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PREFACE 

Since the early period of IIASA activity, researchers on 

multicriteria decision-making have been forming a core with 

which IIASA has been contributing to the academic world, and 

at present it is on a new line. The main characteristics of 

the complex problems facing humans today are multidimensional 

and multiple objective. They include noncomrnensurate and 

conflicting elements. In order to cope with these, multi- 

disciplinary implementation must be performed. Systems 

analysis is an integrated approach to meet this request. 

Particularly in order to solve complex problems with conflict- 

ing objectives, an improvement in decision-making processes 

will be urgently expected. 

In the System and Decision Sciences Area of IIASA, Decision 

Processes and Hierarchical Structure is one of the main projects 

in Task 1 Decision and Planning Theory. In this project, the 

emphasis is placed on making mathematical descriptions of hier- 

archical decision making processes and balancing conflicting 

objectives. Multiobjective mathematical optimization processes 

shall be combined with judgemental or coordinating processes. 

This paper is a part of the modest works which contribute to 

this direction. The numerical results have been obtained in 

cooperation with the Systems Engineering Department of Kobe 

University in Japan, from where Dr. Masatoshi Sakawa came to 
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IIASA and cooperated with Fumiko Seo. The authors are indebted 

to Mr. Kozo Tazumi of Kobe University for his excellent con- 

tributions to computational works. 



ABSTRACT 

For analyzing a regional land-use program based on water 

pollution control, a hierarchical modeling of multilevel systems 

is presented. The overall, large scale objectives complex is 

decomposed into functional as well as regional subsystems. The 

device for coordinating and evaluating the sub-system is based 

on multiattribute utility analysis combined directly with dual 

variables obtained from mathematical programming. Shadow 

prices are used to derive the component criterion ("utility") 

functions which is a device for commensurating noncommensurate 

attributes. In the upper layer of the decision making system, 

uncertainty based on judgemental probability distributions is 

explicitly taken into consideration. This procedure is provided 

as a modified dynamic version of the nested Lagrangian multi- 

plier method and is applied to the northern Senshu area in the 

Osaka prefecture of Japan. 



1. INTRODUCTION 

In this paper we are concerned with a regional land-use 

program combined with water quality management. The purpose 

of this paper is to present a methodology for planning, manage- 

ment and evaluation of the land-use program based on an industrial 

reallocation plan, in which economic growth and environmental 

management are compatible with each other. An illustration is 

also provided for a suburban area of southern Osaka, the 

northern Senshu area. 

The objective area is the Otsu river basin in the Osaka 

prefecture. The Otsu river has three tributaries: the Makio 

(15,134m). the Matsuo (12,331m): and the Ushitaki (17,534m) 

rivers. These rivers have their origin in the Izumi mountains 

in the south-eastern border of the Osaka prefecture. The Makio 

and the Matso rivers flow through Izumi city and the Ushitaki 

river flows through the agricultural area of Kishiwada city. 

The Otsu river gathers water from these tributaries, passes 

through the border between Izumi otsu city and Tadaoka cho and 

finally flows into Osaka Bay (Figure 1). In Izumiotsu and 

Tadaoka cho, the southern part of the Sakai-Senboku (northern 

Senshu) coastal industrial complex is located. In 1zumi city, 

residential, agricultural and forest lands cover a large area. 



Among them some industrial plants are located. Thus, the 

region is a typical example of a regional complex probZematique, 

which is interpreted as an objectives complex. 

Takaishi city 

-+ water intake - national railway - private railway 

Figure 1. Map of the Otsu River  asi in. 

The object to be analyzed is large-scale because it in- 

cludes many objectives and variables (instruments, i.e. the 

lowest-level objectives) which correspond to various kinds of 

multidisciplinary aspects. The object also has a complexity 

because the objectives and variables (instruments) are usually 

noncomrnensurate and in conflict with each other. This means 

that, generally, an overall supreme solution among Pareto- 

optimal solutions does not exist, which is a major characteristic 

of multidimensional criteria problems. A methodology for coping 



with these difficulties has to be developed based on a multi- 

objective systems analysis. 

In this paper, the nested Lagrangian multiplier method 

which has been developed by the authors (1977, 1979a, 1979b) 

is applied in a probabilistic and dynamic version. The main 

procedure of this method is based on a hierarchical configura- 

tion and decomposition of the large-scale complex problematique 

in multilevel systems. Based on the decomposed subsystems, 

water quality simulation processes are independently introduced 

and combined with a main program unit for industrial land-use 

program. Mathematical programming is applied to the main pro- 

gram unit in the linkage with the simulation unit. A dynamic 

loop for iterative evaluation and calculation of optimal solu- 

tions is used sequentially during each subperiod of the planning 

time horizon. The final result of the systems evaluation is 

presented in terms of the multiattributable utility functions. 

In the process of deriving the multiattribute functions, compo- 

nent utility functions (or utile index) are treated as uncertain 

quantities. Thus assessments of judgemental probability distri- 

butions for component utility functions are executed. Using 

the expected values of the utility functions, the numerical 

values of the multiattribute utility functions are derived and 

calculated. 

2. HIERARCHICAL MODELING 

The regional complex related to water resources in the 

objective area, the Otsu river basin, is primarily shown in a 

model diagram [Figure 2). This diagram almost corresponds to 

the graphical location order. 

For structuring the complex programatique, an overall 

regional system is decomposed into "independent" subsystems in 

multilevel. A hierarchical configurationisdepictedin Figure 3. 

There is one main program unit and two subsidiary units: water 

quality simulation unit and agricultural planning unit. The 

hierarchical modeling of multilevel systems is composed of two 

strata. The first stratum is concerned with the analytical 



Figure 2. Model Diagram of the Otsu river basin. 

- 

aspect of the system's behavioral description - o p t i m i z a t i o n .    he 

second stratum has a more ambiguous aspect- coo rd i na t i on ,  for 

which a subjective evaluation must be made. The analytical 

aspect is composed of the main program unit (two infimal levels 

in which regional and time decomposition are executed) and the 

subsidiary units. The coordination aspect is composed of three 

levels. The suprema1 coordination unit in the highest level is 

the (hypothetical) Otsu river basin regional authority. Infimal 

coordination units are composed of the two-level industrial 

reallocation planning in the main program unit and are in the 

same interface as the two subsidiary units. Theycorrespond to 

a functional decomposition. 
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In the main program unit, land-use programs connected with 

an industrial reallocation plan for each sub-region are formal- 

ized and evaluated. The main concern of the decision maker is 

to find a compatible way. for environmental (water pollution) 

control and regional economic growth. The subsidiary units 

provide complementary information for modeling and evaluation 

of the land-use program. Main information channels have their 

counterflow in each level. Thus, iterative evaluation and 

calculation for obtaining optimal solutions are interactively 

executed through learning and adaption processes. This process 

forms a closed loop of the information channels via data input- 

output relationship. 

Corresponding to the m u l t i l e v e l s t r u c t u r i z a t i o n o f  the prob- 

lems, decision making processes are also depicted in multilevel 

systems(Figure 4).They are composed of two layers - o p e r a t i o n a l  

and j udgemen ta l .  At the first layer, the programming unit is 

concerned with mathematical programming for finding optimal 

solutions for resource allocations and related evaluations. The 

simulation unit is concerned with the modeling and simulation 

of water quality. At the second layer, decision units execute 

decision analysis in three levels. Assessment and evaluation 

of the degree of satisfaction for water quality management and 

economic growth in each region are performed in terms of the 

multiattribute utility function in which component utility 

values are treated as uncertainty quantities. Namely, the 

decision maker at the upper level takes account of the un- 

certainty with which the systems will be faced in all courses 

of the planning. 
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Figure 4. Structure of multilevel decision making. 



3. INTERACTIVE MATHEMATICAL PROGRAMMING 

Mathematical programming for the major program unit is formu- 

lated in each sub-region:Izumi-otsu and Izumi cities and Tadaoka 

cho . 
Maximize : 

Subject to: 

-7r t 
7T ' 

Kjtoe < K .  (t) z K j o  e t - 3 



where j is an industry and t is a planning subperiod. The 

objective function (1) is the sum of a local Cobb-Douglas-type 

production function for each industry. Hicks-neutral techno- 

logical progress is included in each function. Capital value 

K labour force L and land D are decision variables. 
j 1' j 

In constraint (2), the variable Dl (t) is related to a 
7 , 

growth policy for total capital K(t) = ~ ~ ~ e ~ t .  k .  is a capital 
3 

coefficient and di is a land coefficient in each industry. In 
> 

constraint (3), the variable K.(t) is related to a pollution 
3 

control policy, W(t), which shows a target level of COD effluent 

discharge. wi is a unit load of COD per industrial shipment. 
J 

w and d are changed in each subperiod by a gradual reduction 
j j 

policy. These right-hand side constraint constants and indica- 

tive parameters are imposed by the second layer decisionmaker. 

Constraint (4) shows that all the labour requirements do not 

exceed the predicted total labour supply. Constraint (5) shows 

upper bounds of total availability of land for industrial use. 

Constraint (6) is a technical constraint and shows upper and 

lower bounds of capital-labour ratio in each industry. Constraints 

(7) and (8) are frictional constraints and are set for avoiding 

radical changes of industrial structure. It is admissable for 

local decisionamkers to assign these constraint constants as 

their own policy. Actually indicative parameters are set as 

shown in Table 1. 

Table 1. Indicative Parameters in  ath he ma tical programming 

Percentage change for time 
period (10 years) 



In this problem, the constraints (2) and (3) are especially 

important because they are the main subjects of decisionmaking 

for the integrated regional planning. Thus, the problem is to 

find an optimal policy for resource allocation (capital, labour 

and land) for maximizing local industrial outputs under the 

conditions performing a prescribed economic growth policy and 

water quality control, considering the total supply of available 

labour forces and land resources. In the process of solving 

nonlinear mathematical programming, an evaluation for local 

economic growth and environmental management policy is provided 

with the dual optimal solutions which are combined with con- 

straints (2) and (3). Thus, mathematical programming simulta- 

neously provides the optimal resource allocation policy and its 

evaluation. In fact, the problem (1)-(8) has been solved 

iteratively in the time decomposition form. For solving non- 

linear mathematical programming, Generalized Reduced Gradient 

Algorithm developed by Lasdon et al. (1974, 1975) is used. 

In addition, iterative learning and adaption processes in 

a dynamic loop are also embedded in the optimization processes. 

Namely, the main program unit is combined with the simulation 

unit by receiving information on the pollutant discharge 'as an 

input and by sending information on the industrial shipments as 

output. In the simulation unit, an ecological water quality 

model is used for assessing interrelationships among ecological 

constituents based on self-purification mechanisms in the river. 

The river quality model, based on a chemical reaction between 

dissolved oxygen (DO) concentration and biochemical oxygen demand 

(BOD) concentration, is well-known as the Streeter-Phelps model. 

In ecological models which have recently been developed (Beck, 

1978), more detailed information on ecological activities such 

as sunlight effects, water temperatures and photosynthetic 

activity of plant and algae is included. Beck has presented 

various types of the ecological model describing the ecological 

interrelationships and has provided some empirical results of 

simulation in the River Cam (1978,1978b). ~ccording to his 

experiment, it is known that to include the algal population 

does not greatly improve the model fitting of the observed 



system. Thus, for simulating self-purification mechanism of 

the freshwater river, the following model, based on the con- 

tinuously stirred tank reactor (CSTR) idealization, is utilized 

on a day-by-day basis. (Beck and Young, 1975,1976). 

where 

and 

2 
C(T) = 14.5412-0.3928 O(T) -0 .0073 [9 (~) ]  - 

- 0 . 0 0 0 0 6 6 [ 9 ( ~ ) 1 ~  

'0 ITk 5 '365 'k 
- 

Tk-l = 1 (day) 



In this model, it is assumed that there is no transportation 

delay. Measurement errors are also neglected. 

Variables and parameters are explained in Table 2. Values 

of the parameters are almost similar to the River Cam's data 

because geographical conditions are not so different from each 

other. However, some corrections have been made for empirical 

data in the Otsu river during the whole year. Special con- 

sideration is given to the hot and humid weather conditions in 

Japan in the summer season. A time-series data for the sunlight 

hours V(ri) are shown in Appendix A. 
* 

The simulation output X2(r) of this model is used at the 

input data to the main program along with Q(T) in summation. 

The input variables U 1 ( ~ )  and U2(~)  are obtained from optimal * 
values of the industrial shipment H.(t) which is the value of the 

3 
production function, multiplied by the pollutant-load parameter 

wj(t). These values are iteratively revised in each planning 

subperiod (t=1, . . .5) , 

On the other hand, the main program unit also obtains infor- 

mation on available land resources for the industrial use from 

the agricultural planning unit. Especially for Izumi city, 

which includes a large area of agricultural land, constraint 

constants in the equation (5) are treated as time-variants 
u D (t), t-1, ..., 5, based on a revised industrialization plan 

which -intends to slow down the conversion speed of agricultural 

land to industrial uses to less than in the past few years. 

Here again, iterative learning and adaption processes are also 

assumed. These interactive processes among the main program 

unit and two subsidiary units are depicted in Figure 5. 

4. EVALUATION PROCEDURE 

According to the nested Lagrangian multiplier (NLM) method 

(Seo 1977,1979), the dual optimal-variables obtained in each 

subsystem are utilized as the basic factor of the system's 

evaluation. Utilization of Lagrangian multipliers (shadow 

prices) as a. base of the system's.evaluation has been developed 

by Haimes and Hall (1974), Haimes, Hall and Friedman (1975) 



Table 2. Variables and Parameters. 

VARIABLES and DEFINITION 
PARAMETERS 

U1 (T I  i n f l u e n t  'DO concen t ra t i on  

U2 ('1 i n f l u e n t  SOD concen t ra t i on  

X1 ('1 e f f l u e n t  DO concen t ra t i on  

XZ ('1 e f f l u e n t  BOD concen t ra t i on  

Q (' ) volumetr ic  f low-rate 

wan v o l u ~ a e t r i c  hold-up i n  t h e  reach 

VALUE 

inpu t  v a r i a b l e  ( g ~ u - ~ )  

i npu t  v a r i a b l e  ( q ~ n ' ~  ) 

ou tpu t  v a r i a b l e  ( q n ~ ' ~  ) 

ou tpu t  v a r i a b l e  ( ~ I I I ' ~ )  

121391 (m3da~ ' ) .  39611 f o r  
5 1 , ~ 2 , ~ 3  and a f te rwards  

- - 

f o r  two days a f t e r  every  
f i v e  days. 

r e a e r a t i o n  r a t e  f o r  DO 0.17(day-l)  

BOD decay r a t e  0.32 (day 

BOD sed imenta t ion  rate 0.00 1 (day-' ) 

c o e f f i c i e n t  f o r  sus ta ined  s u n l i g h t  e f f e c t  in'DO equat ion  0.31 (gm'3 day-') 

C o e f f i c i e n t  f o r  s u s t a i n e d  s u n l i g h t  e f f e c t  in BOD equat ion  0.32 (qm'3 day") 

s u s t a i n e d  s u n l i g h t  e f f e c t  a t  day rk equa t ion  ( 1 1 ) (hr. day-' ) 

th reshho ld  l e v e l  f o r  sus ta ined  s u n l i g h t  e f f e c t  6.0 ( h r . )  

s a t u r a t i o n  concen t ra t i on  of  DO equat ion  (1 4 )  ( q ~ n ' ~ )  

a d d i t i o n a l  r a t e  o f  DO by decomposit ion of bottom mud 0.0 f o r  r , c r k c  r and 
d e p o s i t s  

'335 < 'k' ' 365, 

hrs .  of  s u n l i g h t  i n c i d e n t  a t  day rk 

a d d i t i o n a l  r a t e  of  BOD by l o c a l  s u r f a c e  runof f  

s t ream water  temperature 

nean r i v e r  water temperature  

t ime c o n s t a n t  f o r  d i sc re te - t ime  low-pass f i l t e r  

i n i t i t a l  cond i t i on  f o r  e f f l u e n t  DO concentzat ion  

i n i t i t a l  cond i t i on  f o r  e f f l u e n t  BOD concent ra t ion  

-0.5 f o r  rg l  < r k <  T~~~ and 

'274 < 'k < '334 

-2.0 f o r  352 < 'k < and 

'244 < 'k < '273 

-4.5 f o r  T~~~ < T k <  ' 3  

t ime-ser ies  d a t a  ( h r )  

0.001 (gm-3day-' ) 

t ime-ser ies  d a t a  ( OC) 

8.0 ( O C )  



SIMULATED 
POLLUTANT 1 

Intervention 

\ 

(main 

OUTPUT 
(EFFLUENT) 

INFORMATION PROCESSING AND CONTROL 
(LEARNING AND ADAPTION) 

program unit) 

~ntervention 

K'* (t) 
j 

~;tt) 

~r'it) 
3 

v 

Monitoring & 

1 

Monitoring 

PREDICTED 
POLLUTANT ; 7 ) INPUT 

or* (t) 
j 

ACTUAL ECONOMIC PROCESSES 

MODELING 

Figure 5. An interactive loop of regional planning. 

U l  (T) 

u* (.r) 

AND MATHEMATICAL PROGRAMMING 
SIMULATION 

RIVER QUALITY 
MODEL 

(Subsidiary unit) 

PLANNING 

(Subsidiary unit) 



In their method the shadow prices are mediately used via the 

trade-off rate functions. Worth functions are assessed simply 

with subjective judgement in ordinal scale. 

In our method, it is asserted that numerical ordering of 

the shadow prices corresponds to preference ordering for local 

decisionmaking. This is because numerical values of the 

Lagrangian multiplier in optimal are regarded as an expression 

of the degree of marginal sacrifice of local objective functions 

in terms of constraint constants, which are imposed by the upper- 

level decisionmaker. Thus, the shadow prices are considered as 

a diff iculty index for local decisionmakers in methematical 

terms, and used directly as inverse images of the utility 

functions (utile index). For numerically evaluating the diffi- 

culty index on a cardinal scale, the Lagrangian multipliers are 

positive-linearly transformed into normalized values from 0 to 1. 

With this device, noncommensurate attributes are measured in 

commensurate terms. We call the normalized values the component 

utility function. 

Then trade-offs between each pair of numerical values of the 

component utility functions are examined. Based on the trade- 

off experiments and 50-50 chance lottery techniques, scaling 

constants are calculated. Multiattribute utility functions are 

derived using the component utility functions and the scaling 

constants. Raiffa (1968) and Keeney (1974), Keeney and Raiffa 

(1976) have greatly contributed to this aspect. However, in 

our method, the trade-off experiments are performed in terms 

of the normalized utility values, differing from the original 

device in which the experiments are in terms of the attributes. 

Thus, in our method, the subjective or judgemental phase 

for the coordination processes of decisionmaking is immediately 

based on results from the mathematical phase for the programming 

processes. The basic evaluation factor is the shadow-prices 

as difficulty index for the management system, which is re- 

garded as opportunity costs for interorganizational decisicn- 

making at multilevel. This device intends to minimize ambiguity 

which will be introduced into primal evaluation processes at 

lower levels of multi-layer systems. 



Thus, in the original NLM method, values of the component 

utility functions which have been transformed from Lagrangian 

multipliers are treated as deterministic values. 

However, decisionmaking for the coordination processes at 

upper levels of the multi-layer systems is much more complex, 

and uncertain or fuzzy elements must be included. As one de- 

vice for such an inclusion, the values of the component utility 

functions are treated as uncertain quantities. Namely, expected 

values of the component utility functions with judgemental or 

hypothetical probability distributions are assessed and used 

for deri-ving the multiattribute utility functions at upper 

levels. Thus, hazardous factors in decisionmaking processes 

are introduced into systems evaluation. 

The multiattribute utility functions are derived at multi- 

level. According to Fishburn-Keeney's representation theorems, 

the multiattribute utility functions are assessed in additive 

or multiplicative forms under the preferencial and utility 

independence conditions: 

Additive form: 

where 

0 - < u," i" Ciki = 1, 

Multiplicative form:. 

u{A (x) 1 = I /K[~~{K kiGpi(x) 1 + 1 1  - I] 

where 

A is a vector of Lagrangian multipliers in optimal and Ai is an 

element in it. x is a vector of attributes. Bi is an expected 



value of the component utility function and U is a multiattribute 

utility function. ki and K are scaling constants and obtained by 

the trade-off experiments and 50-50 chance lottery technique 

among the'utlity values. With nesting procedures, the multi- 

attribute utility functions are derived one after another in the 

hierarchical systems. Actually the value u: for the cumulative 

distribution function 

is assessed-for several fractiles of distribution. Schlaifer 

(1969,1970) has contributed to derive judgemental distribution 

functions and to computerize them. Expected values of the com- 

ponent utility functions with probability distribution function 

are used for calculati~g the multiattribute utility functions. 

Alternative experiments which take account of probalistic factors 

in any level of the utility functions are efficiently performed 

with ICOPSS/1 computer package which has been newly developed 

by the authors (Sakawa and Seo 1980a,1980b). 

Using these numerical values, spots where the difficulties 

for executing the integrated regional program exist are searched 

in the whole system. The results are utilized for better under- 

standing of implications of the current management plan and for 

decision-aid for framing and evaluating more desirable alternative 

plans. 

5. SOME NUMERICAL RESULTS 

For obtaining numerical results, major industries in each 

sub-region have been chosen. The number of industries is nine in 

Izumiotsu, seven in Izumi and three in Tadaoka. Details are 

shown in Table 3. 

Alternative plans for the integrated regional management- 

land use program are formed and evaluated over five planning 

periods 1 . 5 )  Active constraint constants for all the 



Table 3. Selected industries in each subregion. 

Code ,Industry Izumiotsu Tadaoka Izumi 

Foods 
Textile Mill products 
Apparel products 
Lumber & related products 
Pulp & Paper products 
Chemicals & related products 
Clay & Stone products 
Iron and Steel 
Fabricated Metal products 
Machinery 
Transportation Equipment 

Total 9 3 7 

alternatives are shown in Appendix B . The selection of measure- 

ment units is crucial and assumed to be reasonable and practically 

meaningful. 

Alternative I. 

First, as one of the alternative land-use plans, a radical 

industrial reallocation program between coastalandinland areas 

is examined. The total capital formation at the end of the 

planning period will reduce about 18% in the coastal area 

(Izumiotsu and Tadaoka), but will increase about 26% in the in- 

land area (Izumi). Connected with the industrial reallocation 

programinthe coastal area, industrial land areas are reduced 

about 45 and 51% at the end of the planning period. In the in- 

land area (Izumi city), the industrial land is decreased about 

20%. The total volume of COD, which will be discharged into 

Osaka Bay, is reduced about 28%. The reduction rate $ for 

land coefficient is 0.022 for industry code no. 21, 22, 24, 34 

and 36 (-10% for five periods), and is 0.08616 for no. 18-19, 

20, 26, 30, 31 and 33 (-35% for five periods). Other data are 

the same as in Table 1. 



Resul ts :  

(1) Among industries in Izumiotsu city, capital formation 

in machinery is increased and there are some aspects for in- 

creasing capitals in Fabricated Metal products as well as in 

Clay and Stone. Pulp and Paper and Iron and Steel 

industries are constantly decreased. In Tadaoka cho, capitals 

in Textile, Lumber and Fabricated Metal industries are con- 

stantly decreased. In Izumi:city, capitals in Fabricated Metal 

and Machinery are increased. Because the production functions 

include Hicks-neutral technological progress, the total amount 

of industrial shipment will increase about 17% in Izumiotsu, 

80% in Tadaoka and 45% in Izumi. 

(2) The results of water pollution control are shown in 

Table 4. As you see, the capacity of natural purification is 
rather large. Under the given conditions on the COD 

unit load (p=0.032), the waste water treatment rate for COD dis- 

charge is increased. However, required rates of treatment are 

less than 50% and the current capacity of sewage treatment plants 

will meet these requirements. Actually, water quality constraint 

constant W(t) has been changed in accordance with an adjustment 

parameter EPSI which is a reduction rate f ~ o m  the predicted 
r* value of COD discharge C w (t) H (t) in order to secure 

r.3 I j 
prescribed values of U2 In each planning period and the control 

parameter EPSI is set as follows: 

With revised (gradually reduced) values of U2(~)a simulation 

result: 

r 
is calculated and assigned as constraint constant W (t) for 

each subregion in the main programming unit. (Subscript r shows 

each subregion). A similar procedure is followed in other al- 

ternatives. 



Table 4 . Results of water pollution control (Alternative I). 

reduction rate 
via natural via control 

Period u~ u2 X~ 5 purification policy 
(BOD (COD) (COD) 

365 
1 x2 (.r)Q(.r) zwr (t) 

.r=l r w (t) 

365 r* 1 C U . H  (t) 
J j ~ ( 0 )  u2 (T)Q(T) 

. .  , .r=l 

Note : 

(3) Total labor force consistent with this plan will de- 

crease about 16% in Izumiotsu, 1% in Tadaoka, and increase about 

18% in Izumi. Thus, a labor force transfer from the coastal 

area to the inland area is predicted. 



(4) The evaluation for this policy is shown in Table 5 .  

Policy constraints on K(t) show much more difficulty in terms 

of the local objective functions than on W(t). Degrees of 

difficulty for the capital reallocation policy which is com- 

bined with a land-use policy are lowest in Izumiotsu at t=1,2, 

and in Tadaoka at t=3,4,5. This means that the guided capital 

reformation policy must be rearranged or some complementary 

means for performing it are required. 

The difficulty of the land-use policy is at its worst in 

Izumi after t=2. This is a matter of course as, in Izumi, a 

growth policy for capital formation has been introduced. The 

capital growth policy has some effect on labor availability in 

Izumi; namely, although the difficulty in labor availability 

is fairly moderate until t=4, it is at its worst at t=5. 

(5) Multiattribute utility functions and their numerical 

values at t=1,3 and 5 are evaluated in deterministic terms. 

Tadaoka : UTA ( u ~ ~ u ~ ~ u ~ ~ U ~  ) = 0 . 8 9 5  



TABLE 5. POLICY EVALUATION (ALTERNATIVE I) 

IZUMI OTSU 

1 
TADAOKA 

IZUMI 



Izumi: UIZ (uw,uK,uD,uL) = 0.737 

1 
= -[(1+0.75K u ) (1+0.225K uK) 

'IZ K w 

(1+0.2625K uD) (1+0.18753 uL)-11 

K = -0.7461 

Region: UR(UIO,UTA,UIZ) = 0.908 

Izumiotsu: (u ,uK,uD,uL) = 0.830 
ulo w 

Tadaoka : UTA(uw,uK,uD,uL) = 0.901 

1 - -[(1+0.92K u ) (1+0.276K uK) 'TA - K 



Region: UR(UIotUTAtUI~) = 0.851 

1 UR = a [  (1+0.2975K UIO) ( l r0.2125~ UTA) (1+0.85K UIZ)-1] 

K = -0.7929 

Tadaoka : (u ,u ,u ,uL) = 0.939 'TA w K D 



Izumi: 

Region : 

Therefore, during the planning period, utility values are highest 

in Tadaoka and lowest in Izumi. This is mainly due to the fact 

that degrees of satisfaction for land constraints are highest in 

Tadaoka and lowest in lzumil/. Generally, utility values of each 

subregion are increasing, corresponding to the increase of scaling 

constants for uw, and to the decrease of scaling constants for 

UK, uD, and uL. 

1/ In the case where activeness of land constraints is neglected, 
the degree of satisfaction for the same policy is highest in 
Izumi and lowest in Izumiotsu (Seo and Sakawa 1980). 



Alternative 11. 

In the second alternative plan, the.industria1 allocation 

policy between coastal and inland areas nearly follows current 

trends. Thus, in the coastal area (Izumiotsu and Tadaoka), the 

total capital formation increases about 22% . . and 28%. In the 

inland area (Izumi), the capital formation increases about 17%. 

However, more radical land-use and water quality management 

policies are pursued. Namely, reduction rate $ of the land co- 

efficients is revised to 0.08618 for industry code no.24, 30 and 

31 (i.e. -35% for five periods), to 0.1386 for no.18,19,20,26 

and 30 (i.e. -50% for five periods), and to 0.022 for no.21,22, 

34 and 36 (i.e. -10% for five periods). Reduction rate p for 

the COD unit load is increased to 0.05754 for all the industries 

(-25% for five periods). 

Thus,, industrial land areas are reduced about 29% in 

Izumiotsu, 20% in Tadaoka and 38% in Izumi. The total volume 

of COD, which will be discharged into Osaka Bay, is reduced 

about 30%. 

Results.: 

(1) Among industries in Izumiotsu, Alternative I1 allows 

an increase of capital formation in the Clay and Stone industry. 

The increase in Fabricated Metal is much more than Alternative I. 

The increase in Chemicals as well as the decrease in Iron and 

Steel is less than Alternative I. In Tadaoka, the capital 

formation in Lumber and Fabricated Metal industries increases. 

In Izumi, on the contrary to Alternative I, an increase in 

Chemicals is permitted. However, decreases in Textile and 

Apparel industries aremore than Alternative I. The total amount 

of industrial shipment will increase about 45% in Izumiotsu, 

133% in Tadaoka, and 15% in Izumi, until the end of the planning 

period. 

(2) The results of water pollution control are shown in 

Table 6. The capacity of natu=.al purification for Alternative I1 

is as effective as Alternative I. As a result of an overall 

capital growth policy, reduction rates for COD discharge are 

slightly increased to 54%. 



Table 6. Results of water pollution control (Alternative 11) 

Period 

Reduction rates 

via natural via control 
purification policy 

(BOD (COD) (COD) 
365 

(3) Total labor force for Alternative I1 increases about 

23% in Izumiotsu and 9% in Tadaoka and decreases 30% in Izumi. 

Thus, a labor force transfer from the inland area to the coastal 

area will still continue. Moreover, capital intensive techno- 

logical changes in Izumi will be especially induced. 

(4) The utility evaluations for this policy is shown in 

Table 7. Degrees of satisfaction for the regional planning are 

generally lowest for land resource constraints, differing from 

Alternative I. This is natural from the viewpoint of the 

radical reduction policy for land coefficients. In particular, 

the land resource policy has most difficulty in Tadaoka. This 

phenomena is combined with the highest rate of capital formation 

in Tadaoka. 

(5) Multiattribute utility functions and their numerical 

values at t=1,3 and 5 are evaluated in deterministic terms. 

For the evaluation, trade-off ratiosor scaling constants for 

the component utility fuctions are the same as for AlternativeI. 

Thus, forms and parameters of the multiattribute utility functions 

are the same as those in Alternative I. 
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Izumiotsu: 

Tadaoka : 

Izumi: 

Region: 

Izumiotsu: 

Tadaoka : 

I zumi : 

Region: 

Izumiotsu: UIO(~WtUK,UDtUL) = 0.882 

Tadaoka : UTA(~wtUKtUD,UL) = 0 .939  

Izumi: UIZ(~,tUK,UD,UL) = 0 . 7 7 1  

Region : u ~ ( " ~ ~ r u ~ ~ , u ~ ~  ) = 0.915 

General characteristics of utility values are almost similar to 

Alternative I. However, the degrees of satsifaction for Izumiotsu 

in Alternative I1 are higher than in Alternative I, and those for 
Izumi are lower. This is mainly due to the difference of the 



degree of satsifaction for the capital formation policies which 

has been described above. (See Tables 5 and 7 ) . 

Alternative 111. 

In the third alternative plan, an overall capital growth 

policy is followed.. It is worth noting that the growth rate 

increases to 29% in Izumi. Connected with this policy, industrial 

land area increases 6% in Izumi. Details of this plan are shown 

in Table 8 and compared with other alternatives. On the other 

hand, reduction rates of land coefficients are mitigated; namely 

the reduction rate $ is 0.0220 for the industry code no.21,22, 

34 and 36 (i.e. -10% for five periods) and 0.0446 for no.18-19, 

20,24,26,30,31 and 33 (i.e. -202 for five periods). Reduction 

rate p for the COD unit load is the s m e  as Alternative 11. 

Table 8. Alternative policies for the integrated regional 
management (ratios of constraint constants for t=5 
to those for t=O) 

Alternative I Alternative I1 Alternative I11 

I0 = Izumiotsu TA = Tadaoka IZ = Izumi 

Thus, industrial lands will increase about 2% in Tadaoka and 6% 

in Izumi, but decrease about 32% in Izumiotsu. The total volume 

of COD which will be discharged into Osaka Bay is reduced about 

31%. 

Results:  

(1) Among industries in ~zumiotsu, capital formation in 

Iron and Steel, as well as Fabricated Metal industries, is de- 

creased as much as in Alternative I. The increase in Chemicals 



is also the same as in Alternative I and the decrease in Textile 

industry is as in Alternative 11. The capital formation in 

Machinery increases less than in Alternative I and 11. In 

Apparel, Pulp and Paperfand Clay and Stone industries, capital 

formation constantly decreases. In Tadaoka, predicted results 

are almost the same as in Alternative 11. In Izumi, the decrease 

in Pulp and Paper, and Chemicals, is the same as in Alternative I, 

and the decrease in Apparel, and Fabricated Metal is the same as 

in Alternative 11. However, in Izumi, an increase in Textile is 

permitted. The total amount of industrial shipment increases 

about 1 6 %  in Izumiotsu, 1 4 2 %  in Tadaoka and 58% in Izumi. 

(2) The results of water pollution control are shown in 

Table 9 .  An overall capital growth policy which is the most 

generous among the three alternatives has an effect on reduction 

policy for COD discharge. Thus reduction rates of COD discharge 

to Osaka Bay amount to 5 6 %  at the final stage of the planning 

period. 

Table 9. Results of water pollution control (~lternative 111). 

Reduction rates 

via natural via control 
purification policy 

(BOD) (COD) (COD) 
365  



(3) Total labor force for Alternative I11 increases about 

9% in Tadaoka, 5% in Izumi and decreases about 22% in Izumiotsu. 

This means that, in Izumiotsu, the capital intensive technological 

change in particular will be greatly induced. 

(4) The utility evaluation for Alternative I11 is depicted 

in Table 30. Degrees of satisfaction for this plan are the 

lowest for capital formation policy in Tadaoka and for land re- 

source in Izumi. Difficulty in labour availability is at its 

worst in Izumi and this is combined with the highest rate of 

capital growth. This situation is almost the same for land 

resource policy. 

(5) First, multiattribute utility functions with the same 

scaling constants as other alternatives and their numerical 

values are evaluated in the deterministic terms at t=1,3 and 5. 

Izumiotsu: 

Tadaoka : 

Izumi: UIZ ( u ~ , u ~ , u ~ , u ~ )  = 0.743 

Region : U =0.884 U ~ ( U ~ o ~ U ~ ~ *  IZ 

Izumiotsu: U I O ( ~ w , ~ K , ~ D , ~ L )  = 0.839 

Tadaoka: (u ,u ,uD,uL) = 0.912 'TA w K 

I zumi : UIz (uWtuK,uD,uL) = 0.766 

Region: U =0.847 U ~ ( U ~ ~ ~ U ~ ~ ,  IZ 
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I Z U ~ ~ O ~ S U :  U I O ( ~ w t ~ K t ~ D t ~ L )  = 0.902 

Tadaoka: 

Izumi: UIZ (uwtuK,~,uL)  = 0-778 

Region: UR(UIOfUTAfUIZ) = 0.925 

Compared to the other alternative plans, Alternative I11 is 

generally most acceptable. Namely, the degree of satisfaction of 

Alternative 111 for each sub-region is the best, or very close to 

the best among alternative plans, especially at the end of the 

planning period. For many cases in the other planning period, 

Alternative I11 is preferable, or almost preferable, to the other 

alternatives. The degrees of satisfaction for the overall region 

increase during the whole of the planning period. 

Alternative I is least preferable for Izumiotsu and 

Alternative 11 is least preferable for ~zumi.(Table 11). 

Table 1 1 .  Ranking for degree of satisfaction of each 
alternative I ,AII,AIII) among sub-regions) . 

Izumiotsu Tadaoka Izumi Region 

t A1 AII AIII AI AII AIII AI AII AIII AI AII AIII 

Note: * means almost the same as other alternatives for each 
sub-region. 

(6) Now we will introduce probabilistic elements to the 

utility evaluation, namely the component utility values for 

Alternative I11 are treated as uncertainty quantities. Thus, 



judgemental probability distribution for the prescribed values 

of the component utility functions are assessed at t=1,3 and 5. 

It is assumed that uncertainty is the largest in the beginning 

of the planning period and decreases up to the end of the period. 

Assessment of the judgemental probability distribution functions 

is performed in terms of cumulative functionsfand their evalu- 

ations are effectively executed with CDISPRI computer program 

of MANECON collection (Schlaifer 1971). Characteristics of the 

probability distribution functions are listed in Appendix C and D. 

Using these probability distribution functions, theexpected 

values of the component utility functions are calculated. 

Numerical values of multiattribute utility functions (MUF) based 

on the same scaling constants as the previous ones are also de- 

rived. The calculations can be more effectively executed with 

ICOPSS/I which is a new integrated computer package for subjec- 

tive systems. Numerical results are listed in Table 12. 

Compared with the deterministic cases, dispersement of the 

utility values for resource constraints is reduced. Consequently, 

MUF values for each sub-region are generally decreased. This 

is due to large weights on the water quality constraints which 

have high utility values but, in a probabilistic case, whose 

numerical values are reduced. In many cases, the utility values 

for land resource constraints increase and those for capital 

formation decrease. This is because uncertainty of capital for- 

mation is supposed to be largerthanthat of land constraints. 

6. CONCLUDING REMARKS 

Decision processes usually face uncertain or. fuzzy elements. 

In this paper, the uncertaintry which is included in the industrial 

land-use program combined with water quality management has been 

treated in terms of probability distribution of the utility values 

for environmental constraint constants. 

The nested Lagrangian multiplier method, which has been 

developed by the authors since 1977, is applied for evaluating the 

land-use prgram with some revision. Systems configuration has 

been constructed in two layers: operational and judgemental. In 

the first layer, a simulation unit is combined with a programming 



Table 1 2 .  

cC;RMAND : ---- 
COMMANC) : - * 
INPUT ALT NAME: - = EVAL - - ---- - - oz-0 1 <-\I-j-q - INPUT ALT NAVE: 
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unit. A closed loop via input-output relationship is composed 

with intervention inputs of adjustment parameters from the 

decision maker in the second layer. With the intervention in- 

puts, the programming unit can revise the data for water 

quality management based on simulation output from ecological 

modeling. Thus, learning and adaption processes are embedded 

in the decision making processes in the first layer. For 

further research, more prompt adaptation processes such as 

real-time control can be included in water quality management. 

In the second layer, expected values of the multiattribute 

utility function can also be constructed. For this purpose, 

the way to assess probability functions must be further developed. 

The nested Lagrangian multiplier method is one device for 

multiobjective systems evaluation. With this device, satisfaction 

degrees for prescribed policy plans are numerically compared 

among periods and alternatives as well as sub-regions and also 

the spots which have major troubles or difficulty are sought 

through all the systems. The information is utilized as a 

reference for better understanding of aprescribed policy and 

for installing some complementary or alternative means for im- 

proving the current situation. 
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APPENDIX C. Characteristics of the probability distributions 
for component utility values 
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; . .-. 

Tadaoka: uk I 



Tadaoka: uL 

VALUES i::F Uii! I N  ASCENCING (:)RDER 
-- . . - .  

CUMULATIVE FROBABILITIES I N  ASCENDING ORDER - - ,n '76 C. -7q ? 
.. - -.- -. - . - 

(jPTION? 

* F A N  -- - - - - - . . . . . - - - - . -- . . -. . . . . . . - . - - 

STO DEV = 0.143 
V-CF - - - -- - . - - -. -- .- .- - . 
FRACTILES 

np q nl .-, 4 71=, 3 90 .+ .-, .- - - ., 
* 

fi .> 517 15n  r=pn 7T -9.in:--~ = - .-. 

UQ VALUES JUST APnOVE ARE TO BE MULTIPLIED B Y  10E-4 
.. 

Tadaoka : % - - 
V A L U t S  UP Ub! IN AbLkNUlNb U K U t K  

- = 0 .001' .005 .025 1 - -- * 
- -- CUMULATIVE PROBABILITIES I N  ASCENDING ORDER - -- - - - - - - - - -. - - - - U . 2 5 .  ./3 1 

(jPTION? - - 
- - .-- . -- -- 

IYEAN - U . ~Jba 
STD DEV = 0.141 
VARIANCk - - U . 1 Y i J t  - U 1  

FRACTILES 
U1 1 . , .oo 9 . -3 . 3  . i 3  . Y .7i' . . 7's'  "7 

0 0 7271 : - A "  7 i i ;  

- -- 4 ? 0 50 250 1375 
Uc;! V A L U E S J U S T ~ - A R E T ~ ~ ~ E A U L ~  I E I E F  9 ' F T G F 4 - - - - - -  

-. -- . . -  

VA~UES- (OF UQ IiY=filfiUt(:i.E3ER - 
= 0 .A0  .75 .57 1 
rl lrv(( A T  T'.JE PR(SP.4P, T i  i TTFC T ~ ~ ~ F ~ . ! ~ ! ?  h ; ' : I ; m I = R  

= 0 .25 .5 .75 1 
- -- (:)pT TON? -- -. - -. - - - - - - -. - - . - - . . - - - .- - - . -. . . - . - . . - - . . - . . . . -. 

= 1 
. - -- --. -- - -- . . . ... - - . . - . - - - - - .- . .- - -- . - . -. - . - . -. . - 

MEAN - - 0.716 
, .. n -  i s7  

* 
V U N C C  = - 0 - . . , . F C C 1  . . .. .. .- . . - . - -. . 

FRACTILES 
nn i ni 1 -.-LL52 -94 .. 777 : -  

-- - 



Izumi: uk 

-- S T ~ ]  D F ~  = I - ; 
- - .- . - -- - -- - - - -- - -- - -- . - - - . . - 

VARIANCE = g 4 777- r l t c  01 
A f T I L E C  

........ .. - .... - .......... - 
.001 .O1 . ?  -25  - 2  . / 5  .9 .55' . '7. 7' Y cl - p - 

C] 
- .? '=? ? =!l 7 5.17 + L.-. * 'y,-!q 3 ; &.L 

* 
UQ VAI IJFS IUST A?:O,JF ARTL?SE_.:Y.UI T I P E E D  Ft:f-.LZL-<. 

Izumi: uL 

VALUES OF UQ I N  ASCENDING ORDER 
- - n3 .rib, =. .I 1 . .- .... -- . _ -- . . . .  -- 
CUMULATIVE PRC!E2ABIL1TIES I N  ASCENDING i:i??C!Ei: 

- - 1'T"T'  ............................ M E &  - - 
STD DEV = 0.156 

F Q G T T i  F C  A . _ .  ... -- ~- - - . CC 1 -01 .I ,25 .5 -75  .3 y .7. . ;:zq 

1 .-> - - -. 
2-70 317C 65l;L l . 5 0 . k 2 Z Z . .  . -.i ... -2 -5.- . - .- 

U(2 VALLIES JCST AB(:)VE ARE T(:! e,E MUi-TI?!,IED Z'.j 1ZE-4 

Izumi: uD 

. - 
___._~_P._-.- -- - . . . .  .- ...... .. . - .  ... 

'JALLIES I>F UI;! I N  ASCENDING (2RDER 



t=3: Izumiotsu: uw 

STD DFV = n. IA . .  .-, - - - . - -. - - 
. V A R I A N C E  = 0.263E-01 

C R & T I I  FS 
- . - - 

.OD¶ . O 1  .1 .25 .5 .75 .9 .4'9 .33? 

Izumiotsu: \ 

VAI 'JFS (IF UB I N  A S C F W )  INt ORDER - 
= 0 . 0 0 9  .003 .01 1 
CUMUI A T I V F  P R O R A R I I  I T I F S  I N  ASCFN-~)FR 
= 0 .25 .5 .75 1 
!SPTTr)N7 
* 

-- 

S T D  DEV = 0.139 
U A W C F  - - R.193F - 
F R A C T I L E S  

~ , n  1 1 
'5 . 5~.9.P9L49? 

0 0 4 10 30 100 1177 7213 9113 
. . UQ V A l l L E S w A R U ( B B U U 1  T 1 P U E L ) _ B U ~ C I E Z ~ ~  - - 

VAI UFS C)F Y(> U S m & m E . %  -- -- -- - - - - - - . - - - - -- - 

= 0 .DO5 .ill .G5 1 
-r CCLUF?WLATIVEPROeAMUTES.IN-&CEIYC)IPJG-i:!RDcri -- - - 

= G .25 .5 .75 I 
OPT T tSN 7 

= 1 
- - - - - - - - - - - - - - - - -. - - -. - - - - - - - . -. . - - - - - . - . - - - - . . - . - . - -. -. -- .. -. -. -. . 

PlEAN - - 0.065 
T 3 L C :  . -  Q, 14.4 . . - _ -- - . . --- _- .. .. - . _. -- . . - . ._ . . .- . . . . . 

V A R I A N C E  = 0. .ZCaE-G? 

.-, .> - -. 
0.- L 50 1.00 5GO..- -1 h?.I-.--. i . 3 2 ~  . -9 ? 651. -- 

U!3 V A L U E S  JUST  ABOVE ARE TO S E  M U L T I F L I E D  B Y  1 O E - 4  



I fFAN - - n i-4 ....... ............................. Y .  ' ' 1  

STD DEV = 8.138 
V A R X  -- ....... ... ANCF = n. 191F-il1 
FRACTILES ! 

cn I 1 ,> q C 7 .?  - -- 
n 1 .. , . <4$ 

0 1 12 5C 5G 153 1153 7206 S l i h  
l J Q  WE JUST BE8'.ERE T O H M L ' U r i - l L I E > - B \ i . - l . G k 4  

Tadaoka: uw 

- ...... ........................... 

VALUES ~:IF U(i! I N  ASCENC'ING ORDER 
= !2 -7'5 . A 7  - 93  ? 

CUMULATIVE PR(:)BABILITIES I N  ASCENDING (IRDER 
- - 
(IPTI(:)N'? 

Y F A N  - - 
STU UEV = 0.170 

-- V A R I A N C F U 0 - A . E  ......... ........ 
.> - 4 1  . .  

FRACTILES 
--- - - 

.. ...... L - L - 3  - .  A 75, -9 , ?4'-. - , T:4? 
607 1920 6071 . 7500 9720 93Cf) 9677 3325 ?975 

lJc> !/A1 !!cc: .i (!ST AEi-)VF A R F  T(3 P.F Ml Jl T T PI T '7r) D,'' ? pF-L+ 

Tadaoka: Uk 



Tadaoka: uL 
-- -- - . - -- . - -- - 

VALUES CrF U Q  I N  ASCENDING ORDE3 

MEAN - 
- - - - - -- - 0.06s 

-. - - - - -. -- - - - - - - -. 

STD DEV = 0.143 
V-NCIF - - 
F R A C T I L E S  

- - . Q D L , - ! L  .1 .-, .75 .9 . -5.5 --.99-. .573 - 

0 
- - 20 50 100 450 1 7351 3162 

U(3 V A L U E S  J U S T  ABC)VE ARE TO B E  M U L T I P L I E D  B Y  1GE-4  

Tadaoka: uD 

VAl UFS OF UG IN A S C F M U L 7 R U E R  - - - - - - - - - - - - - - -. . 

= 0 .DO1  .005 .02 1 
I V F  PRt7RARLI ITIFS I N  ASCFNCING (3RCL5!- - - . - -. - 

= 0 .25 .5 .75 1 

- -  -- 
MEAN - - 0.051 

STD = n. 14I7 --- 
V A R I A N C E  = 0.196E-01 

iC 

nni - o i  .:, 4 - - 99 - 
0 0 4 10 50 200 1393 7250 9130 

. . UQ VAI r!FS I l l JST j,P.(:)VF ARF TC) RF Mill T I _ P U E D  2,y IT;=-4 

. - 
VAI !JFS iSF !!la T N A W N R  T NG C!RDFR 
= 0 .65 .82 .30 1 
CUMIJI A T  TVF P R ( 7 P n A P , U T  T cc I N  AS(IE!\UfL?IG-C,Q?~ .. -_  .- 

= 0 .25 .5  .75 i 

MEAN - - 0.755 
-- ~ I T ,  L, r , ) E L 1 =  --- 

! J A ~ I A ~ C E  = t3 .37BE-0  i 
T I  CZ 

-- - - - 2 R A C L - S  . - -. - - -- . - - - - - -- -. - - . - . - - -. .- - . - .- - - - . . . . .- - - - . . . 
-2'5 - F - -. .p - - __- .so1 .a1  . 1  . 5  . . >  . I  . , , 75'1 

5 .T 5 $81 1 8 479, jcjnn ,qyon 9nprj 9 , .  =, 17 9a/,  9 -. , - c:qn 
+ -- I 

-- - - - - - - - - !J!J~ . . ' ~ ~ A ~ L ' ~ - ~ ~ S ~ ~ E ; > & E _  $jRE-T(-) G:F , ~ ~ L T I _ A ~ ~ E > _  sL ;L,,.~ . .. . .. .... 



Izumi: uk 

'JALUES OF bQ I N  ASCENC!ING I:;~DEE - - - -. - 0 . ca~ca~-~ . . c . i s~_~- -  .......... 

CL'MULATIVE PSi:!EAP;LITIES I N  ASCEVC! iNG ;:,SE.E< 

'..JWJ ('-, ,c = 
F R A C T I L E S  

-. - - - -. _ 
VALUES OF UQ I N  ASCENDING ORDER 
- a  rLcr , 

.- - -- ' 4 . - - . . - - - . -. -. -- - . - - - . - - 

C'JMULATIVE PRC)BAP,ILlTIES I N  ASCENDING (3RDF2 
5 -75  1 -- -. 

- .-I - - -. - - - - -- - -. - - - - - - - - - 
UPTI( lN7 
- - 

-- - - - -__IYEAN_ - - n - n t ~ -  - _ -  

STD DEV = 0.140 
__ - V A  N C A l 9 5 - L C ]  l_..------ - -- - -  - - -- 

F R A C T I L E S  
nn i r)? I '7 q 'i . 75 7 4'; "99 

0 4 40 100 200 400 1505 7 - ,  . 4151 
.... . -. (I(;! VAL U E S  JUST APJfVF A B E Z ~ 2 - . B E M U L T l P L : E T ) - ~  LEE-4. 

Izumi: uD 

- -- - ~ - -  . - 

VALVES (IF U(1 I N  ASCENLIING ORDER 

IZQMGLATIVE Fsi::E,,42;L:4lES I N  ASCE?\IUING (>WE? 
- - .-.c e -rc; c . . .  L ............................. 

(:)PTII:!N? 

s i c  4 t.1 - - QL:' 

~ T D  c:EV = 5 .  *". L ,a 
% I , ?  r . . . . .  . -  - Y&P.LA!XCL-=-. 0 A 9  E r n  1 ......... . - ~. -. - --.- ... . 

-m F R A C T I L L ~  
00 1 

- .- -= -7 -. ? - ,- .- 
- .  . n : .  2 --.--&A- -_..a 7 L:T _ _ - _  . - i - - 7  - - -  .. 

0 4 .-. - 0 A i 3 5 1362 - ! :73  410b 
! ((2 \,A1 , ;F" , - 7 :  -I- * !  . , ! - - I - r , ' .?---, 



t=5: Izumiotsu: + 

RtAIV - - U . 6 4 4  
* 

- S T D a v  - - -- .. U. 197 
V A R I A N C E  = 0.217E-01 
t K A C T T C ~ ~  

.DO1 .01 . I  25 .5 .75 .9 .79 .999 
ALL L L' 2 5 ~ 4  4 V 6 /  

- UQ V A L U E S  J U S T  ABOVE A R E  T O  BE M U L T I P L I E D  e,Y iOE-4 
- -- - - - - - - . -. -- - . - 

Izumiotsu: '=k 
-- - - - -- - -- - - - - - - - -- - - --- 

V A L U E S  OF U Q  I N  ASCENDING ORDER- 
= 0 .001 .DO3 .O1 1 

- ~ E T R u E A E K I T E E s " I N A S € N D I N G - B R  DEH--- 
- - - - - - - - -- . . - - 

... ....... -. - -- 
IIEAN - u.lJ4/ 
S T D  D E V  = 0.139 
V A K I A N C k  - - O.19At - U 1  

- F R A C T I L E S  
<--- 

. G O ~  .o i  .I . LS 5 13 .44  .rw--- 
0 0 4 1i3 30 100 1177 7210 9118 

~ ( 2  V A L U ~ S  JCJS I A B U V E - K T O ' - K M C ~ ~ I ~ E E - - ~ ' - - - - - -  

Izumiotsu: uL 

- 

V A L U E S  O F  ~ ( i  ;CN A S C E N D I N G  (SROER 

.- S T U  DEV = 0.199 . . -  ......... . 

VARTSNCE = O. S ? ~ E - G  2 



VALUES OF UQ I N  ASCENDING ORDER 
= 0 . O 1  .02 .07 1 

. .  ....... . . . . . . . .  . . . . .  . . . . . . . .  
CUMULATIVE P R 0 9 A 2 I L I T I E S  I N  ASCENDING C!RCE3 

- -. -. - - . - = 0 .25- .5---. 75 1 
OPT1 ON? 

. . .  . . . .  - - - . -. - - - .. -- -. .. - . - - - - - - - - . . - . . - - - - -. . - - - . - .- - - . . - . - - . . - 

* 
- . - - ........ . . 

STD OEV = 0.145 
VARIANCE = 

- - - - - - - -- - 0.211E-01 
.................................... 

FRAC'ifiLES 
.OO 1 . O 1  .1  -25 .5 .75 . 7  .$.@ .59? n 

0 4 4 Y Z U  r'4-5. ,-' , :-'? , A  

. - 
U Q  VALUES JUST ABOVE ARE TO BE MULTIPLIED E Y  ICE-4 

- - - -  -- . . . . . . . . . .  -.-. . . . .  

Tadaoka: uw 
- - - - - - - - - - -- - - - - - 

VALUES OF UQ I N  ASCENDING ORGER 
. 

- - -- -- - - - - - - -- = [7.7 -m.90 -.95--1. -- -- -- . - - . - 

CUMULATIVE PROBABILI l  I E S  I N  ASCENCING .:)RT!ER - - 5 13 
.*A . . I  

* 
. . . . . . . .  . . . .  -- - . - .- - -- . - - - - -- - -. - ---.... -- -. - - . . . . . . . .  

= 1 
OPT I ON 7 

. -. - - - -. .. . . . . . . . .  - i----.-.---...----------..-..- - .  - .- 
.- - 

i lEAN - - 
STD DEV = 

.- . - . - . -. - - .- "mNcE.- -. - ,  ..................-...... . .- ................. . 

- .  . b 
- 

FRACTILES 
. - - - - -- - - - - - - -- -..-T - --. ----. -- -.T -- . - ..-. 

a A .A . I . . 
F- - --- - - 

- 7 7  997-  - -  - ~ 

-ma- - 538 1861 5874 7500 ?COO 9500 9800 2 7 ~ i . 3  

Tadaoka: uk 

- 
'JALUES OF UG! I N  ASCENDING CiRC:E9 
= O .00035 .00C12 .OCG2 1 

... - - -  c ~ l ~ ~ ~ ~ - ~  li i~-pfj~i'?,q2-7 illi. - v ,=. , I lES- ;rSCE;..j?Ip;G 
' - 

= .a -25 - 5  -75 1 
.-.. ... . . -- ........ -- - . .  .......... .. . - . . . .  - .. - . . . . .  - - !:;FT 1 f::?].? 

-- . ---- ..................... ...~ - - . . .  - - -  . . -  . . . . .  
MEAN - - 12.942 



Tadaoka: uL 
. -. . - -. . . .  

A- .- - - - -- - - - -- - - - - - 
. . 

....... . . . ..... ...-... . . . . . . . - .  -. . . . . . . . .  . . .... . .  - - - - - 
VALUES OF UQ I N  ASCENDING ( : ) .R~~ER 
= 0 .005 .O1 .05 1 
CUMULATIVE PROBABILITIES I N  ASCENOING ORDER 
= 0 .25 .5 .75 1 

...............-..... ...... -- 
OPTION? 

- .- - = 1 
..... -- .... .- - . - -- .. - . . . . . . . . . . .  - . - - - . .  - ...-.......... - . . .  -. ... 

MEAN - - 0.065 
STD DEV = 0 . 1 4 4  
* -. - -- -- - -- 
V A R ~ E  = 0.206E-0 1 

w 

FRACTILES 
1 

- - r - - 7 9  --7 
UU 1 . u-1 -23 97-- ;3r 

0 .- 
2 20 50 100 500 1691 7373 9169 

UQ VALUES JUST ABOVt A k t  10 Et MULIIFLltD EY 1 U t - 4  
- . 

Tadaoka: uD 
. . . . . .  ........ . . . . . . .  ... . .  . . . . . . -  -. . - -.. -, 

-- - VALUES OF UB I N  -- ASCENDING ORDER - -. . . -. ---- 
= 0 .003 .009 .03 1 

-- W!VLACLYEPRO~_1_AelL1TLESLN LS_!!DI.N-'-~~?RV.!?R .. -- . 

= 0 .25 .5 .75 1 
(IPTION? 
= 1 

MEAN - - 0.056 - -- - - - - -. - -. -- -- - - - .. -- - - - - -- . - . - -- - - 
STD DEV = 0.141 
VARIANCE = 0.197E-0 1 
FRACTILES 

- 

. - . - . - - UQ VALUES . JUST ABOVE ... ARE TO BE MULTIPLIED ................................... BY 1GE-4 -- ................ 

. . . . .  - - - - - -. . -- -. - - - - . .  . . . . . . . . .  . - . . . .  .... .- .- ... .- ... -. . .  - .. -. . . . . .  - - 
VALUES OF UQ I N  ASCENDING-ORDER 
- 83 . - - 31 -93 1 
CUMULATIVE PROBABILITIES I N  ASCENDING ORDER 

- 
. - -. .- - - -- 0.148 STD- -OEV- . - . . .  ... . - - . . .  _ 

VARIANCE = 0.219E-21 

70.2 ' 2.721 70.24 8209 $120 43r35 r ;  - i  
7 - + :  - 3223 4547 

UQ VALUES JUST AeoVE ASE TO 2,E MULTIPLIED 3'; l z t - 4  



Izumi : Uk 

- 

- - 5 .SO3 .GO5 .Oil6 1 
CUMULATIVE PROBABILITIES I N  AS2ENC)ING i:lRt)ER 
= 0 .25 .5 .75 1 
(:)PTION? 
= 1 

-- 
MEAN - - 0.046 
STD DEV = 0 .138  - - - -- 
VARIANCE = C].19OE-O 1 
FRACTILES . 25 . s  . 7 5  .oo 1 .O1 .I 3 Y 9  . YYY 

-- 1 4 15 30 50 6 0  1 1 1 4  714C ? ? I 1  
UQ VALUES JUST ABOVE ARE TO ~,EMULTIPLIED c'/TcE-T---- 

-- - .. . .- .- - . - . 
-- . - - - -- - -- - -. - . - - - - - - - . -- . . - . . - . . - - - - - - - - .. - . . - - - - . - .. - - . - .. . - . -- . - - - - -. . -. . 

VALUES OF UQ I N  ASCENDING ORDER 
= 0 ,005 .01 .02 1 
CUMULATIVE PROBABILITIES I N  ASCENULNG ORCER 

. . - . - - - - STD . - -. . - . DEV--= . . . 0.139 - -- -- - -. -- 

VARIANCE = 0.193E-0 1 
FRACTILES - - . . .- -. - - . -- - - - -. - . 275 -- - ; . . .  

.r 
. - . - - - . -. 

.001 .01 y7----777---- 

0 2 20 50 100 - t i i 8  200 1280 7'74.7 "I.-' 

. - - - -- .- - - -- - - - - . .- - .- .-. . - - -- - .- p A - ~ r J  -J :G s-7-*-gb-v-g- To- -- eWE- . .Hi> CvT-j-F TEL) p, ,,f. ; a - -& - 

Izumi: % 

V A ~ U E S  (:IF UQ I N  ASCENDING ORDER - ~ .- .- .--- . ~ -- 
= 0 nOOi7 -0035 moo55 1 
CUMULATLVE PROBABILITIES I N  ASCENDING ORDER 
= 0 - 2 5  .5 .75 1 

MEAN - - 0 . 0 4 5  
STD DEV = 0 .138  
'JARIANCE- =_ - - - . . - - - - . . 0.131E-01 

-. - - - . . . . - . .. . .. . . . . -. . . . . . . . - . . . . . . . . . . - - - . . .. . . . ~ 

FRACTILES 
.c01 . 0 1  .1 . -4 . 5  .75 .3 .?4 ,:, G ,739 

- - - -  - - - -  ... .. . .. - - - 
-? 1 - . ~ .- . . -. 

0 1 I I 35 55 ?I.!;+ "1" i A A L 
7 ; 3 3  .- 

UCj! VALUES JUST r?PuOVE ARE TO BE MULTIPLIED B Y  ICE-4 



. a)  densi ty funct ion f o r  
. . - - - - - - - - -  .- -=---: . . -u. - ( t=7. -. - -. . - -. - - 

W .. - -  - ...... - ......-......... 
U- . 

- - .. --- - . - ... - . 
r at- 

. .  - .. - - .-. .- . -*. - -. -. - - - --- -- -- -- - - . .  - . . . . .  - . 

.. -. . - . .- . . -  
VALUES ON UO A X 1 3  ARE TO BE MULTIPLlED SV :OE-2 

\ .  . : , . ,  I I . , , .  . - ............ - .......................... -- ............ - . . .  

:0. 

)+ (b) cumulative function for ................ -- ...... -s=mr - -rtf ,-- ......... 
L 30- . : U" 

- . . .... 
@----- ' . . .  . .  

ICE- t 



- - - - -  . . . . . .  . . . . .  .- - . - - --. - - . - -. - - - - - - .- - - - 
OPTION'  - - - -- 

0 - 4  

* 
13, (c) density function .for 

- . 3%- 
-+ 

- -  . . . -. (d )  cumulative function for 
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