is given by

AB)ZDDb—x) —ZP b —x)

v’ (04) .
V(%) = T fO=x=b (37
x—b+A(b)—w(;)+), if x> b,
where
_ (5@ v'(04) 1
A(b) = (Z (b) + a +S> 7o)

Theorem 3.2. The barrier strategy at b* is an optimal strategy for
the control problem (1.3) regardless of the Lévy measure, i.e. V(x) =
Vi (x), where

7)1 (_@ _S>7 i - W(;H) _ss0,

b* = , (3.2)
0, i — 20D oy
_Z(q) (b* %)
' (04) ¥'(0+4)
Vi (X) = T T g f- —5>0, (3.3)
X—+S, if—lI/(O—H—SSO,

foranyx > 0.

To prove Theorems 3.1 and 3.2, we need several lemmas.
Denote by # the extended generator of the process X, which
acts on C? function g defined by

1
AZ(X) = 502g“(><) —cg' (%)

+/ [gx+Y) —g®) — g @yl <yldy). (34)
0

Lemma 3.1. Let S = 0. Assume that Vj,(x) is bounded and twice
continuously differentiable on (0, b) with a bounded first derivative.
Then V,(x) satisfies the following integro-differential equation:

AVp(x) = qVp (%),
together with the boundary conditions
Vh(0) =0,  Vy(b) =1,

Vy(X) =x — b+ Vu(b) forx > b.

0 <x<b,

Proof. Similar to the case of jump-diffusion (cf. Yin et al., 2013 or,
Yin and Wen, 2013a,b), applying the It6’s formula for semimartin-
gales one has

Ex [e 9 DV, (Up(ty A Ty)) ]
tnATh
— Vo) +Es / P (A — )V (Up(s)1ds
0

taATp
—E, [/ e“’tde] ,
0

where {t,, n > 1} is an appropriate localization sequence of stop-
ping times. Letting n — oo and note that V;,(0) = 0 we have

Tp
Vo(x) = Ey [ / e—qdef] .
0

This ends the proof.
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Remark 3.1. With I7(dx) = AP(dx), where A > 0 and P(y) is a
probability distribution function on (0, c0), the result of Lemma 3.1
reduces to the results of Avanzi and Gerber (2008, (2.3)-(2.6)).

Lemma 3.2. For b,q > 0and 0 < x < b, we have

Z@Db —x)

E, [e’QTb] — 7o)

(3.5)

Proof. Let Y,(t) = b — Up(t), then Y, is a reflected Lévy process
with initial value b — x. Define T, = inf{t > 0: Yy(t) > b}, then
Z@b —x)
Z@(b)
where in the last step we have used the result of Proposition 2(i) in

Pistorius (2004); see also Theorem 2.8(i) in Kuznetsov et al. (2013).
This ends the proof.

’

E[e™10y(0) = x] = E[e1%,0) = b —x] =

The following lemma due to Bayraktar et al. (2013a). Here we
give a different proof.

Lemma 3.3. For b,q > 0and 0 < x < b, define

Tp
V(x, b) = E, [/ eqdef] ,
0

then we have

(q)

(b) 7@ =@

V(x,b) = Z<q>(b) b-x)—-Z27"(b-x
w'04) (Z@(b —x)
+ . ( 7o) —1). (3.6)

Proof. By the law of total probability and the strong Markov prop-
erty as in Yin et al. (2013), we have

V(x, b) = hi(x)V (b, b) + hy(x), (3.7)
where
hi(x) = Ex (e_qu;rl{T;r<T(;]) ,
and
ha09) = Ex (e (X(Ty) = D)1y ) -
By (2.3),
(@
hy(x) =Z9b —x) — WP (b —x) \i/j@((bb)) ) (3.8)
By (2.5),
b [ee)
a@ﬂhmm@%0=f /jWWW
y=0 Jz=
x I1(dz — y)dy
= LK) — LX), (3.9)
where
_ [ [rwor-n
L(x) = /y‘ 0(§ bWT(b)W (V)zI1(dz — y)dy
_ _bZ¥d) @
= _W((q;)(b)wq (b —x) + bcW'P(b — x)
Wb —-x) (~@ v'(0+)
“Wob) ( (b) — p ——Z%(b)
i (;H)) , (3.10)

b 9]
L(x) = / W@ (y — x)zIT(dz — y)dy
N% z=b

—bZ@ (b — x) + bcW? (b — x)
w'(0 w'(0
+79% —x) — L 200y 4 (q+), (3.11)
Substituting (3.10) and (3.11) into (3.9) we get
E, (e—qT;X(TgL)l{T;rdJ])
Wb —x) /- —(@) @
“Wow (Z9®) - w0 W ) — b2 (b))
—Z90 —x) + ¥ (O0HW P (b —x) +bZ9 (b - x),
from which and (3.8) we arrive at
W@ —x) /—@ —()
) = =y (0 - oW m)
70 —x) + ' O0HW? (b — x). (3.12)

Substituting (3.8) and (3.12) into (3.7) and using the boundary con-
dition V’(b, b) = 1 in Lemma 3.1, we get

(@
VoD = Gm tzow ~ ¢

and the result follows.

Proof of Theorem 3.1. The result follows from Lemmas 3.2 and
3.3.

Proof of Theorem 3.2. By differentiating (3.1), we obtain that
—qAbLW? (b —x)

+Z9®B —x), if0o<x<b,
1, ifx > b.

V(%) = (3.13)

It follows that V,(b) = 1if and only if A(b) = 0, or, equivalently

z A (b) = w — S. Denote our candidate barrier level by

AR (—W(OH - s) AL P
1 q (3.14)
—s<o.

b* =
' (04)

0, if —
The dividend-value function when using the barrier strategy = is
given by
(q) (b* — x)
A
Vi (%) = q

x+S, if —

. Y(0+)
if —

—5>0, (3.15)

q
v'(0+)

-5<0,

forany x > 0.
According to Lemma 5 in Loeffen (2008), to prove the theorem,
it suffices to show that Vj« (x) satisfies

(A —qQ)Vp=(x) <0 forx > b*. (3.16)

As in the proof of Theorem 2.1 in Bayraktar et al. (2013a), when
b* = 0, then V= (x) = x + S and (A — @)V (x) = —¥'(0+) —
qgx+S) < —qx < 0forx > 0.

Now suppose that b* > 0. Since (e~9®7s[Z'Y (b* — X (¢ A
Topr)) + "’/(5’“ Deso is a P,-martingale, by the Itd’s formula one can
deduce that

(A—qQVp<(x) =0 for0 < x < b*.

(3.17)
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In particular (3.17) holds for x = b* since V)« is sufficiently smooth.
Hence Vj+ (x) satisfies the condition (3.16) since (A — q)Vp+(X) is
decreasing on [b*, 00). This completes the proof of Theorem 3.2.

Remark 3.2. Letting S — 0 in Theorem 3.2, the result reduces to
the result of Theorem 2.1 in Bayraktar et al. (2013a).

Acknowledgments

The authors cordially thank the editor and anonymous referee
for their careful reading and helpful comments on the previous ver-
sion of this paper, which led to a considerable improvement of the
presentation of the work. This work was supported by the National
Natural Science Foundation of China (No. 11171179), the Research
Fund for the Doctoral Program of Higher Education of China (No.
20133705110002) and the Program for Scientific Research Inno-
vation Team in Colleges and Universities of Shandong Province.

References

Avanzi, B., Gerber, H.U., 2008. Optimal dividends in the dual model with diffusion.
Astin Bulletin 38 (2), 653-667.

Avanzi, B., Gerber, H.U., Shiu, E.S.W., 2007. Optimal dividends in the dual model.
Insurance: Mathematics & Economics 41, 111-123.

Avanzi, B., Shen, J., Wong, B., 2011. Optimal dividends and capital injections in the
dual model with diffusion. Astin Bulletin 41 (2), 611-644.

Avram, F., Kyprianou, A.E., Pistorius, M., 2004. Exit problems for spectrally negative
Lévy processes and applications to (Canadized) Russian options. The Annals of
Applied Probability 14, 215-238.

Avram, F., Palmowski, Z., Pistorius, M., 2007. On the optimal dividend problem
for a spectrally negative Lévy process. The Annals of Applied Probability 17,
156-180.

Azcue, P., Muler, N., 2005. Optimal reinsurance and dividend distribution policies
in the Cramér-Lundberg model. Mathematical Finance 15 (2), 261-308.

Bayraktar, E., Egami, M., 2008. Optimizing venture capital investments in a
jump diffusion model. Mathematical Methods of Operations Research 67,
21-42.

Bayraktar, E., Kyprianou, A., Yamazaki, K., 2013a. On optimal dividends in the dual
model. Astin Bulletin 43 (3), 359-372.

Bayraktar, E., Kyprianou, A., Yamazaki, K., 2013b. Optimal dividends in the dual
model under transaction costs. arXiv:1301.7525v2 [math.PR].

Bertoin, J., 1996. Lévy Processes. Cambridge University Press, Cambridge.

Bertoin, J., 1997. Exponential decay and ergodicity of completely asymmetric Lévy
processes in a finite interval. The Annals of Applied Probability 7, 156-169.

Chan, T., Kyprianou, A., Rivero, V., 2011. Smoothness of scale functions for spectrally
negative Lévy processes. Probability Theory and Related Fields 150, 691-708.

Dai, H., Liu, Z,, Luan, N., 2010. Optimal dividend strategies in a dual model with
capital injections. Mathematical Methods of Operations Research 72, 129-143.

Dai, H., Liu, Z., Luan, N., 2011. Optimal financing and dividend control in the dual
model. Mathematical and Computer Modelling 53, 1921-1928.

Kliippelberg, C., Kyprianou, A., Maller, R., 2004. Ruin probabilties and overshoots
for general Lévy insurance risk process. The Annals of Applied Probability 14
(4),1766-1801.

Korolyuk, V.S., Suprun, V.N., Shurenkov, V.M., 1976. Method of potential in
boundary problems for processes with independent increments and jumps of
the same sign. Theory of Probability and its Applications 21, 243-249.

Kuznetsov, A., Kyprianou, Andreas E., Rivero, V., 2013. The theory of scale functions
for spectrally negative Lévy processes. In: Lévy Matters II. In: Lecture Notes in
Mathematics, vol. 2013. pp. 97-186.

Kyprianou, A.E., 2006. Introductory Lectures on Fluctuations of Lévy Processes with
Applications. In: Universitext, Springer-Verlag, Berlin.

Kyprianou, AE., Rivero, V., Song, R., 2010. Convexity and smoothness of scale
functions and de Finetti’s control problem. Journal of Theoretical Probability
23, 547-564.

Li, B., Wu, R,, 2008. The dividend function in the jump-diffusion dual model with
barrier dividend strategy. Applied Mathematics and Mechanics-English Edition
29 (9), 1239-1249.

Loeffen, R.L., 2008. On optimality of the barrier strategy in de Finetti’s dividend
problem for spectrally negative Lévy processes. The Annals of Applied
Probability 18, 1669-1680.

Loeffen, R.L., 2009. An optimal dividends problem with a terminal value for
spectrally negative Lévy processes with a completely monotone jump density.
Journal of Applied Probability 46, 85-98.

Loeffen, R.L., Renaud, J.-F., 2010. De Finetti’s optimal dividends problem with
an affine penalty function at ruin. Insurance: Mathematics & Economics 46,
98-108.

Ng, Andrew C.Y., 2009. On a dual model with a dividend threshold. Insurance:
Mathematics & Economics 44, 315-324.

Pistorius, M.R., 2004. On exit and ergodicity of the spectrally one-sided Lévy process
reflected at its infimum. Journal of Theoretical Probability 17, 183-220.

Sato, K., 1999. Lévy Processes and Infinitely Divisible Distributions. Cambridge
University Press, London.

Thonhauser, S., Albrecher, H., 2007. Dividend maximization under consideration of
the time value of ruin. Insurance: Mathematics & Economics 41 (1), 163-184.

Yao, D.J.,, Yang, H.L., Wang, R.M., 2010. Optimal financing and dividend strategies
in a dual model with proportional costs. Journal of Industrial and Management
Optimization 6 (4), 761-777.

Yin, C.C., Shen, Y., Wen, Y.Z., 2013. Exit problems for jump processes with
applications to dividend problems. Journal of Computational and Applied
Mathematics 245, 30-52.

Yin, C.C., Wen, Y.Z., 2013a. An extension of Paulsen-Gjessings risk model with
stochastic return on investments. Insurance: Mathematics & Economics 52,

469-472.
Yin, C.C., Wen, Y.Z., 2013b. On the optimal dividend problem for a spectrally positive
Lévy process. arXiv:1302.2231 [math.PR].


http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref1
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref2
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref3
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref4
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref5
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref6
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref7
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref8
http://arxiv.org/1301.7525v2
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref10
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref11
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref12
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref13
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref14
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref15
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref16
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref17
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref18
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref19
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref20
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref21
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref22
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref23
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref24
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref25
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref26
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref27
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref28
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref29
http://refhub.elsevier.com/S0167-6687(13)00152-2/sbref30
http://arxiv.org/1302.2231

	Optimal dividend problem with a terminal value for spectrally positive Lévy processes
	Introduction
	Scale functions
	Main results
	Acknowledgments
	References


