
CONTINUING COMMENTS ON 
"THE UNCERTAINTY IN ACCIDENT 
CONSEQUENCES CALCULATED BY LARGE 
CODES DUE TO UNCERTAINTIES IN INPUT" 

O n e o f t he pr incipal po in t s o f o u r c o m m e n t s 1 o n t he 
p a p e r b y N g u y e n 2 was t h a t t h e m e t h o d of m o m e n t m a t c h -
ing t o a m e m b e r of a prescr ibed fami ly of d i s t r ibu t ions is 
po t en t i a l l y unrel iable. Ne i the r t h e a u t h o r ' s r ep ly 3 n o r t he 
f u r t h e r c o m m e n t s b y Baker 4 addressed this issue. 

As we po in t ed o u t , 1 a p robab i l i ty d i s t r ibu t ion need 
n o t be d e t e r m i n e d even b y its en t i re in f in i t e sequence of 
m o m e n t s . Figure 4 of Ref . 1 shows t w o very d i f f e r e n t 
d i s t r ibu t ions w i t h a c o m m o n set of m o m e n t s . T h e m a t c h i n g 
of d i s t r ibu t ions based o n only t h e f i rs t four m o m e n t s is, 
a fortiori, suspec t , and m a y i n t r o d u c e large errors . T h e size 
of such er rors m a y be es t imated based o n f o r m u l a s given 
in Ref . 5. 

Cons ider , f o r example , a d i s t r ibu t ion whose first f o u r 
m o m e n t s are those of t h e s t andard n o r m a l d i s t r ibu t ion , i.e., 
M1=M3 = 0,M2

=l,MA = 3. Sharp u p p e r and lower b o u n d s 
o n t h e cumula t ive d i s t r ibu t ion f u n c t i o n are as fo l lows 5 : 

FuM = 
x 4 + 3 ' 

i f x < - l 

[1 + x ( x 4 - 3 x 2 + 3 ) 1 / 2 ] ( l - x 2 ) 

" x 4 + 3 2 (x 4 - 3 x 2 + 3 ) 1 / 2 [ ( x 4 - 3 x 2 + 3 ) 1 / 2 - x 3 ] ' 

i f - 1 < x < 1 

= 1 , i f x > 1 

Fl(X) = o , i f X < - 1 
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x 4 + 1 
x 4 + 3 
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These b o u n d i n g curves are s h o w n in Fig. 1. It fo l lows tha t 
t h e 9 7 . 5 t h percent i le of t h e d i s t r ibu t ion m a y be any n u m -
b e r be tween 0 .43 and 2 .96 . Thus , t h e i n d e t e r m i n a c y in the 
9 7 . 5 t h percent i le , wh ich is t h e u p p e r b o u n d of a 95% 
c o n f i d e n c e interval , is of t h e same o rde r of magn i tude as 
t h e length of t h a t interval f o r a s tandard no rma l variable. 
In o t h e r words , m a t c h i n g of d i s t r ibu t ions based o n the first 
f o u r m o m e n t s m a y i n t r o d u c e uncon t ro l l ab l e errors of the 
same o rde r of m a g n i t u d e as ca lcula ted quan t i t i e s of interest . 

We previously r e c o m m e n d e d 1 t he use of t he Monte 
Car lo m e t h o d in this t y p e of w o r k . I t s crucial advantage 
over t he m o m e n t m a t c h i n g m e t h o d lies in t h e feasibil i ty of 
e r ro r e s t ima t ion . T h e t r u e d i s t r ibu t ion and t h e d is t r ibu t ion 
o b t a i n e d b y M o n t e Carlo s imula t ion d i f f e r on ly because of 
sampl ing er ror , t h e size of wh ich can be readi ly es t imated 
b y s t andard m e t h o d s . 
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Fig. 1. Sharp upper and lower bounds for a cumulative distribution function with moments Mi = M3 = 0,M2 = 1,MA = 3. 
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REPLY TO "CONTINUING COMMENTS O N 
'THE UNCERTAINTY IN ACCIDENT 
CONSEQUENCES CALCULATED BY LARGE 
CODES DUE TO UNCERTAINTIES IN INPUT' " 

Cox et al.1 have had the o p p o r t u n i t y t o m a k e the i r 
p o i n t t h a t t he M o n t e Car lo m e t h o d is preferable over t he 
m o m e n t m a t c h i n g m e t h o d f o r t he cons t ruc t i on of p roba-
bi l i ty d i s t r ibu t ion func t i ons . The i r con t inued use of m y 
pape r 2 t o press t h e issue indica tes t ha t t hey have missed the 
po in t in m y r ep ly 3 t o the i r earlier cr i t ique. 1 

T h e objec t ive of m y w o r k 2 was t o d e t e r m i n e the con-
f idence level in t he ca lcula t ion of fue l p in fai lure t ime 
using an acc iden t code . F o r this par t icu lar appl ica t ion , 
I was sat isf ied t ha t t he m o m e n t m a t c h i n g m e t h o d was 
accep tab le : t he shapes of t he d i s t r ibu t ions ob t a ined by 
th is m e t h o d 3 did n o t d i f f e r s ignif icant ly wi th those ob t a ined 
b y t h e M o n t e Car lo m e t h o d . 1 It was no t an objec t ive of 
m y w o r k 2 t o d e t e r m i n e the po ten t i a l e r ro r of the m o m e n t 
m a t c h i n g m e t h o d when appl ied to o t h e r specif ic cases. 
F u r t h e r m o r e , I have no t appl ied t he M o n t e Car lo m e t h o d 
t o t h e same p r o b l e m , and t h e r e f o r e c a n n o t evaluate t he 
relat ive accuracy of t h e t w o m e t h o d s for this p r o b l e m . 

Such an eva lua t ion does exist , however . 4 Re fe r ence 4 
c o m p a r e d t h e M o n t e Car lo m e t h o d and the m o m e n t m a t c h -
ing m e t h o d and conc luded tha t " t h e t w o m e t h o d s of 
u n c e r t a i n t y analysis p r o d u c e densi t ies wi th n o s ignif icant 
d i f f e r e n c e . " R e f e r e n c e 4 w e n t f u r t h e r to r e c o m m e n d the 
Response Sur face M e t h o d (which used the m o m e n t m a t c h -

ing t echn ique ) as t h e m o r e economica l m e t h o d of uncer -
t a i n t y analysis. 

I believe t h a t f ew w o u l d ques t i on t h e po t en t i a l accuracy 
wh ich the M o n t e Carlo m e t h o d could provide . Bu t even 
w i t h t o d a y ' s c o m p u t e r speed, this accuracy is be ing paid 
f o r at a high pr ice. In t h e u n c e r t a i n t y analysis of large 
c o m p u t e r codes , e c o n o m y has b e c o m e an overr iding con-
s idera t ion . F u r t h e r m o r e , one c a n n o t d e n y t h e fac t t h a t t h e 
m o m e n t m a t c h i n g m e t h o d can be and has been successful , 
as par t of an economica l too l fo r u n c e r t a i n t y analysis.4 

It appears t o me tha t the re is a t r a d e - o f f b e t w e n the t w o 
m e t h o d s , and it would be m o r e cons t ruc t ive to de f ine 
cri teria fo i itiis t r a d e - o f f t han a general ized c o n d e m n a t i o n 
of a par t icu lar m e t h o d based o n specif ic examples . Such 
t r a d e - o f f cri teria should a c c o u n t fo r n o t on ly accuracy , b u t 
also e c o n o m y and conven ience in c o n n e c t i o n w i t h t h e 
u n c e r t a i n t y analysis of large codes. 
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