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(1) We developed a method for evaluating representative forecasting methods by
means of DEA. Our method uses multiple criteria whereas most existing methods employ a single criterion.
We applied the method to forecasting WTI crude oil price.(2) We developed a new method for evaluating
confidential intervals of DEA scores. We can apply this method for past-present time series data as well
as past-present-future data. (3) We employ the entropy maximization model for forecasting volatile future
scenario and evaluate the past-present-future overall efficiency scores by applying Dynamic DEA models.
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Random Walk (RW), Historical Mean (HV),
Simple Moving Average (SMA), Simple
Exponential  Smoothing  (SES), Auto
Regressive Model (AR), Auto Regressive
Moving Average Model (ARMA), Generalized

Auto Regressive Conditional
Heteroscedasticity Model (GARCH),
GARCH-1n-Mean, Exponential GARCH,

Threshold GARCH, Power ARCH, Component
ARCH

Mean Error (ME), Mean Squared Error (MSE),
Mean Absolute Error (MAE) ,Mean Mixed Error
Under-estimation penalized (MMEU), Mean
Mixed Error Over-estimation penalized
(MMEQ), Mean Volatility-Adjusted or
Scaled Errors (MVolScE), Mean Absolute
Volatility Adjusted Errors (MAVolScE),
Mean Squared Volatility Adjusted Errors
(MSVolScE),  Percentage of Correct
Direction Change Predictions (PCDCP)

(2) DEA

DMU
DEA

Resampling
Simar and Wilson bootstrap

Resampling

®
(OWTI  daily spot price 1986 1 2
2010 5 28 6,157
14 DMU

Context-dependent-Super-SBM model

non-oriented, VRS

®

Inputs Output | 1 2 3

ME, MAE PCDCP 3 5 8
ME, PCDCP 3 5 11

MAVolScE

ME,MSE PCDCP 3 5 14
ME, PCDCP 3 5 14

MSVolScE

ME, MMEU | PCDCP 3 14 5

ME, MMEO | PCDCP 3 5 2

* 3SMA20, °SES, °AR(5),
MCGARCH(1,1), 2HM

SMA20 (Simple Moving Average
with averaging periods of 20)

HEGARCH(L, 1),




() envelopment analysis, Journal of
Optimization Theory and Applications,
, 2015, 166, 3, 1002-1028, DOI
10.1007/s10957-014-0626-3.
K Tone, M Tsutsui, Dynamic DEA with
DMU network structure: A slacks-based
500 measure approach, OMEGA, , 42,
95 2014,124-131. DOI
DMU 10.1016/j .omega.2013.04.002.
BK Sahoo, J Zhu, K Tone, BM Klemen,
Lucas Decomposing technical efficiency and
weight scale elasticity in two-stage network
DEA, European Journal of Operational
500 95 Research, ,2016, DOI
@ 10.1016/j .ejor-2013.09.046
WD Cook, K Tone, J Zhu, Data envelopment
analysis: Prior to choosing a model,
(3)Dynamic DEA Omega, , 44, 2014,1-4. DOI
input, output, carry-over 10.1016/j .omega.2013.09.004.
H Kawaguchi, K Tone, M Tsutsui,
Estimation of the efficiency of
Japanese hospitals using a dynamic and

Resampling
DMU input, output
Lucas weight

input, output

entropy maximization

Dynamic model Dynamic network data envelopment analysis,
SBM overall Health Care Management Science,
efficiency , 2014, 17, 101-112, DOI
40 high-tech IC design companies 2010 10.1007/s10729-013-9248-9.
2014 J Ouenniche, B Xu, K Tone, Relative
2010-2013 2014 performance evaluation of competing

crude oil prices’ volatility

overall-efficiency 2014 forecasting models: A slacks-based

overall-efficiency
5%
a

13

TS Chang, K Tone, CH Wu,
DEA models 1incorporating uncertain
future performance, European Journal
of Operational Research, ,2016,
DOl 10.1016/j.ejor.2016.04.005

K Tone, J Ouenniche, DEA Scores
Confidence Intervals with Past-Present
and Past-Present-Future Based
Resampling, American Journal of
Operations Research, , 2016, 6,
121-135, DOI
10.4236/ajor.2016.62015.
M Mehdiloozad, K Tone, R Askarpour,
MB Ahmadi, Finding a maximal element
of a non-negative convex set through
its characteristic cone: an
application to finding a strictly
complementary solution, Computational
and Applied Mathematics, , 2016,
DOl 10.1007/s40314-016-0324-X.
K Tone, M Tsutsui, How to deal with
non-convex frontiers in data

super-efficiency model, American
Journal of Operations Research,

, 2014, 4, 235-245, DOI
10.4236/ajor.2014.44023.
BK Sahoo, M Mehdiloozad, K Tone, Cost,
revenue and profit efficiency
measurement in DEA: A directional
distance function approach, European
Journal of Operational Research,

,2014, 237, 921-931, DOI
10.1016/j .ejor.2014.02.017.
J Ouenniche, B Xu, K Tone, Forecasting
models evaluation using a slacks-based
context-dependent DEA framework,
Journal of Applied Business Research,

, 2014, 30, 1477-1484. DOI

H Fukuyama, H Masaki, K Sekitani, J Shi,
Distance optimization approach to
ratio-form efficiency measure in data
envelopment analysis, Journal of
Productivity Analysis, , 2014,
42, 175-186, DOI
10.1007/s11123-013-0366-7.
TS Chang, K Tone, CH Wu,
Past-present-future intertemporal DEA
models, Journal of the Operational
Research Society, , 2013, 66,
16-32, DOl 10.1057/jors-2013.139.

7



o

@

K Tone, SBM-variations revisited,
INFORMS, 2015/11/3, Philadelphia
(U.S.AD)
K Tone, Resampling in DEA, IFORS 2014,
2014/7/18, Barcelona (Spain)
K Tone, Setting handicaps to
industrial sectors in DEA, The
Operational Research Society,
2014/9/10,London (United Kingdom)
K Tone, How to deal with S-shaped curve
in DEA, The Operational Research
Society, ,2013/9/4, Exeter
(United Kingdom)
K Tone, A scale and cluster adjusted
DEA model, European Workshop on
Efficiency and Productivity,
2013/6/18, Aalto University (Finland)
H Fukuyama, Input-oriented enhanced
radial efficiency measure and
Malmguist indexes on DEA technology:
An application to Japanese banking,
European Workshop on Efficiency and
Productivity, 2013/6/18, Aalto
University (Finland)
H Fukuyama, Measuring dynamic-network
inefficiency with an application to
regional economics, International
Conference on Data Envelopment
Analysis, 2013/6/28, University
Samsun (Turkey)

4
K Tone, M Tsutsui, Springer, Data
Envelopment Analysis - A handbook of
Modeling Internal Structure and
Network, 2014, 599(231-259)
H Fukuyama, WL Weber, Wiley,
Efficiency and Productivity Growth:
Modelling in the Financial Sector
Services Industry,2013, 530(193-213)
H Fukuyama, WL Weber, Springer, Data
Envelopment Analysis - A Handbook of
Modeling Internal Structure and
Network, 2014, 599(451-474)
BK Sahoo, J Zhu, K Tone, Springer, Data
Envelopment Analysis - A Handbook of
Modeling Internal Structure and
Network, 2014, 599(137-164)

TONE, Kaoru

(FUKUYAMA, Hirofumi)



