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Ⅰ. ASC2010 소개

 ○ 표제회의(ASC2010)는 20번째 회의이며, 특히 Western Australia에서 

개최되는 첫 번째 회의임  

   - “Statistics in the West : Understanding Our World" 라는 주제로 

각분야의 문가  명한 국내외 인사들이 참가

 ○ 회의목

   - 통계 련 새로운 연구결과  진행사항을 참가자에게 정보 제공

   - 통계 련 다양한 분야의 연구자간 상호 교류 력

   - 세계수 의 통계학자를 활용한 발표  토론을 통한 문 지식을 

공유

  
 ○ 년회의에는 특히 10명의 명한 기조연설자

*
　의 발표  주제별 

5~6명 토론자가 참가하여 열띤 토론 진행

  ․ Professor Barry Marshall ( The University of Western Australia, winner of the 

2005 Nobel Prize )

  ․  Dr Alan M Zaslavsky ( Harvard Medical School, USA )

  ․  Professor Denise Lievesley ( King's College London, UK )

  ․ Professor Adrian Baddeley ( The University of Western Australia )

  ․ Professor Tadeusz Bednarski ( Wroclaw University, Poland)

  ․ Professor Noel Cressie ( The Ohio State University, USA )

  ․ Professor Persi Diaconis ( Stanford University, USA )

  ․ Professor Jerry Friedman ( Stanford University, USA )

  ․ Dr Gordon Smyth ( WEHI, Melbourne )

  ․ Professor Chris Wild ( University of Auckland, NZ )
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 ○ 40개 세션(통계분야)별 4~6개의 연구결과 발표  질의답변 진행

    ( 총 220여개 논문 발표 )    

 

Ⅱ. 회의참가(출장) 개요

 □ 목     :

 ○ 새로운 통계분석기법 도입  분석능력 향상을 한 새로운 분석

로그램 활용능력 습득

 ○ 선진국의 통계분야에 한 역할, 발  방안 등을 악하여 향후 

우리청의 다양한 분야의 통계에 한 역할 정립을 한 정보수집 

 ○ 통계청의 경제통계, 사회통계, 환경통계, 조사방법론 업무담당자들의 

훈련참가를 통하여 각 분야의 이론  실무능력을 향상시키고, 세계 

각국의 통계 문가들과의 인 네트워크 형성을 통해 지속 으로 

개선 개발을 도모

 □ 기    간 : 

 ○ 2010.12.4 ~ 2010.12.13 (8박 10일)

 □ 장    소 : 

 ○ Esplandae Hotel, FREMANTLE, Western Australia, 

 □ 출 장 자 : 총 4 명

 ○ 정구 (5 ), 사회통계국 복지통계과 

 ○ 강동환(6 ), 경제통계국 경제기획통계과

 ○ 오정화(6 ), 통계개발원 연구기획실

 ○ 안다 (7 ), 통계개발원 조사연구실 
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세 션 구 분
발  표

논문(수)
비 고

1. 단독세션 10

 1.1. KEYNOTE ADDRESS 8

 1.2. AMSI LECTURER 1

 1.3. E K FROEMAN LECTURER 1

2. 공동세션(통계분야별) 220

 2.1. Time Series(1) 5

 2.2. Time Series(2) 6

 2.3. Statistical Inference(1) 5

 2.4. Statistical Inference(2) 5

 2.5. Official Statistics 5

 2.6. CSIRO Biosciences 4

 2.7. Yong Statisticians(Where statistics can you take) 6

 2.8. Prediction 6

 2.9. Social Science 5

 2.10. Bayesian Statistics(Finance) 6

 2.11. Bayesian Statistics(Environment) 6

 2.12. Bayesian Statistics(Medicine) 6

 2.13. Mining & Multivariate Statistics 6

 2.14. Data Linkage Session 6

Ⅲ. 참가자 세부활동

□ ASC 2010 회의 련  

    ※ 2010. 12.6. ~ 12.9.(4일간)

○ 회의 참   자료 수집 : CD  책자 발간  

< 회의기간  세션별 발표논문수 >
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 2.15. Wildlife Analyses 6

 2.16. BCA Session(Current topics in Biostatistics) 4

 2.17. Survey Analysis 6

 2.18. Australian Pharmaceutical Biostatistics Group 5

 2.19. Stochastic Models 6

 2.20. Stochastic Models 5

 2.21. Stochastic Modelling 5

 2.22. Multivariate Environmental Statistics 6

 2.23. Environmental Theory 5

 2.24. Sample Design 5

 2.25. Spatial Statistics 6

 2.26. Spatial Statistics Theory 6

 2.27. Spatial/Environmental Statistics 6

 2.28. Imputation and Anslysis 6

 2.29. Inference 4

 2.30. Biostatistics(3) 5

 2.31. Biostatistics Analysis 6

 2.32. Biostatistics/Bioinformatics 6

 2.33. Biostatistics(1) 5

 2.34. Biostatistics(Design)(2) 6

 2.35. Applied Biostatistics 6

 2.36. Transport and Experimental Design 5

 2.37. Agriculture 6

 2.38. Finance 6

 2.39. Climate 6

 2.40. Environmental & Agricultural Statistics 5
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제목 : R 을 활용한 통계적 자료분석

1. Introduction to R 12.10.( )

 1.1. R 로그램 설명

오 1.2. R 기본명령어(Basic Syntax)

 1.3. Linear Modelling in R

 1.4. R Base Graphics

오후 1.5. Generalized Linear Models in R

 1.6. 로그램 작성 실습

2. Analysing spatial point patterns in R 12.11.(토)

 2.1. Overview

오
 2.2. Data Types & Data Entry

 2.3. Intensity

 2.4. Poisson Models

 2.5. Interaction

오후

 2.6. Gibbs Models

 2.7. Marked Point Patterns

 2.8. Higher Dimensions and Other Spatial Data

 2.9. 로그램 작성실습

□ POST-CONFERENCE WORKSHOP

    ※ 2010. 12. 10. ~ 12. 11.(2일간)

○ 워크  참가하여 R 로그램 활용 련 통계이론  실습 : 교육 

실습 자료를 정리하여 CD  책자 발간 
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Abstract

Estimation of historical volatility is considered for time series of stock prices gener-

ated by the continuous time Ito stochastic differential equations. The parameters of this

equation are not assumed to be constant, their evolution law is not assumed to be known,

and the frequency of data is assumed to limited. In this setting, the estimation has to

be based on short time series, and the estimation error is significant. The paper suggest

some supplements to the existing methods that may help to reduce the estimation error.

In particular, we suggest a procedure of drift elimination via linear transformations with

causal integral kernels preserving the volatility. It helps to reduce the impact of the pres-

ence of time variable and unknown drift. In addition, we suggest a modification of the

standard summation formula for the volatility estimate.

Key words: econometrics, continuous time price models, discretization, short time series,

volatility estimation, non-parametric estimation.

JEL classification: C14, C15, C58

Mathematical Subject Classification (2010): 91G70

1 Introduction

This short note studies estimation of historical volatility for time series of prices generated

by the continuous time stochastic Ito equations. Solution of this problems is a necessary step

for the volatility forecast. Once the past historical volatility is estimated, a model can be

suggested for the volatility evolution law. This gives an opportunity of volatility forecast, and

it is important for pricing of derivatives and optimal portfolio selection (see, e.g., [13],[15]).

These problems were intensively studied; there are many well developed methods of algorithms
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for estimation of historical volatility and forecast of future volatilities (see, e.g., [1]-[8], [12]-

[19]).

The present paper considers the problem of estimation of historical volatility. The volatility

is not assumed to be constant, its evolution law is not assumed to be known, and the frequency

of data is assumed to be limited. In this setting, it is unreasonable to use long-memory data

for estimation. Since the volatility is not assumed to be static, older historical data are not

relevant. Hence only recent observations should be used. In addition, the frequency is limited.

Therefore, only short time series should be used. Because of this, the estimation error can be

significant.

We suggest some modifications that may help to reduce the estimate error for volatility

estimation for these models. First, we introduce a procedure of drift elimination via linear

transformations with causal integral kernels preserving the volatility. It helps to reduce the

impact of the presence of time variable and unknown drift (i.e., the appreciation rate of stock

prices). In addition, we suggest a modification of the standard quadratic formula for volatility

that uses the features of the Ito process generating the high frequency data.

2 The model

Consider a risky asset (stock, foreign currency unit, etc.) with time series of the prices

S1, S2, S3, . . ., for example, daily prices.

The premier model of price evolution is such that Sk = S(tk), where S(t) is a continuous

time random process such that

dS(t) = S(t)[a(t)dt + σ(t)dw(t)].

Here w(t) is a Wiener process, a(t) is the appreciation rate, σ(t) is the volatility, t > 0. We

assume that a and σ are some scalar random processes such that (a(t), σ(t)) is independent

from w(τ) − w(θ) for all θ, τ such that θ > τ ≥ t. We assume that the process (a(t), σ(t))

belongs to L2(0, T ) with probability 1 (i.e.,
∫ T
0 [a(s)2 + σ(s)2]ds < +∞ with probability 1),

for a given T > 0.

There are many theoretical results based on this model, including pricing of derivatives

and optimal portfolio selection. Usually, practical implementation of these results requires

estimation of (a, σ) from historical data. For constant a and σ, satisfactory estimates can

be obtained from sufficient statistics. In fact, estimation of a for financial models is more

difficult: it does not usually produce a robust result since the drift for typical financial time
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series is relatively small and unstable (see some references, results, and discussion in [9] and

[10], Ch.9, p.128). Estimation of σ gives more robust results. This paper studies estimation

of σ(t) only.

In continuous time setting, the process σ(t) is adapted to the filtration generated by the

historical prices S(t), i.e., it can be estimated without error from observation of the continuous

path on the time interval [t − ε, t] for an arbitrarily small ε > 0. In financial modelling, the

continuous time model is used to describe the evolution of discrete time series of prices, and

only time series of observed prices with limited frequency are available. This is the source of

error in matching the statistical estimates and the continuous time model. The problem of

reducing this error is studied below.

3 The estimation based on discrete time series

Let us assume that only the time series of prices S(tk) is available. We allow the volatility

to be time variable, and we consider estimates at time t based on statistics collected at time

[t−Δt, t] where Δt > 0 is given.

The traditional estimate

The traditional estimate for the functional of volatility v(t) = 1
Δt

∫ t
t−Δt σ(s)

2ds is

v̂(tm) =
1

(m−m1)δ

m∑
k=m1

(Am − Zk)
2, (1)

where t = tm, t−Δt = tm1 , δ = tk − tk−1,

Am =
1

m−m1

m∑
k=m1

Zk,

and where

Zk = logS(tk)− log S(tk−1).

(see, e.g. estimate (9.1) in [11]). We suggest some modifications of this estimate that may

improve estimation. These methods are based on the assumptions that the underlying time

series are generated by the model (1) and based on the properties of continuous time Ito

processes.
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The alternative estimate

We suggests to estimate v(t) = 1
Δt

∫ t
t−Δt σ(s)

2ds using the following explicit formula implied

by the model (1):

1

2

∫ t

t−Δt
σ(s)2ds =

∫ t

t−Δt

dS(t)

S(t)
− log S(t) + log S(t−Δt).

(See, e.g. Proposition 7.1 from [11]). It can be rewritten as

v(t) =
2

Δt

(∫ t

t−Δt

dS(t)

S(t)
− log S(t) + logS(t−Δt)

)
.

For t = tm, t−Δt = tm1 , this formula leads to the following estimate of v(t):

v̂(tm) =
2

(m−m1)δ

⎛
⎝ m∑

k=m1

ξk − logS(tm) + log S(tm1)

⎞
⎠ , (2)

where δ = tk − tk−1,

ξk =
Sk − Sk−1

Sk−1
. (3)

4 Reducing the impact of drift

Since only discrete S(tk) are observable, it is not possible to separate the impact of random

and time variable color noise a(t)dt from the impact of the noise σ(t)dw(t).

Let γ(t) be an adapted process, and let

Ŝ(t) = S(0) +

∫ t

0
γ(s)Ŝ(s)S(s)−1dS(s).

By the definitions, Ŝ(t) is the solution of the equation

dŜ(t) = γ(t)Ŝ(t)S(t)−1dS(t), Ŝ(0) = S(0),

i.e.,

dŜ(t) = Ŝ(t)[â(t)dt+ σ̂(t)dw(t)],

where

â(t) = γ(t)a(t), σ̂(t) = γ(t)σ(t).
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Lemma 4.1 There exists a sequence of the processes γ(t) = γi(t) such that |γi(t)| ≡ 1 for all

i and that ∫ T

0
γi(t)f(t)dt → 0 as i → +∞ ∀f(·) ∈ L2(0, T ).

Proof. It suffices to take piecewise constant function γi(t) = (−1)k(i,t), where k(i, t) = 1 if

t ∈ [2mT/i, (2m+1)T/i), k(i, t) = −1 if t ∈ [(2m+1)T/i, (2m+2)T/i), m = 0, 1, 2, .... Clearly,

the required limit holds for all fi ∈ C(0, T ), and the set C(0, T ) is dense in L2(0, T ). Since

‖γi‖L2(0,T ) = const , it follows that γi → 0 as i → +∞ weakly in L2(0, T ). This completes the

proof of Lemma 4.1. �
Let us consider the sequence {γ(·)} = {γi(·)} from the proof of Lemma 4.1. Since

Ŝ(t) = Ŝ(0) +

∫ t

0
γi(s)â(s)Ŝ(s)ds +

∫ t

0
γi(s)â(s)Ŝ(s)dw(s),

we have that ∫ t

0
γi(s)â(s)Ŝ(s)ds → 0 a.s.,

and

Ŝ(t) → Ŝ(0) +

∫ t

0
γi(s)σ̂(s)Ŝ(s)dw(s) as i → +∞ a.s.

Clearly, σ(t)2 = σ̂(t)2 and

1

Δt

∫ t

t−Δt
σ(s)2ds =

1

Δt

∫ t

t−Δt
σ̂(s)2ds

Therefore, the estimate of

1

Δt

∫ t

t−Δt
σ(s)2ds

can be obtained via calculating the similar value for the process Ŝ(t) = Ŝi(t) for which the

impact of the appreciation rate a(t) is eliminated in the limit case i → +∞.

We call Ŝ(t) the process with eliminated drift (since Ŝ(t) converges to a martingale).

Figure 4.1 shows an example of the simulated processes S(t) and Ŝ(t) with γ(t) = γi(t)

defined as in the proof of Lemma 4.1, with the parameters defined as

a(t) = 6 sin(2π(S(t) − 1)), σ(t) ≡ 0.3, δ = tk − tk+1 = 0.004, (4)

where tk are the points of discontinuity for γ(t).

In practical calculations, the processes Ŝ(t) = Ŝi(t) and γ(t) = γi(t) are represented by

discrete time processes.
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5 The algorithm

Assume that the series of historical prices S(tk) is available, and that this is the series of data

of some sufficient frequency, to justify the use of the continuous time diffusion model (1). We

suggests the following procedure to estimate v(t) = 1
Δt

∫ t
t−Δt σ(s)

2ds.

(i) Apply the drift eliminating procedure described above with γ(tk) = (−1)k. Let Ŝ(tk)

be the corresponding process with eliminated drift.

(ii) Estimate the volatility using the series Ŝ(tk) and equation (2) or (1).

The nature of the diffusion model (1) is such that a precise enough estimate of the volatility

can be achieved for the high frequency data only; decreasing the frequency leads to loss of the

preciseness. Therefore, it is preferable to use the data of the highest available frequency.

Note that the drift eliminating does not take effect in a single term k under the sum in

(2). However, the drift eliminating still takes effect by making the error less systematic, after

mixing all m−m1 terms in the sum in (2). To achieve some effect from drift elimination in a

single term k in the sum in (2), the following modification of the algorithm described above

can be used:

• Select ν ∈ {1, 2, 3, ..} and form the new sequence Ŝ(t̂k) of prices, where t̂k = νtk.

• Estimate the volatility using the series Ŝ(t̂k) and equation (2) (or, alternatively, equation

(1)).

With this approach, we decrease the frequency of the series in ν times which may affect the

preciseness.

6 Some experiments

Monte-Carlo simulation

In our experiments, we used Monte-Carlo simulation of the process S(t) as the time series such

that ξk in (3) is either Gaussian or has a uniform distribution, with the mean and variance

selected to match the parameters of (1).

To compare different methods, we estimate the expected error

E

∣∣∣∣∣
(

1

Δt

∫ t

t−Δt
σ(s)2ds

)1/2

− v̂(t)1/2

∣∣∣∣∣ ,
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More precisely, we estimate the corresponding sample mean error e calculated as

e = E

∣∣∣∣∣∣∣
⎛
⎝ 1

m−m1

m∑
k=m1

σ(tk)
2

⎞
⎠1/2

− v̂(tm)1/2

∣∣∣∣∣∣∣ ,
and E denotes the sample mean over N trials in the Monte-Carlo simulation and over the

number of all m. We used N = 1, 000, 000 trials with averaging over m = 1, ..., 250 for every

Monte-Carlo trial. We found that enlarging the sample does not improve the results. Actually,

the experiments with N = 100, 000 trials produce the same results.

In the experiments, we considered only the cases of relatively small m−m1 ≤ 10, in the

setting where we believe that volatility sustain stability only for this number of time steps.

Let us describe in detail our experiments with ν = 1, with Gaussian ξk, and with

a(t) ≡ 0.3, σ(t) ≡ 0.3, tk − tk+1 = 0.004, m−m1 = 10. (5)

In the experiments with the original process with drift, estimate (1) gives the sample mean

error e = 0.0659, and estimate (2) gives the sample mean error e = 0.0616. Figure 6.1 shows

the corresponding estimates and the process σ(t).

Further, let us describe the experiments with the same parameters (5) but with eliminated

drift. In this case, estimate (1) gives the sample mean error e = 0.0657, and estimate (2)

gives the sample mean error e = 0.0616 again. For this model with constant a, estimate (2)

outperform estimate (1), and eliminating of the drift does not reduce the error. Figure 6.2

shows samples of corresponding estimates and the original process σ(t). The error 0.0616 for

estimate (2) is 7% less than the error 0.0659 for the traditional estimate (1), for the process

with constant drift.

Note that the variations of parameters and equations give quite robust results, with some

gradual changes of preciseness caused by changes of parameters.

Let us describe the experiments with Gaussian ξk, m − m1 = 10, and with parameters

defined by (4), i.e with time variable and random appreciation rate a(t). For the original

process with drift, application of estimate (1) gives the sample mean error e = 0.0659, and

application of estimate (2) gives the sample mean error e = 0.0826. On the other hand, for

the process with eliminated drift, application of estimate (1) gives the sample mean error

e = 0.0663, and application of estimate (2) gives the sample mean error e = 0.0636. For this

model, estimate (1) outperforms estimate (2) without drift eliminating. However, estimate

(2) outperforms estimate (1) if the drift is eliminated, and the drift eliminating reduces the

error. The error 0.0636 for estimate (2) applied with drift eliminating is 3.8% less than the
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error 0.0659 for the traditional estimate (i.e., when estimate (1) is used for the process with

drift.

Remark 6.1 The selection of the constant volatility in the experiments described above does

not contradict to the claimed goal to study processes with time variable volatility, when long

series cannot be used. In the experiments, we use short series only, i.e., the short memory of

10 = m−m1 periods. For typical sets of daily prices, it corresponds to a model such that the

volatility is not supposed to stay the same for longer than a fortnight period.

Experiment with historical prices

We have carried out some experiments for the time series representing the returns for the

historical stock prices Using daily price data from 1984 to 2009 for 19 American and Australian

stocks (Citibank, Coca Cola, IBM, AMC, ANZ, LEI, LLC, LLN, MAY, MLG, MMF, MWB,

MIM, NAB, NBH, NCM, NCP, NFM and NPC), we generated samples of price data for one

synthetic price process S(tk). In fact, the full 47 years of data was not available for all the

stocks; we have the size of sample equal to 69,948.

For real prices, we don’t have available the ”true” volatility process in this case; we don’t

even know if the model (1) gives a good approximation of the price evolution. Therefore, we

cannot estimate the ”error” in this experiment. So far, we will demonstrate only that different

estimation rules produce close enough but still different distributions of random estimates.

We estimated the value of

E

(
1

Δt

∫ t

t−Δt
σ(s)2ds

)1/2

.

and

Var

(
1

Δt

∫ t

t−Δt
σ(s)2ds

)1/2

.

More precisely, we estimate the corresponding sample mean

σ̄ = E

[
v̂(tm)1/2

]
,

and the corresponding sample variance

Varσ = E

[
v̂(tm)1/2 − σ̄

]2
,

with estimates v̂k obtained accordingly to the different rules described above. The sample

mean E used here represents the averaging over m and over different stocks.

- 28 -



For ν = 1, for the process with drift, estimate (1) gives σ̄ = 0.2449, Varσ = 0.1505, and

estimate (2) gives σ̄ = 0.2516, Varσ = 0.1352. For the process with eliminated drift, estimate

(1) gives σ̄ = 0.2446, Varσ = 0.1406, and estimate (2) gives σ̄ = 0.2454, Varσ = 0.1355.

We already found that, for Monte-Carlo simulation of the series generated by Ito equations,

different estimates with or without eliminating the drift produces different estimates for the

same model. For historical prices, we observe similar situation. The difference with Monte-

Carlo simulation is that we don’t know actually which estimate produces a smaller error. It

gives a reason to use and compare the different methods for the historical prices.

7 Discussion and conclusion

We summarize our observations as the following.

(i) In some cases (not always), drift eliminating reduces the estimation error. It may happen

with estimate (2) as well as with estimate (1).

(ii) In some cases (not always), rule (2) gives less error than the mainstream rule (1). It

may happen with or without drift eliminating.

The gain was modest but quite systematic and robust with respect to the changes of the

parameters. For example, we observed that rule (2) gives 7% less error than the mainstream

rule (1) for experiments with constant a without drift eliminating.

We have not determined yet the exact classification of models that is more appropriate

for one or other method; we leave it for future research. At the moment, we can state that

even the fact of the existence of some alternative estimators that reduce error in some cases is

quite significant and calls to use the suggested methods as a supplement to existing methods.

It can lead to improvement of preciseness of volatility estimates and, therefore, can be useful

for financial applications.

The significance of the preciseness of the volatility estimation can be illustrated as the

following. For instance, assume that the volatility estimate is applied in option pricing as

the entrance for the Black-Scholes formula. Take, for example, call option price with the

exercise time T = 1, the initial stock price S(0) = 1, the risk-free short-term rate 0.03, and

with the strike price 1.2. The option price calculated for volatility σ = 0.4 is 0.1016, and the

option price calculated for volatility 1.05σ = 0.42 is 0.1095. This means that the 5% error for

volatility estimate gives 7% error for the option price.
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Figure 4.1: Elimination of drift: − − −−: the original process S(t) with drift; − · − · −·:
the process Ŝ(t) with eliminated drift. The magnified graph below demonstrates that, since

the volatility dominates the appreciation rate, the difference between these two processes is

barely seen from local dynamics.
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Figure 6.1: − − −: values of σ(t); —–: values of v̂(t) defined by (1); − ·− ·−·: values of v̂(t)
defined by (2) for model (4)-(5) with drift and with tk − tk+1 = 0.004.
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Figure 6.2: − − −: values of σ(t); —–: values of v̂(t) defined by (1); − ·− ·−·: values of v̂(t)
defined by (2) for model (4)-(5) with eliminated drift and with t̂k − t̂k+1 = 0.002.
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