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What is Prediction (Forecasting)?

* Forecasting & Prediction
- Forecasting is the process of making predictions of the future based on past

and present data and most commonly by analysis of trends.
- Prediction is a similar, but more general term.

- Risk and uncertainty are central to forecasting and prediction.

Hyndman, R.J. and Athanasopoulos, G. (2013) Forecasting: principles and practice. OTexts: Melbourne, Australia.



Prediction Methods

* Qualitative methods
- Qualitative forecasting techniques are subjective, based on the opinion and

judgment of consumers, experts.

- They are appropriate when past data are not available.

- Examples: Delphi method, Scenario building, Statistical surveys, etc.

* Quantitative methods
- Quantitative forecasting models are used to forecast future data as a function of

past data.
- They are appropriate to use when past numerical data is available and when it is
reasonable to assume that some of the patterns in the data are expected to

continue into the future.

Hyndman, R.J. and Athanasopoulos, G. (2013) Forecasting: principles and practice. OTexts: Melbourne, Australia.



Prediction Methods - Quantitative methods

Average approach: all future values are equal to the mean of the past data.

Naive approach: forecasts are produced that are equal to the last observed value.

Drift method: the amount of change over time (called the drift) is set to be the
average change seen in the historical data.

Time series methods

- Time series methods use historical data as the basis of estimating future outcomes.

- Autoregressive@iziziez 31724, xp7142y), Moving average@r oz x2 o sn g A4y),
Weighted moving average, Exponential smoothing, Autoregressive moving
average (ARMA), Autoregressive integrated moving average (ARIMA), etc.

Causal methods

- Causal methods try to identify the underlying factors that might influence the
variable that is being forecast.

- Regression analysis, Parametric or non-parametric techniques, etc.

« Artificial intelligence methods / Simulation / Probabilistic forecasting

Hyndman, R.J. and Athanasopoulos, G. (2013) Forecasting: principles and practice. OTexts: Melbourne, Australia.



Regression Analysis

The earliest form of regression was the method of least squares, which was
published by Legendre in 1805, and by Gauss in 1809.

The term "regression" was coined by Francis Galton in the nineteenth century
to describe a biological phenomenon.

- ‘co-relation’

Galton’s work was later extended by Udny Yule and Karl Pearson to a more
general statistical context

- ‘correlation coefficient’ 2> R

Regression analysis is widely used for prediction and forecasting, where its
use has substantial overlap with the field of machine learning.

* Galton, F. (1877). “Typical laws of heredity.” Proceedings of the Royal Institution of Great Britain, 8, 282-301.
** Pearson, K. (1896). “Mathematical contributions to the theory of evolution Ill: Regression, heredity, and
panmixia.” Philosophical Transactions of the Royal Society, A, 187, 253-318.



Simple Linear Regression (SLR)
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Weisberg, S. (1985). Applied Linear Regression. John Wiley & Sons, Inc. 2nd Ed.
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ARMA, ARIMA
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Risk variables
affecting profitability
(64)

Condition of
Host Country &
Project Owner

(7

Information on
Project Acquisition

o Fairness of construction laws &
regulations

Extent of corruption

Instability of social situation
Restriction of profit transfer
Change in laws & rules

¢ Owner's fund capability

¢ Owner’s management ability

and Bidding
(11)

Project
Characteristics &
Contractual

« Host country’s conditions and
Preliminary information

s Prospect of future economy
on related industries

¢ Acquisition of proper and
competent bid information

« Sufficiency of estimation time

¢ Foreign exchange rate risk

¢ Cost of financing

o Accuracy of bidding documents

¢ Reflection of
owner’s requirements

¢ Appropriateness of contingency

o Level of competition

o Accuracy of cost estimation

Conditions
(15)

¢ Adequacy of contract duration

» Fairness of compensation &
warrantee regulation

¢ Inclusion of escalation code

Clarity of contract document

Quality of specification codes

Frequency of change orders

Experience and technical

ability to perform

Force majeure

Climate & weather condition

Accessibility to the site

Difference in geography &

site condition

« Social consensus on a project
need

o Lack of basic infrastructure

¢ Quality of owner-provided
design

¢ Quality of contractor's design

Characteristics of
Organization &

Participants
(14)

Contractor’s

Ability and Capacity
(17)

o Leadership & competence of
Project Manager

¢ Welfares and incentive for
field staffs

o Field engineers’ tech. ability &
management skill

« Appropriateness of communication
and collaboration system

o Commitment of firm's organization
between headquarter and site

¢ Language barriers

o Cooperation with J/V, Consortium

¢ Payment and subcontractor bond
agreement with J/V, Consortium

o Fairness of owner's representative

¢ Capability of local subcontractors

o Owner's Intervention in selecting
local subcontractors

o Owner’s payment delays,
retention, or repudiation

o Excessive burden by owner’s
requirements

« Capability of claim & dispute
resolution

o Lack of document management

o Delayed permissions

o Availability of early mobilization

« Experience of labors

o Delayed procurements

o Maintaining material quality
through delivery, stock, erection

« Efficiency of equipment
operations and optimized supply

¢ Design and Engineering ability
of contractor

o Tech. ability of construction works
and quality control

¢ Rework by inadequate testing
or pilot operations

o Lack of safety & environments
management

o Firm’s ability of project planning
and management

o Appropriateness of cost
management tool

o Ability of cash flow
management

o Appropriateness of resource
allocations

o Interruption by adjacent or
related sites

o Delay in commissioning or
taking-over

Han, S. H., Kim, D. Y., and Kim, H. (2007). "Predicting Profit Performance for Selecting Candidate International Construction Projects." Journal of Construction
Engineering and Management, 133(6), 425-436.
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» Factor analysisieoa=4) was performed to compress risk factors to the
relevant groups that have a high correlation each other

* 14 group factors were drawn as a valid sub-dimensional representation
of the initial sources of 64 risk factors

\_ J
F1 Contractor’s ability & experience F6 Country environments P i
of J/V or consortium

F2 Project condition F7 Project information F12 Contract condition

— resource delivery, labor skKill, etc. in early stage of a project & management
F3 Project environments F8 Quality of design F13 Quality of bid information
F4 Attitude & ability of owner & A/E F9 Quality of cost management F14 Conflict resolution system
F5 Commitment of organization F10 Quality of estimation

— PM competency, etc.

Han, S. H., Kim, D. Y., and Kim, H. (2007). "Predicting Profit Performance for Selecting Candidate International Construction Projects." Journal of Construction
Engineering and Management, 133(6), 425-436.
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* Model summary (R2= SBMH40 27t 716} #7) 0ol A7| 4 2h-2(28)-4(S 2] RH7| A Eh
Model R R square Adjusted R square Std. deviation of Durbin-Watson
presumption(57 #})
8 0.843 0.652 0.508 1.308 1.805

. . . . Ctelot Emol WFo| #nOirt C2 7|
 Coefficients of multiple regression analysis wjzo| o|= ujmsj=7| 9/s) sizisl 4%

—

Composition Unstandardized coefficient Standardized T Significance
(Group Factors) (R EF3HAIF) coefficient (£345) | (BIET
HX
B Standard error beta H

Constant 4.670 0.138 33.873 0.000
F10 Quality of estimation 0.619 0.139 0.332 4.467 0.000
F7 Project information 0.527 0.139 0.283 3.800 0.000

in early stage of a project
F4 Attitude and ability of owner & A/E 0.506 0.139 0.271 3.647 0.000
F12 Contract condition 0.499 0.139 0.267 3.596 0.001

and management
F2 Project condition 0.477 0.139 0.256 3.440 0.001

— resource delivery, labor skill, etc
F5 Commitment of organization 0.470 0.139 0.252 3.393 0.001

Profit Performance = 4.670 + 0.619XF10 + 0.527XF7 + 0.506XF4 + 0.499XF12
+ 0477XF2 + 0470XF5 + 0.402%XF1 + 0.379XF8

Han, S. H., Kim, D. Y., and Kim, H. (2007). "Predicting Profit Performance for Selecting Candidate International Construction Projects." Journal of Construction

Engi j d M t, 133(6), 425-436. o
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Failure of the Gaussian Hypothesis

e Structural Factors of Current World Environment

From large-scale to off-scale

From complexity to the unreadable

From tightly-coupled t0 total interdependence

From high speed 10 instantaneity

From uncertainty t0 ignorance

Topper B., and Lagadec, P. (2013). “Fractal Crisis — A New Path for Crisis Theory and
Management.” Journal of Contingencies and Crisis Management, Vol. 21, No. 1, pp. 4-16.



Failure of the Gaussian Hypothesis
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Hard landin

Failure of the Gaussian Hypothesis
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Failure of the Gaussian Hypothesis

@ History of the Financial Crisis: Mid-2007 to 2010
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U.S. Dept. of the Treasury (2013). The Financial Crisis Five Years Later: Response, Reform, and Progress



Failure of the Gaussian Hypothesis
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https://hbr.org/2009/10/the-six-mistakes-executives-make-in-risk-management

Failure of the Gaussian Hypothesis

« Six mistakes executives make in risk management

- We think we can manage risk by predicting extreme events.

- We are convinced that studying the past will help us manage risk.

- We don't listen to advice about what we shouldn’t do.

- We assume that risk can be measured by standard deviation.

- We don'’t appreciate that what's mathematically equivalent isn’'t psychologically so.

- We are taught that efficiency and maximizing shareholder value don't tolerate

redundancy.

Taleb, N. N., Goldstein, D. G., and Spitznagel, M. W. (2009). “The Six Mistakes Executives
Make in Risk Management.” Harvard Business Review, October 2009.



Modeling Trend

« Changing Focus

Linear model Epidemiological model| Systemic model
(Single root cause) |(Multiple latent factors)|(Emergent variability[)
Era of resilience
Fors
= The issue is
L) Era of vulnerability
Q socio-technical against
5 interactions unanticipated
8 Era of human errors situations.
£ The issue is Lkt
(0] s Improper
g Era of technology |ndI|1V|duaI =nrks tochiscal
: : uman interactions.
w The issue is performance.
hardware failures.
Chemobyl
de Havilland Gomet T™I-2 Challenger WTC Tohoku earthquake
1960 1980 2000

Topper B., and Lagadec, P. (2013). “Fractal Crisis — A New Path for Crisis Theory and
Management.” Journal of Contingencies and Crisis Management, Vol. 21, No. 1, pp. 4-16.
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Fractal Theory

 Fractal

- The term "fractal" was first used by mathematician Benoit Mandelbrot in
1975. Mandelbrot based it on the Latin fractus meaning "broken" or
"fractured”, and used it to extend the concept of theoretical fractional
dimensions to geometric patterns in nature.

- A fractal is a mathematical set that exhibits a repeating pattern displayed at
every scale.

- Fractals are different from other geometric figures because of the way in
which they scale. (Euclidean vs. Fractal geometry)

- Characteristics: Local randomness and Global determinism, Fractal
dimension, Self-similarity, Recursiveness

Peters, E. E. (1994). Fractal Market Analysis. John Wiley & Sons, Inc.



Fractal Theory

* Fractal
Self-similarity(xt7| g At4) The tendency of an object to be similar to parts of itself
Recursiveness(tt=4) The parts of an object appear in the entire area

Peters, E. E. (1994). Fractal Market Analysis. John Wiley & Sons, Inc.
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Mega-Shock Early Warning System
for the International Construction Market



1. Introduction

1.1 Research Background (1/2)

! Failure in the Global Construction Market

= Risk management became an important part of the global construction market

= The total contract amount of Korean construction companies in the global market are generally increasing for
about 10 years, however, the number of extreme failure cases are also increasing

Profitability (%)
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! Sudden Change of Market

= Many researches revealed the various causes of failure in the global construction market

= Recent studies said that the shock derived from sudden change of market is one of the most influential causes

27



1. Introduction

1.2 Problem Statement & Research Objective

Problem Statement
I The prediction result of conventional models depend on the past observations

: Limited to predict e .
R 1] Difficulty in risk mgmt

Assumption of trends and
distribution of historical data

Research Objective

To develop an early warning system against a sudden change of the global construction market

I To understand the market better using Fractal analysis

I To improve the results of conventional approaches on prediction of a sudden change
by introducing the Fractal analysis

28



1. Introduction

1.3 Research Scope

Target of Analysis
N
* Construction Cost Index (from Engineering News Record; ENR)
» Used for cost estimation, bid preparation, and investment planning on the global construction
market (Williams 1994; Kim et al. 2008; Hwang 2011; Lesniak 2013; Jiang et al. 2013; Shahandashti and Ashuri 2013)
e 1990 JAN ~ 2016 AUG (320 records) )

Teements | Desaipion

Labor Rate 200 hours of common labor at the 20-city average of common labor rates
Steel Price 25 cwt (100 pounds) of standard structural steel shapes at the mill price prior to
1996 and the fabricated 20-city price from 1996
Cement Price 1.128 tons of Portland cement at the 20-city price
Lumber Price 1,088 board-ft of 2 x 4 lumber at the 20-city price

29



2. Research Process

2.1 Research Framework

Future Study

Time-series N J
| Analysis
’

Construction Trend

Cost Index
Fractal
Analysis

R/S Analysis Sudden Change
V Statistics

30



2. Research Process

2.2 Preliminary Study (1/5)

Sudden Change of Market

I Relatively big change +zt1te| ko)) in Construction Cost Index (CCI) - >« 1/ 0/
- 2004 FEB
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2. Research Process

2.2 Preliminary Study (2/5)

Time-series Analysis (1/2)

I Objective

= To predict sudden change of market based on conventional time-series model

- Autoregressive(AR): AFM 2| MtAH NS HEE St= 2| 24 (A7 A 2Hd)
- Autoregressive-Integrated-Moving Average(ARIMA): H| H & & Al A € XI5 24
- Vector Error Correction Model(VECM): CHAZFA| A &

! Validation

B A

o 1,

Training Set: At least 5 yrs & Increased by 1 mth / Testing Set: 1 yr

O]2{ O|O[& & StLt2

37 H 0| Ef + O S %}
B2 RO 2

= Compare Mean Absolute Percentage Error(MAPE) while increasing the size of training set
- Examine whether the model is proper to predict the sudden change of market

Training Set

Testing Set

Training Set

Testing Set

Training Set

Testing Set

1990 JAN — 1994 DEC
1995 JAN — 1995 DEC

1990 JAN — 1995 JAN
1995 FEB — 1996 JAN

1990 JAN — 2015 AUG
2015 SEP — 2016 AUG

MAPE ,,

MAPE ,,

MAPE,,,

MAPE
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451
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2. Research Process

2.2 Preliminary Study (3/5)

Time-series Analysis (2/2)
! Results of Preliminary Study

5.5 T T T T T T 8

MAPE of AR(1) MAPE of ARIMA(1,0,1) MAPE of VECM

T T N T T T S5
T J 4.5
4
6

y ] T " : [ |
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| f | ﬂ 5 |‘ | 1 -
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tL Wy | J'IJ \ﬁ| M T ||} \A | /\/"/\ |
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25k

o

)

15
1t
D-?Bgzﬁl-' 199:9'.-‘ 20[;2'.' ZDDISH ZDEIPBH ZD‘Ik‘I'.-' ZD‘II4'.| ‘EI’Q_U.IE'.' 199:9[-' 20[;2'.-' ZDDIS'.‘ ZDEIPBH 20‘\“\'.-' 201‘4'.| gDDIS'.' 20[;5'.-' ZDEIPTH ZDDIBH ZD‘II‘I'.I ZD‘IIB'.I
Years Years Years
Average: 2.33% Average: 2.36% Average: 1.54%

! Conclusion

* The conventional time-series models are appropriate to prediction of overall trend (MAPE = 2%)

= However, MAPE becomes large around 2004, 2006, 2008, when the sudden change occurred




2. Research Process

2.2 Preliminary Study (5/5)

Fractal Analysis on Time-series

Estimation of cycles in time-series that derives fractal characteristics of the system

Self-similarity Sudden Change
N

Recursiveness

value
a
1
i
jul

MAE 2 A 742| 22 cycleZ T8
Cycle2| L2 7 HX|= £ 0| A Sudden Change &Y
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2. Research Process

2.3 Model Development (1/2)

Rescaled Range(R/S) Analysis
! Terminology

= Scale: The number of records in one segment (Non-overlapping)
= Rescaled Range: Fluctuation of range at certain scale
“If scale changes, the average of range also changes - Rescaled range”
! Logic

= Normalization - Cumulated Sum - Range - Rescaling

x = Differenced data

i
Y, = er (i=1.,n
r=1

R, = max(Yy,...,Y,) —min(Yy, .., Y,)

(R/S)n= Ryn/Sn

Range

(HEF)

)

Scalex7))

(R/S)4

(R/S)

35



3. Results and Discussion

3.1 Result

Result of R/S Analysis

| Sdds A0S E 2+ Us

I R/ST=AM2 H|O|E{Z Scale2 O, H|I"d &AM O|O|E{-Z max-min RangeE X250 H&d 2 &=
Scale= & O} HH

1 12,30, 75/ 2 |FUS I 2} gfA 7| 2| A0t 2410 Lot HA/H0| =20l &

1 O|2{st AAH YLO| CtYSICH= ©O| X7 gAE S 2T

Do Relturn of CCI . Relturn ofICCI

fu w‘ N l” p« ‘ Wh i o m ‘ o M“M | ﬁ L |l
0.005 A ' | N 0.005 | Ao ' [l im

D _M.J\ d" | iﬁUﬁﬂ ! lﬁﬁﬁw W M M‘ LN | N W | | er“ || a.{” JMM | A \ﬂaunlﬂ Al wﬁ' qﬂ -1' Aﬂ w | | Wl LJ'»"" | ."L il VJ MM |
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2. Research Process

2.3 Model Development (2/2)

V Statistics (Peters 1994)

ScaleO| &5 v Statistics= S 7oLt A 2

Return of CCI

0.035
0.03
0.025
0.02
o 0015
6]
< o001
0.005 W
0
1995 2000 2005

000000

Years 2010“5 o
12-mth

Return of CCI

0.035
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0.025
0.02
o 0015
6]
< o001
0.005 I
0
1
1990 1995 2000 2005 =]

000000

Years 2010 20154
30-mth

Vo = (R/S)n/\/ﬁ

= 12,30, 7570 20| M= 87| E&8 " = E7| =20
LFo| Hels Qi

| e

14
W
%
=
~+
-
~
ik
3
i

00 05 10 15 20 25
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3. Results and Discussion

3.2 Verification & Validation (1/2)

V Statistics

Verification with Other Time Lags
I AMAZEOHO|E 2| AKX HHY 7Y

= Estimate the cycles of CCl returns in different time lags to verify the result of R/S Analysis

12

05 06 07 08 09 10 11

I Result

£\

2-mth
2-mth
3-mth
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\&/

wﬁ]th AN

150 mth
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T
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T
20

1] o8

o H o
22 EMS

A S
_I-OIII
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150-mth
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30-mth
60-mth .
T

T
00

T
20

V Statistics

086 08

Cycle of 30-mth
Cycle of 30, 75-mth
Cycle of 12, 30-mth

Cycle of 30-mth

30-mth

adl

-

—

T
00

T T
05 10
Log(Number of Observations)
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3. Results and Discussion

3.2 Verification & Validation (2/2)

Validation with Other Market Factor i zerum of Crude Oil Price (COP)

I Concept
= Compare the result with other market factor (COP) that is known for highly correlated with CCI

I Result
1-mth 30-mth Cycle of 30-mth
1-mth 60-mth Cycle of 30-mth

30-mth /
O .~

_o/ 60-mth

V Statistics
06 08 10 12 14

T T T T T T
00 05 10 15 20 25
Log(Number of Observations)




3. Results and Discussion

3.3 Summary & Contribution

Summary

= The number of extreme failure cases are continuously arising because of the sudden change in market

= Conventional approaches analyzing the market usually assume the existence of trend of historical data
- Limited to predict a sudden change

= To overcome the limitations, this research introduced a cycle estimation model of the global construction
market using Fractal analysis
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Alternative Approach

Regression-based

Fractionally Integrated

ARFIMA(p,d,q)

AR(p) MA(q)
Combine
Multi-variate
ARMA(p,q)
Non-stationary (xt2 gh=4=al)
Multi-variate

ARIMA(p,d,q)

o

= Htgot m &

Multi-variate

Non-stationary
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ARFIMA (Fractionally Integrated)

! Model Identification

= R/S Analysis 2 H>0 - ARFIMA!!
= Stability Teston H

- Calculate H in different starting point of training set > Average

1 —

s

=1

! Model Estimation

= AR order (p) & MA order (g) — Same with ARIMA
= Hurst Exponent = Fractional Order (d)

- d is a real number (doesn’t have to be an integer)

q
$;Btx (1 —B)ExX, = {1+ZHij}*et

j=1

H: Hurst Exponent
nétOfl 2 R/SnEtE Af=E= AFS I 7[=7]

H7} 20| M (scaleOfl 2t range?t A% 7 TICHH)
HIO|Ef{7} Z=2ligto| E42 JHRICt &

Z H>0 > ZEE EY
OfL|® ARIMA 0=

i

X = ARFIMA 0=
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Validation Idea

10 years (1990 ~ 1999)

1 year (2000)

Training Set

Forecasting Set

M) MAPE,

25 years (1990 ~ 2014)

1 year (2015)

Training Set

) MAPE,

Forecasting Set

MAPE

2000

2005 2010 2015

Month
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Results

Difference of CCI

Sudden Change (2006.01 ~ 2010.08)

d MWWW MWNM I Forecasting Ahead = 12 months (1 year)

50 100 150 200

0

-50

T T T T I T
1990 1995 2000 2005 2010 2015

MAPE MAPE
@Total @Sudden Change

ARIMA 1.49 1.67
ARIMA+ARFIMA 1.42 1.38
ARIMA+ARFIMA
o Black: ARIMA
Red: ARFIMA

MAPE

2000 2005 2010 2015

Month
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Results — Different Forecasting Ahead (1/2)

Forecasting
Ahead
(mth)

O 00 NO UL D WN P

B R R R R R R R
oo NO U D WIN - O

MAPE

@Total
(ARIMA)

0.31
0.41
0.52
0.63
0.74
0.85
0.95
1.05
1.16
1.27
1.38
1.49
1.61
1.72
1.85
1.96
2.09
2.21

MAPE
@Total

(ARIMA+ARFIMA)
0.31
0.41
0.51
0.61
0.72
0.82
0.91
1.01
1.11
1.21
1.31
1.42
1.52
1.63
1.75
1.85
1.97
2.08

MAPE MAPE
@Sudden Change | @Sudden Change
(ARIMA) (ARFIMA)
0.33 0.32
0.46 0.44
0.59 0.55
0.71 0.66
0.82 0.75
0.93 0.84
1.03 0.92
1.13 1.00
1.23 1.08
1.34 1.17
1.45 1.25
1.55 1.33
1.66 1.42
1.77 1.50
1.88 1.59
1.99 1.68
2.10 1.77
2.22 1.86

* Sudden Change: JAN 2006 ~ AUG 2010
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Results — Different Forecasting Ahead (2/2)

Forecasting

Ahead
(mth)
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

MAPE
@Total
(ARIMA)

2.33
2.46
2.59
2.71
2.84
2.97
3.09
3.22
3.35
3.48
3.61
3.74
3.86
3.99
4.12
4.25
4.39
4.51

MAPE
@Total

(ARIMA+ARFIMA)
2.20
2.31
2.43
2.55
2.67
2.78
2.90
3.02
3.14
3.26
3.38
3.50
3.61
3.73
3.85
3.97
4.09
4.21

MAPE MAPE
@Sudden Change | @Sudden Change
(ARIMA) (ARFIMA)
2.33 1.95
2.44 2.04
2.55 2.13
2.67 2.22
2.78 2.31
2.90 2.40
3.01 2.49
3.12 2.58
3.24 2.67
3.35 2.76
3.46 2.85
3.58 2.94
3.69 3.04
3.80 3.13
3.92 3.22
4.03 3.30
4.14 3.39
4.24 3.48

* Sudden Change: JAN 2006 ~ AUG 2010
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Box Plot (Forecasting Ahead = 1,2,3 year)

MAPE

MAPE

! Box Plot (Whole Time)

Boxplot (Whole Time, 12 mth)

————4{03@ o0 O o

«| @O0 00 O o

ARIMA

! Box Plot (Sudden Change)

Boxplot (Sudden Change, 12 mth)

I
ARIMA+ARFIMA

————4{000 oo

=]
o

-
|

|
I S

ARIMA

T
ARIMA+ARFIMA

MAPE

MAPE

Boxplot (Whole Time, 24 mth)

————A{CDO Q o

«|o@®o o o

ARIMA

I
ARIMA+ARFIMA

Boxplot (Sudden Change, 24 mth)

|
I S

ARIMA

T
ARIMA+ARFIMA

MAPE

MAPE

Boxplot (Whole Time, 36 mth)

|
—_—

o

ARIMA

Boxplot (Sudden Change, 36 mth)

T
ARIMA+ARFIMA

T
ARIMA

T
ARIMA+ARFIMA

* Sudden Change: JAN 2006 ~ AUG 2010
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Box Plot — Continuously (Whole Time)

Mean of MAFPE

Prediction Power (Whole Time)

(0))

1 90%
- 75%

- SiE)
-- &)
E

Forecasting Ahead (Month)

20

30

35
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Box Plot — Continuously (Sudden Change)

Mean of MAFPE

Prediction Power (Sudden Change)

(0))

1 90%
- 75%
— : MEAN

Forecasting Ahead (Month)

20 30 35

* Sudden Change: JAN 2006 ~ AUG 2010
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PART Il

Risk Communication



Communication

The single biggest problem with communication is the illusion
that it has been taken place. @ixssge s, 12 2 2r1 M2 22500 2 5igirta Mz 200/h

George Bernard Shaw

- Communication (from Latin communicare, meaning "to share") is the act of

conveying intended meanings from one entity or group to another through the use of
mutually understood signs and semiotic rules

- Imperfect science, reliant on a common appreciation of the meaning, implication and
tone of language being used.

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Types of Communication

 Non-verbal

* Verbal

Written communication

Business

Political

Family

Interpersonal

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



What is Risk Communication?

« Risk Communication

Risk communication is an essential sub-set of any corporate communication policy.

Exchange or sharing of information about risk (UK Risk Mgmt. Standard, AIRMIC,
2002)

Continual and iterative processes that an organization conducts to provide, share
or obtain information, and to engage in dialogue with stakeholders regarding the
management of risk (ISO 31000 Risk Mgmt. Standard, 2009)

An interactive process of exchange of information and opinion on risk among risk

assessors, risk managers and other interested parties (WHO)

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Importance of Risk Communication

* As enterprises have become more complex and diverse, the ability to ensure
common linguistic understanding and interpretation has become increasingly

difficult to achieve.

« The need for clarity of communication has become ever more paramount;
without it, there is unlikely to be uniform purpose, shared systemic beliefs and

ethics, or a means to achieve assurance for all stakeholders.

« The world is now swamped with information from both official and unofficial

channels. This has made people both cynical and desensitized.

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Importance of Risk Communication

Level of Risk Management

Strategic(& )
Risk Corporate Portfolio
Management
Business Unit B1
..................................................................................................................................... Integrated
Approach
Regional Unit R1 R2 R3
4 )
Operational | b
Risk —
Management Project Pl P2 P3 P4 P5 P86 P7 P8 P9 el
N ) Approach
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Basic elements of the risk governance framework

(Renn, 2008)

MANAGEMENT SPHERE: ASSESSMENT SPHERE:
decision on and implementation of actions generation of knowledge

m problem framing
m early warning

e St tostadtn i e B Escreening =0 SRR i
- m determination of scientific '
: conventions :
' n
I v
i
implementation risk assessment
m option realization m hazard identification and estimation
® monitoring and control m exposure and vulnerability
m feedback from risk management assessment
practice i communication i W risk estimation
decision making concern assessment
m option identification and generation m risk perceptions
m option assessment m social concerns
m option evaluation and selection m socio-economic impacts
A '
¥
§ ]
; :
| :
i
i risk evaluation risk characterization :
. m judging the tolerability m risk profile :
it e and acceptability =P mjudgement of the o it
m need for risk reduction seriousness of risk
measures m conclusions and risk

reduction options



Risk Governance Framework

« The aim of Risk governance is
to involve the various
stakeholders within all aspects
of risk management.

 Risk communication is central.

Management Part:
Decision making section

Assessment Part:
Generation of knowledge

Stakeholder
involvement

Local authonbes

*General pubiic

*NGOQ's

Concern Assessment

Risk Parceptions

Social Co =S

Socio-Economic impacts

Risk Management

Implementation

‘Reakzation of opbons

*Monstonng & Control

*Foedback

Decision Making

«QOption Identfication & Generation
*Oplion Assassment

*QOption Evaluabion & Selecbon

Risk Evaluation

Tolerabeity / Acceptabilty
«Neod for Risk Reduchon
Measures

‘—-

Risk
Communication

Risk Assessment

*Hazard Identficaton
‘Hazard Assessment
*Elements at nek mapping
*Vunerabdty Assessment
*Risk Assaessment
*Populabon

sEconomic lsses

Risk Visualization

*Risk Profike
*Risk maps
*Risk scenanos

“WebGIS

Source: The International Risk Governance Council Risk Governance Framework (IRGC) 2006




Risk Governance Framework

« A stakeholder is any individual or group:
- with an interest in the success or failure of an organization/ project/ endeavor in delivering
intended results.

- affected by the outcome of the project.
- might be called on to provide input, feedback, or authorization for the use case.
« Beneficiary: a stakeholder with an interest in the positive outcome of the project

without actively participating



Risk Governance Framework

* Risk information consumers (RC): refers to governmental and non-governmental
institutions (national, regional, local) as well as to communities and individuals, who

may require “information on risk” as an input to carry out their specific tasks.

* Risk information providers (RP): governmental and non-governmental institutions
(national, regional, local), who are requested to provide the required data inputs to
carry through the decision making process concerning risk assessment (the technical
aspects); this includes providers of basic data as well as providers of information on

risk.



Risk Governance Framework

Stakeholder Role |Explanation

Local Communities |RC Local communities are supposed to be direct beneficlaries of risk management policles.
They could be regarded as "Information consumers” when they make use of participatory mechanisms
to take part In the decision making process, and therefore would require to be Informed about the
toplcs under discussion (defining Insurance policies, land use management plans, etc.)
Communities can also take part In the risk assessment process as “Information providers”, especlally
when considering Issues related to vulnerabllity assessment (risk perception, etc.)

Local authorities RC Local authorities are mostly using risk Information for local decision making. They normally do not
have the capadty to generate risk Information on their own.

Governmental|RC Ministries use risk Information In their planning processes, they main role Is as “Information

organizations -|RP consumers”. However, In many cases, the different sectors make use of their own technical resources

sectors to produce risk assessment studies; In this case they are also “providers” of Information.

National basic|RP For Instance national bureau of statistics, topographic surveys. Though they produce “general purpose”

data producers Information, they are relevant for the risk assessment process.

National thematic|RP For Instance: meteorological, selsmological, geological that, generally, should be considered and

organizations “Information producers”

DIs as¢ter|RP A disaster management organization Is both generating risk Information, and Is also using this

management|RC information for early warning, preparedness planning and disaster prevention.

lorganization

Private sector RP Consultants can be Important source for specdfic data for hazard, vulnerabllity and risk assessment. A

RC Speciai case is aiso the insurance industry, which can De a RP as RC at the same time. Sometimes the

entire process of hazard, vuinerabllity and risk assessment IS done entirely by a consulting company.
The private sector as a whole Is also RC as beneficlary of disaster risk reduction

NGO RC NGO’'s often are actively Involved In collecting relevant hazard and vulnerabllity data at community

RP level.

They can also be RC

Universities RP Universities can be active In generating hazard and risk Information. They can sometimes have the
main role In this process

International|RP International organization can bring In additional support for generating hazard and risk Information

organizations RC (e.g. World Bank)

They also require risk Information for making sound Investments.




Risk Governance Framework

Risk Communication

« Risk communication is the interactive exchange of information about risks among risk

assessors, managers, news media, interested groups and the general public.

who (Source)

says what (Message)

via what medium (Channel)

to whom (Receiver)

and directed at what kind of change (Effect)



Risk Governance Framework

Risk Communication

-

Risk assessment: “Do | need to
take protective action?”™

Environmental Social context Information Information Message Receiver
cues sources channels content characteristics
- - Predecisional
Risk identification: “Is there a real
threat | need to pay attention to?” processes

Protective action search: “What
can be done to achieve
protection?™

Protective action assessment:
“What is the best method of
protection?”™

Information needs assessment:
“What information do | need?”™

Communication action assessment:
“Where and how can | obtain this
information?™

Protective action implementation:
“Does protection action need to be
taken now?™

Communication action
implementation: “Do | need the
information now?™




Risk Governance Framework

Risk Communication
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Risk Governance Framework

Risk Communication
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Factors affecting Risk Communication

1. Risk Language

- Despite many attempts to define risk terminology, there is no universally
recognized lexicon of risk either within or outside of the risk management

profession.

- Misunderstanding can arise at the most fundamental level.

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Factors affecting Risk Communication

1. Risk Language

Likelihood of Occurrence (L) Relative Impact (1)
CATEGORY Very Low —p Very High |Negligible —» Extreme Baseline | Coordinate [ oo oo
NA| 1 2 3 (4|5 |A|(B|C|D|E L1

LA BUSINESS PLAN
IlLA.1 Business case E
ILA.2 Economic model/ D

feasibility
ILA.3 Economic incentives/ E

barriers
ILA4 Market/product D
IlLA.5 Standards and practices D
IlLA.6 Operations D
ILA.7 Tax and tariff D
Legend

Likelihood of Occurrence

NA = Not applicable to this project
1 = Very low probability and occurs in only exceptional circumstances (<10% chance)
2 = Low chance and unlikely to occur in most circumstances (10% chance <35%)

3 = Medium chance and will occur in most circumstances (35% chance <65%)

4 = High chance and will probably occur in most circumstances (65% chance <90%)
5 = Very high chance and almost certain and expected to occur (90% or greater chance of occurrence)

Relative Impact

A = Negligible and routine procedures sufficient to deal with the consequences

B = Minor and would threaten an element of the function

C = Moderate and would necessitate significant adjustment to the overall function

D = Significant and would threaten goals and objectives; requires close management

E = Extreme and would stop achievement of functional goals and objectives

CII (2003). IPRA



Factors affecting Risk Communication

1. Risk Language
[Survey by DSMC (1983)]

- Need for common language in
uncertain (risky) situations

- 23 military experts interpreting
various phrases

- How to reduce error and

inconsistency in elicit uncertain
information?

' 34
STATEMENT

oR O |
ALMOST CERTAINLY

5 : T
HIGHLY LIKELY : ' |-

VERY GOOD CHANCE

PROBABLE

LIKELY

PROBABLY

WE BEELEVE

F 1 P

BETTER THAN EVEN

WE DOUBT

e
.

UNLIKELY

-
IMPROBABLE et -
-]

[

Mpligl

PROBABLY NOT

UTTLE CHAMNCE
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Factors affecting Risk Communication

2. Risk Perception

Systematic Bias
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Mak, S. and J. Raftery (1992). "Risk attitude and systematic bias in estimating and forecasting." Construction Management & Economics, 10(4): 303-
2320



Barriers to Communication Effectiveness

* Physical barriers: Physical barriers are often due to the nature of the

environment.

« System design: System design faults refer to problems with the structures or
systems in place in an organization. Examples might include an organizational
structure which is unclear and therefore makes it confusing to know whom to

communicate with.

 Attitudinal barriers: Attitudinal barriers come about as a result of problems

with staff in an organization.

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Barriers to Communication Effectiveness

« Ambiguity of words/phrases: Words sounding the same but having different

meaning can convey a different meaning altogether.

 Individual linguistic ability: The use of jargon, difficult or inappropriate words

in communication can prevent the recipients from understanding the message.

* Physiological barriers: These may result from individuals' personal
discomfort, caused—for example—Dby ill health, poor eyesight or hearing

difficulties.

« Bypassing: These happens when the communicators (sender and the

receiver) do not attach the same symbolic meanings to their words.

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Barriers to Communication Effectiveness

« Technological multi-tasking and absorbency: With a rapid increase in
technologically-driven communication in the past several decades, individuals
are increasingly faced with condensed communication in the form of e-mail,

text, and social updates.
* Fear of being criticized
* Gender barriers

e Cultural distance

Bulgin, A. (2011). Risk Communication in the 21st Century Extended Enterprise.



Risk Visualization

« Statistical information per administrative unit (country, province, municipality, or
neighborhood)

* Maps which shows the spatial variation of risk over an area

 WebGIS applications that allow the user to combine different types of information,
and display information such as:

« Animations showing the spatial and temporal distribution of hazards and risk

* Infographic



Risk Visualization

Global Risk Data Platform

Home Map Graphs  Data-Download Data-Extraction OGC-Webservices  Advanced tools

Help

About

== PREVIEW =

information on global risk from natural hazards. Users can visualise, download or extract data on
past hazardous events, human & economical hazard exposure and risk from natural hazards. It
covers tropical cyclones and related storm surges, drought, earthquakes, biomass fires, floods,
landslides, tsunamis and volcanic eruptions. The collection of data is made via a wide range of
partners {see About for data sources). This was developed as a support to the Global Assessment
Report on Disaster Risk Reduction {GAR) and replace the previous PREVIEW platform already
available since 2000. Many improvements were made on the data and on the application.

Support the Global Risk Data Platform
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The PREVIEW Global Risk Data Platform is a multiple agencies effort to share spatial data
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Risk Visualization

Ergo-CORE

The Ergo Open Source Consortium’s base [T infrastructure, Ergo-CORE, consists of the MAEViz platform developed by the earthquake engineering community
under the leadership of the University of Illinois at Urbana-Champaign, with extensions provided by EQvis, a European application for industrial risk by the IRIS
Project). The Consortium'’s primary goal is to encourage and support the development of improvements and enhancements to Ergo-CORE, as well as
development and extension of applications and models that are compatible with both the Ergo-CORE platform and one another, in order to provide for a
valuable, robust environment for decision-makers and researchers concerned with hazard analysis, response, and prevention. Ergo-CORE will provide baseline

data management, visualization and modeling, and analysis services, as well as user interface functions.

Currently, the Ergo project is focused on applications and tools supporting the earthquake engineering community. However, Ergo aims to broaden this focus to
encompass other communities engaged in hazard risk assessment and response. While natural hazards such as earthquakes, volcanic eruptions, and severe
weather and flooding will remain the major focus of application development, we anticipate similar applications in other critical areas, such as the health, utility,
transportation, and supply sectors. Finally, we anticipate supporting the Ergo platform and its applications as planning tools for urban and regional development.

Ergo-EQ

The Ergo Open Source Consortium’s co

= Ergo-E
..n.‘ . .'.';rt.g,::.'.".g::.

Source: https://ergo.ncsa.illinois.edu




Risk Visualization

WebGIS: RiskCity

RO — — [ T S r
B W Ao s gF “wady 2Hdds

Mudte- Hasard Risk Assessoment
0 s ¥
|, e G e P TV T il — — - e
- . e ' p—— Rag—
il iy o B J L 2 & §WE B By, S g i
s — -
._.i“_. .:.1. =

T

i
|
1-{-

LERT
i

L]
il ETF




Risk Visualization
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A Spatial Disaster Assessment Model of Social
Resilience Based on Geographically Weighted

Regression
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1 Department of Civil and Environmental Engineering, Seoul National University, Seoul 08826, Korea
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