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Introduction

The Ornstein Uhlenbeck (OU) process was first proposed by Ornstein and
Uhlenbeck in 1930. This model is one of the most important and famous
models of reversion to the mean, which is widely used in modeling the
volatility and interest rate of assets. Jump diffusion models are continuous
stochastic processes that were first introduced by Merton in quantitative
finance. Then this work was extended in the field of option pricing by Black
and Scholes in 1973. These models are used for observed facts in asset price
dynamics, including mean reversion and jumps. OU processes derived by
Levy process are widely used in finance and economics. These stochastic
processes have jumped whose size may be random variables. The main goal
of this article is to estimate the parameters of the OU processes extracted by
the compound Poisson process. We used discrete time regression equations to
describe process dynamics and obtain other potentially useful information.
The advantage of using this method is that the regression equations provide
closed-form formulas for calculating the mathematical expectation that is
created in our estimators.

The main purpose of our work is to create a new set of original samples that
are asymptotically distributed, identical and independent of each other.
Compared to the existing methods, the method presented in this article has
advantages that can be used from the proposed model, either in Iranian
markets where price jumps occur abundantly or for more stable markets. This
article is organized as follows. In section 2, the OU process extracted by the
compound Poisson process is examined. In the third part, the new estimation
method for parameter estimation is examined. The fourth part deals with the
numerical simulation of the moment estimator of the OU process with gamma,
Pareto and normal jumps. Also, an experimental study related to real data of
Mobarake Isfahan steel market is conducted in this section. Finally, the
conclusion and suggestions for the continuation of the article are presented in
the fifth section.

Material and Methods
Given a positive number A and a time-homogeneous Levy process

{z (t ), t >0}, the OU process driven by z is defined by
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v(t)=e™ (V(O) +f edz (/?,s))

where vV (t) is assumed to be independent of {Z(t)}t>0. Following the

terminology introduced by Barndorff-Nielsen and Shephard in [2], we shall
call v the background driving Levy process (BDLP). It is easy to see that (1)
is the unique strong solution of the stochastic differential equation

dv (t)=—Av (t)dt +dz (), @

under some regularity conditions on the Levy measure.

The objective here is to estimate the parameters of the model using the
discrete-time observations. In particular, we are interested in estimating A and
moments of z. We derive strongly consistent method of moments estimators
and prove that they are asymptotically normal.

Results and discussion

The parameter estimation using the method of moment estimator are done
using the OU processes compound with the gamma, pareto and normal
distributions for numerical simulations with simulated and real data. We
consider some examples to show the accuracy and simplicity of this method,
then compare the proposed method with other existing methods. Moreover,
according to error analysis and reported results, we conclude that the proposed
method was in a good agreement with the exact solution.

Conclusion
The following conclusions were drawn from this research.

e The strong consistent estimators for the parameters of the model
were derived.

e  The main characteristic of this method is that the estimators are
asymptotically normal.

e Using simulated data, we show that the estimators perform well at
least for a gamma OU model, pareto OU model and normal OU
model.

e [t is shown that a Levy driven OU model for real data is a good
candidate for describing the model volatility.

How to cite: Aryanpour, Maral., Nabati, Parisa. (2024). Proposed a new method of moment estimator for the arameters
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Parameter | True Value Our Method GMM
mean+ std mean std
A 0.1 0.1026+0.0017 0.1297+0.0267
a 2 1.9917+0.4603 2.6629+1.4794
b 0.5 0.5278+0.1198 0.4552+0.1812
A 0.3 0.3056+0.0088 0.3334+0.0548
a 2 2.0028+0.3009 1.3610+0.3074
b 0.5 0.5101+0.0748 0.7661+0.1489
A 0.6 .6347+0.0438 0.6648+0.089
a 2 1.8771+0.2887 0.9947+0.1256
b 0.5 0.5450+0.0839 1.0205+0.1257
A 0.9 0.9634+0.0947 0.9747+0.1183
a 2 1.9483+0.3330 0.8732+0.0850
b 0.5 0.5279+0.0896 1.1560+0.1148
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Parameter | True Value Our Method GMM
mean+ std mean+ std
A 0.3 0.3008+0.0127 0.3070+0.0221
a 1 0.9926+0.1971 7.0275+3.807
b 0.5 0.5263+0.1251 0.0912+0.0471
A 0.3 0.3024+0.0106 0.3195£0.0549
a 2 2.0335+0.3032 1.3361+0.2403
b 0.5 0.5028+0.0772 0.7714+0.1326
A 0.3 0.3053+0.0087 0.3547+0.0851
a 3 3.001+0.4286 0.7010+0.0958
b 0.5 0.5100+0.07421 2.1832+0.3311
A 0.3 0.3040+0.0078 0.3731£0.1253
a 4 3.9763+0.5553 0.8732+0.0850
b 0.5 0.51521+0.0681 4.0977+0.8560

LS o b Syl oplits )l anlp oo b dilisie polie gly og, 99 dmnlia ¥ Joaz
[Cad i =9 O P x> [CPRCLIN % 9=

Parameter | True Value Our Method GMM
mean= std meant std
A 0.3 0.3046+0.0078 0.3070+0.0221
a 3 2.9374+0.3929 0.3007+0.0122
b 0.1 0.1037+0.0566 0.0566+0.0074
A 0.3 0.3046+0.0121 0.3731£0.2144
a 3 2.9632+0.4239 0.3385+0.1294
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b 1 1.0344+0.1598 8.6692+3.4188
A 0.3 0.3051+0.0086 0.1755+0.3793
a 3 2.9809+0.4352 0.1282+0.1549
b 2 2.0541+0.2931 17.8705+31.0512
A 0.3 0.3053+0.0087 0.0749+0.3706
a 3 2.9388+0.3789 0.0211+0.1413
b 3 3.1125+0.4034 3.4760+83.1673

bl g5 b sl i b Ssl b)) anlp cou A Gl yolie sl (35, 59 anglin s FJgan

Parameter | True Value Our Method GMM
meanz std meant std
A 0.1 0.1355+0.0596 0.1092+0.1186
a 3 2.8708+0.4850 2.0881+0.0883
b 6 5.775440.5508 1.3515£1.2698
A 0.3 0.3041+0.0438 0.2802+0.1808
a 3 3.0309+0.3982 2.1530+0.0896
b 6 5.9772+0.4200 4.0504+2.4529
A 0.6 0.6056+0.0389 0.3935+0.2238
a 3 3.0904+0.3964 2.1690+0.0882
b 6 5.9562+0.3390 6.8995+3.0527
A 0.9 0.8854+0.0721 0.5246+0.1941
a 3 3.241540.6511 2.2085+0.0646
b 6 6.1181+0.5496 8.9463+2.6558
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Parameter True Value Our Method GMM
mean std mean std
A 0.3 0.3339+0.0891 0.2308+0.2661
a 2 2.0661+0.3304  |2.0716+0.0695
b 6 6.0423+£0.9743  |2.8092+2.2430
A 0.3 0.3129+0.0438 | 0.3764+0.1511
a 4 3.9634+0.5144  |2.2508+0.0594
b 6 5.9461+0.2867 | 6.2204+2.0582
A 0.3 0.2952+0.01972 | 0.2872+0.1698
a 8 8.0654+0.9063  |2.2568+0.1129
b 6 5.9965+0.0960 | 8.3948+4.2129
A 0.3 0.3013+0.0248 | 0.2034+0.1990
a 10 10.4446+1.9133 [2.2148+0.1293
b 6 6.0084+0.1140 |7.9797+5.8796

Bl 75 b gl Lop b Seadgl ol sl cos b dlise polie glp by, 90 dmlic F Jguo

Parameter True Value Our Method GMM
meant std meanz std
A 0.3 0.3174+0.0471 0.0368+0.0283
a 6 6.1173+0.8604 | 2.0188+0.0325
b 1 1.0001+0.0275 | 0.1490+0.1322
A 0.3 0.3145+0.0724  [0.3251+0.1718
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a 6 6.008+0.8072 2.2557+0.0961
b 2 1.9930+0.0577 | 2.4987+1.1463
A 0.3 0.2980+0.0283 0.3131+0.2091
a 6 6.2266+£0.8170  |2.2500+0.1081
b 4 4.0158+0.1045 | 4.9896+2.7113
A 0.3 0.3019+£0.0270  |002807+0.2362
a 6 6.3408+0.8598  |2.2894+0.0735
b 6 6.0445+0.1522 | 8.9363+3.6096
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Parameter | True Value Our Method GMM
meanz std meant std
A 0.1 0.1068+0.0146 0.1034+0.0218
a 3 3.0547+0.5758 3.1184+1.1107
by 0 0.0075+0.1926 0.0228+0.0860
by 1 1.0005+0.2067 0.5452+0.1848
A 0.4 0.4040+0.0244 0.4145+0.1402
a 3 2.9989+0.4010 3.2266+1.1607
b 0 0.0081+0.1076 0.0277+0.1135
by 1 1.1748+0.1420 1.0779+0.1477
A 0.8 0.8+0 0.8978+0.2498
a 3 2.9668+0.3407 2.8943+1.0529
by 0 0.0091+0.0787 0.0099+0.1343
by 1 1.4076+0.1279 1.5590+0.1413
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Parameter | True Value Our Method GMM
meanz= std meanz= std
A 0.6 0.6109+0.0384 0.6113+0.1100
a 1 1.0235+0.1352 1.0331+0.2194
by 0 0.0383+0.1846 0.0305+0.1086
by 1 1.2952+0.1240 0.7774+0.1032
A 0.6 0.6050+0.0301 0.6434+0.1618
a 2 1.9736+0.2306 1.9518+0.5236
b 0 0.0127+0.1105 0.0386+0.1428
b> 1 1.2953+0.1513 1.1040+£0.1277
A 0.6 0.6042+0.0556 0.6204+0.1921
a 3 3.0227+0.4054 3.2469+1.2280
by 0 —0.0034+0.0913 0.0013+0.1492
by 1 1.2652+0.1240 1.328240.1302
A 0.6 0.6+0 0.5505+0.2122
a 4 4.1846%0.4551 5.3661+2.4448
by 0 0.0106+0.0679 -0.0326+0.1904
b, 1 1.30443+0.1163 1.5812+0.1443
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Parameter | True Value Our Method GMM
mean std meanz std
A 0.6 0.5893+0.0343 0.6198+0.3952
a 2 2.0135+0.2541 2.6924+1.7505
by -2 —2.6422+0.2137 —2.2335+0.8796
by 1 3.2063+0.2668 3.3657+0.6059
A 0.6 0.5975+0.0493 0.5770+0.2300
a 2 1.9655+0.2778 2.3788+1.0429
b -1 —1.2706+0.1910 —1.0444+0.3892
b, 1 2.0703+0.1921 1.8833+0.2921
A 0.6 0.6223+0.0681 0.4690+0.2135
a 2 2.0339+0.2620 3.5026+3.2431
by 1 1.3228+0.1953 0.8508+0.4627
b, 1 1.5250+0.2420 1.8886+0.2254
A 0.6 0.6244+0.0908 0.1227+0.2309
a 2 2.0482+0.3028 11.1170+47.8199
b, 2 2.6718+0.2950 0.3203+1.2199
b, 2 2.5010+0.3062 3.0150+0.5057
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Parameter | True Value Our Method GMM
meant std meant std
A 0.6 0.5979+0.0176 0.611810.0720
a 2 2.0041+0.2046 1.9906+0.3048
by 0 -0.0041+0.0599 -0.0019+0.0558
b, 0.5 0.6208+0.0643 3.3657+0.6059
A 0.6 0.6089+0.0273 0.6079+0.1537
a 2 2.0760+0.2941 2.19125+0.6780
by 0 -0.0105+0.1222 -0.0081+0.10831
b, 1 1.2862+0.1075 1.0960+0.0904
A 0.6 0.6088+0.0474 0.6953+0.3298
a 2 2.0114+0.2663 1.18863+7.0532
by 0 0.0211+0.1986 0.0640+0.3540
b, 2 2.5916%0.2597 2.303810.2474
A 0.6 0.6119+0.0760 4.6118+15.2546
a 2 2.0565+0.3347 4,7778+15.223
by 0 -0.0330+0.2856 0.0587+0.3292
b, 3 3.8182+0.4949 3.4622+0.6677
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