Least squares estimators
based on the Adams method
for discretely sampled SDEs
with small Lévy noise

We consider stochastic differential equations (SDEs) driven by small Lévy noise
with some unknown parameters, and propose a new type of least squares
estimators (LSEs) based on discrete samples from the SDEs. To approximate the

M |TS UK] KO BAYAS Hi increments of a process from the SDEs, we shall use not the usual Euler method,

but the Adams method, that is, a well-known numerical approximation

AN D of the solution to the ordinary differential equation appearing in the limit of the
SDE. We show the asymptotic distribution of the proposed estimators in a
YAS UTAKA S H |M|ZU suitable observatio.n scher'n(.e. We also show that our estimators can be better
than the usual LSE in the finite sample performance.
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Stochastic differential equation with small Lévy noise:

dXs = b(X%,00)dt +edL, (0<t<1),
Xg — X € Rd’,

where
@ Unknown parameter: 8y € RP
e Given: b: R% x ® — R%, L; : Lévy process
o Observed data: X7 ,..., X¢ (to=0,t, =1, t; —t;_1 =1/n)

™"

ODE in the limit (¢ — 0) :

d
T b(@,00) (0<t< 1)
dt
Aim
Establish new LSEs for 8y, and compare their finite sample performance.



Euler method
Background ion (wi !
---- Solution (without noise)

. . e Data (with noise) /”
A usual LSE is given by — Residual efror l
2 g
£ g £
n.,e — €2Atk_1 (Y

én,s := arg min ¥, .(0).
f0cE

There is a known result for the usual LSE (see Long, Shimizu and Sun (2013)):
—1 (5 Poo —1
e (en,s . 90) %% 1(80)~1S(60)
asn — o0, € — 0, and ne — oo, where

1 1
I.(0) = /0 Do,b(wz, 0) - Do, b(ws, 0) dt, Si(8) i= /0 o, b(z1, 0) - dLs.

The same convergence is desired for our new LSEs.



3rd-order Adams-Multon
New LSEs : .
---- Solution ’/

LSEs based on the Adams method (£ =1,2,...): | 2= ,I.

— Residual error

2
n jx;:k —X: - Ab(X:,, ,.0) Atk_l,
‘Iln,E,f(g) = Z A7 ’ P .
k=£v1 € k=1 -
€ «— g I
where X2 ., = (X[ ,..., X[ ) and

£ v
Ab(XS 0= Bub(Xy_,,0), Bp = (=1) / []w+i—1)du
vr=0 : + /0

Theoretical Result

~ P,
g1 (en,s,g _ 90) 2% 1(60)"15(6o)

asn — 00, € — 0, £24/n — 0, 2% — 0 and £22¢/ne — 0.



Numerical Result

OU-process with (89, xp) = (1.0, 1.0) :

dX; = —0pX:dt + edB;, Xo = xo,
where B is the standard Brownian motion.
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