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Abstract 
The term Risk is always followed by the term of Hazard. Risk might be interpreted as damage either 
to the human life or physical assets. On the other hand, risk depends on the hazard event occurring 
probability and the effect to the society by the event. This paper addresses to discuss possibilities 
to overcome the aleatory uncertainty through spatio - temporal data. It is necessary to develop new 
techniques to accommodate the peculiarities of the combined spatial and temporal information that 
take their outset in existing techniques and minimally extend them. On this platform, the current 
status of the risk analysis, the limitations and proposed solutions for the applicable methodology due 
to uncertainties of the risk analysis models, are discussed. 

Introduction 
Any threat, which occurs again to the innocent human life is called a hazard that can be measured 
by risk. Hazards may be either natural or manmade. Any hazard, which can happen directly due 
to the natural phenomena is called natural hazard like flood, landslide, storms, or tsunami etc. The 
concept of risk is invoked as a central issue across a wide range of policy debates. How can risks 
be reliably identified, how can they be managed, under what circumstances should they be accepted 
or rejected and, especially, how are they likely to be interpreted or 'perceived by different people? 
These questions arise in areas as diverse as health and Lifestyle, hazardous industries, pensions and 
investments, transport climate change and environmental protection. 

In risk analysis, the extent to which potential undesirable consequences threaten the performance 
of a given activity is quantified by constructing and analyzing a model. The model constitutes a 
simplified representation of the real system, reflecting the causal relations that produce the events 
focused on by the decision-makers. The complexity of the model is governed by several factors, 
such as the complexity of the system, the knowledge about the system that is available to the risk 
analysis team, the amount of information the decision-makers consider a sufficient basis for making 
the decision in question and the resources available to the analysis team. 

Risk analysis aims to use available information to estimate the risk to individuals or populations, 
property, or the environment, from hazards by qualitatively & quantitatively. Among them, the 
qualitative risk analysis deals with the description of the magnitude of potential consequences and 
the likelihood that those consequences will occur. 

Status of Risk Analysis 

Risk, because of natural hazards, depends on two factors named, the probability of a certain 
event occurring and the effects of that event. The effects depend on the characteristics of hazard and 
on the exposure and vulnerability of people and the built environment. The effects of natural hazards 
can generally be classified as building and infrastructure damage, direct and indirect economic 
losses; and societal losses (injuries, fatalities, social dislocation). For the calculation of these effects, 
it is necessary to model those hazards I scenarios on mathematical base. 
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Initially, in the model of natural hazard events is the development of a mathematical 
model to represent the physics of the phenomenon. Broadly speaking, two kinds of mathematical 
representations can be developed called, deterministic and probabilistic. 

Deterministic models provide results for a specific scenario, usually the worst-case scenario, 
but they do not provide information about the effect of uncertainties on the results. Probabilistic 
models, on the other hand, can account for uncertainties by using random variables. The effects of 
each of these events and their probability of occurrence can then be determined. To ensure that the 
model includes a probable population of events likely to affect the region of interest, values for the 
random variables used to model the hazard can be obtained from historical records. By working with 
a range of possibilities and modelling uncertainty in a rigorous manner, probabilistic models provide 
a more complete picture of the risk. For this reason, probabilistic models are becoming the preferred 
methodology for risk analysis [4]. 

Limitations of the Current approaches 

The most difficult part of probabilistic model development is the identification and inclusion 
of uncertainty in the model. In particular, it is important to distinguish and represent two kinds of 
uncertainty: aleatory and epistemic. 

Aleatory uncertainty includes natural variability and the inherent randomness of complex 
physical phenomena. This kind of uncertainty can be estimated but it cannot be reduced. 

As an example of aleatory uncertainty, never predict the location, time and intensity of the 
next hazard will affect. In other words, uncertainty emerges due to the information gather from input 
data. 

Epistemic uncertainty is the result of inadequate data and incomplete model development 
due to limitations in knowledge of the phenomenon's physics. This kind of uncertainty can be 
reduced with better data collection, advances in knowledge of the physics of a phenomenon and 
refinement in models to represent it. For example, in a cyclone model epistemic uncertainty exists 
in the model itself and the values of model parameters such as central pressure, radius to maximum 
winds, translation speed, and location and characteristics of buildings affected by the phenomenon 
[3]. 

Among those uncertainties, aleatory uncertainty is the most considerable limitation in this 
research. 

Brief EXPLANATION OF the Limitation 

At present, there is no correlation between the input data with time. I.e. its only concern 
the static condition, instead the dynamic. If it is possible to use the time dependent spatial data 
instead of the present input, it is not quite impossible to predict those hazards to violate the aleatory 
uncertainty. Input data, i.e. the causing factors may have different steady periods, which can maintain 
its statues constantly. Within this steady period it is almost act as ideal to the modelling criteria. If it 
is so, final predicted result and the ground truth or final incidence ideally, match together. However, 
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unfortunately it will not happen, as nothing factors have infinite length of steady period. Length may 
vary up to hundreds or thousands million years from the mille - second. Due to this variation, the 
steady period may classified as long term & short term. Generally, if any factor has the steady period 
of more than ten years it may classified into long term steady factor, while the rest as short term. 
Example of long-term steady factors is soil condition, geological factors, bedrock etc. In hazard 
modelling, less number oflong-term steady factors associates with recognized models. Unlike, long­ 
term factors, short-term steady factors have inconsistent behaviours in considerable period. Due to 
this inconsistency, final incidence may vary from the prediction. Ignoring the short-term factors is 
impossible, as the quantity take much higher value than long term. Ground water condition, Land 
use, Land cover, tidal level, etc. are examples of short-term steady factors. 

Solution to the Limitation 

Perfect solution will be the use of time dependent spatial data (i.e. Spatio-temporal data) 
instead, the present input data. What will be the separation between current & Spatio-temporal 
data? There is not much significant change between them. Only consider the time due to the spatial 
changes. As a result, the whole modelling system will change in to 4D from 3D, by using the 
Time variable as the fourth axis. However, the most important thing should keep in mind, that the 
Independent variable will be Time in this 4D system, while the rests are dependent since nothing 
will steady due to the time. Then is it necessary to use Spatio-temporal data for all kind of causing 
factors in the model? No. The Spatio-temporal data for Long-term steady factors will not effective 
on cost benefit basis for short-term period. Therefore, it is sufficient to use Spatio-temporal data 
for short-term factors, while remaining long-term factors as constant basis, which can easily be 
use to current input data. The next question will be is it possible to automate Spatio-temporal data. 
Answer is "Yes." Therefore, above discussed limitations may overcome with the appropriate spatio 
- temporal data automation model. 

Spatio-temporal data automation models 

It is necessary to have a better support for both spatial and temporal changes by a spatio 
- temporal model. Spatial changes can be classified as static or transitional, as well as the temporal 
changes can be classified as mutation or movement. When considering the uncertainty point of view, 
the most important fact is the temporal changes. 

Mutation refers to changes to the internal mechanism of an event or a process or to the 
interaction between event or process and their environment. Movement concerns the travel of an 
event or an entity from one place to another and the event or entity may or may not involve changes 
in spatial properties other than location [5]. 

The ideal example for this type of modelling is Cyclone. Thunderstorm and tornado as 
subsets of cyclone may develop in a place and progress to other place. A practice of artificial rainfall 
in a region may mutate the patterns of precipitation and water resources in its surrounding area. 
Type V changes, i.e. for a given area where attributes may change site to site and from time to time, 
analysis is done by fixing location, controlling time, and measuring attributes (Yuan, 1996), describe 
the mutation of a type of processes or events (semantically objects) by two sets of temporal objects; 
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Figure I expresses the spatio - temporal representation of the mutation of Cyclone as 
follows. 

each of them is linked to a set of spatial objects. Comparisons are made between the two sets of 
spalial and temporal objects to show how a process mutates its attributes temporal properties, and 

spatial characteristics in the two sets of time series. Therefore a comparison of frequency, period, 
and severity of an event in an area at different periods may suggest Type V temporal changes in the 
area. 

Figure I: An example of mutation of Cyclone 

Modelling of mutation can be done by using the following syntax and semantics of ST-Pi 

calculus, which is the spatio temporal extension of pi calculus [2]. 

ST-Pi calculus [I] is the spatio temporal extended 1t - Calculus to allow a free movement of 

parallel 1t processes. Adding a spatial notion to a process definition is straightforward, as 

E V V = l){d each process P can be associated with a certain position P ' being a vector 

space with a norm 11 IIV. 

As each process P is now associated with its current position P and a movement function m, 

it can be written as Pt . The position vector is superscripted and, since it is a vector, marked 

with an arrow. The movement function of the process is subscripted. 
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ST-Pi calculus [1] expressions use the same operators as 1t processes, so it can be 

presupposed that a normal form (or standard form) can be found for each expression. A 

normal form is an expression (new a ) (Ml I ... [Mn), with a being a set of restricted names 

five (5) and each process Mi is a sum. 

Syntax: The set of all ST-Pi calculus expressions are rather similarly to the 1t - 

calculus, except that the replication, i.e. it is not part of the basic definition. An 

empty process, "nil", is introduced, which does not move and has its position at V's 

·10 m - - - 
point of origin. In other words, "nil" is a short hand for m(O.x)-O. The formal 

definition of a ST-Pi calculus expression is as follows: 

PP .. = "" p,P; 
m • • L.., 1ti · Im. 

j El I 

Parallel Processes 

Process Summation 

(new x) P� 
nil 

New Communication Scope 

Inert process 

Prefix - n: Let "Ch" be the set of channel names. The action 1t can either be: 

1t ::= Ch(x, r) 

Ch(x, r) 

Sending x over channel ch with radius r 

Receiving x over channel ch with radius r 

wait(t) . . .1 
. 

Waiting unti time t 

Semantics: The operational semantics have defined as rules on a tuple, but with 

the help of some predicates. Two predicates are defined on this configuration: 

COMM is true if a communication is possible and WAIT is true if the end time of a 

wait action has been reached. If neither is true, no parallel process may act or 

interact at any remaining moment of the current time interval. This results in the 

transition from one interval to another. The predicates are used to express the 

conditions of the two rules that constitute the semantics of a ST-Pi calculus 

execution. 

P1ii1 
The predicate COMM defines under which circumstances process mi is able to send "y" 

p P2 
over channel "Ch" to is able 2m2 

, where "y" then substitutes "x": 
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(Pi, P2, Qi, Q2, Ch, x, y, CP, T, o) E COMM � 
ji ji - - Pi�, 'P2r:2 E ti, t2 E T /\ Ch, x, y E Ch /\ 0 E [0,1 - A] /\ 

(P1 = + Ch(y, r1).Q1 + ) /\ (P2 = + Ch(x, ri).Q2 + ) /\ 

II (i3i + o.(t1 - P1))- @2 + o.(t2 - P2)) llvs r1 + r2 

The predicate Wait is true if there is a process P that acts time-triggered due to a wait action: 

(P, Q, CP, ti' A, o) E WAIT � 
P E CP /\ o E [0,1 - A] /\ (P = ..... + wait( t ).Q) + ..... /\ t = ( ti + A + o ).i\ 

In addition to that, the NIL rule can be used to reduce nil processes. NIL rule declared as: 

P = nil /\ P E CP : (a, CP, T, ti, A, 81) 
� (a', CP', T', ti, A, 81)with 

if 

CP' = CP - P, a' cleartji, CP'), T' T - tind(P) 

Conclusion and Future work 
In risk analysis, we are concerned with uncertainty related to the outcomes of 

carrying out some activity that is considered important in a decision-making setting. 
Examples of outcomes considered are observable quantities such as the number of fatalities, 
the extent of environmental damage or performance measures of purely economic interest, 
such as the degree of fulfilment of technical objectives or time consumption. Typical 
decision processes where risk analyses are used are the overall selection of conceptual 
layout in a project, comparison of alternative system configurations, and operational 
strategies. Risk analyses may improve the decision basis by quantifying the overall risk level 
associated with the decision alternatives, identifying main contributors to risk, and the most 
effective measures for reducing it. Finally, further research still needs to incorporate 
spatiotemporal constructs from natural phenomena into the modelling of temporal 
information to fully analyse the risk of natural hazards through uncertainties. 



446 

Reference 

[1] Lakmal, A.H., 2011 "Process oriented modelling approach with 1t - Calculus for 

spatio-temporal phenomena", Liaoning Technical University, China. (Unpublished 

Doctoral Dissertation) 

[2] Milner, R., 1999. "Communicating and Mobile Systems: the n-Calculus", 

Cambridge University Press, Cambridge 

[3] Wen Y.K., Ellingwood B.R., Veneziano D. and Bracci J. 2003. "Uncertainty 

modelling in earthquake engineering", MAE Center Project FD-2 Report, 

[4] Woo G., 2002. "Natural catastrophe probable maximum loss", British Actuarial 

Journal. Vol. 8, part V. 

[5] Yuan M., 1996. "Temporal GIS and Spatio-Temporal Modeling", NCGIA, 

SANTA FE CD-ROM. 

[6] Yuan M., 2000. "Temporal GIS and Spatio-Temporal Modeling", Online: 

www.ncgia.ucsb.edu/con.f/SANTA FE CDROM/sf papers/yuan may/may.html. 


	302
	303
	304
	305
	306
	307
	308
	309
	310
	311
	312
	313
	314
	315
	316
	317
	318
	319
	320
	321
	322
	323
	324
	325
	326
	327
	328
	329
	330
	331
	332
	333
	334
	335
	336
	337
	338
	339
	340
	341
	342
	343
	344
	345
	346
	347
	348
	349
	350
	351
	352
	353
	354
	355
	356
	357
	358
	359
	360
	361
	362
	363
	364
	365
	366
	367
	368
	369
	370
	371
	372
	373
	374
	375
	376
	377
	378
	379
	380
	381
	382
	383
	384
	385
	386
	387
	388
	389
	390
	391
	392
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403
	404
	405
	406
	407
	408
	409
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420
	421
	422
	423
	424
	425
	426
	427
	428
	429
	430
	431
	432
	433
	434
	435
	436
	437
	438
	439
	440
	441
	442
	443
	444
	445
	446
	447
	448
	449
	450
	451
	452
	453
	454
	455
	456
	457
	458
	459
	460
	461
	462
	463
	464
	465
	466
	467
	468
	469
	470
	471
	472
	473
	474
	475
	476
	477
	478
	479
	480
	481
	482
	483
	484
	485
	486
	487
	488
	489
	490
	491
	492
	493
	494
	495
	496
	497
	498
	499
	500
	501
	502
	503
	504
	505
	506
	507
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518
	519
	520
	521
	522
	523
	524
	525
	526
	527
	528
	529
	530
	531
	532
	533
	534
	535
	536
	537
	538
	539
	540
	541
	542
	543
	544
	545
	546
	547
	548
	549
	550
	551
	552
	553
	554
	555
	556
	557
	558
	559
	560
	561

