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ABSTRACT 

T h i s paper p r e s e n t s an o u t l i n e on the d e s i g n 
o f an e x p e r t sys tem aimed a t h e l p i n g d e c i s i o n ma­
k e r s t o o p e r a t e f l o o d c o n t r o l dams and t o p l a n 
c i v i l de fense i n f l o o d p r o n e . 

The p r o b l e m i s f i r s t d e s c r i b e d and the need 
f o r a n e x p e r t sys tem i s j u s t i f i e d b y the comp lex i 
t y o f l and use i n the a rea as w e l l as the d i f i c u l 
t y t o use s i m u l a t i o n models on t ime f o r p r e d i c t i o n 
o f damages and f o r the a n a l y s i s o f the bes t c o n ­
t r o l d e c i s i o n s . The e x p e r t sys tem can s y n t h e s i z e 
the r e s u l t s o f p r e v i o u s a n a l y s i s w i t h t he models 
and the c r i t e r i a o f e x p e r t s and i t can be used on 
r e a l t i m e l i n k e d w i t h a n i n f o r m a t i o n sys tem i n c l u 
d i n g r a i n i n t e n s i t y d a t a and w a t e r l e v e l s a t c o n ­
t r o l p o i n t s . 

The c o n t e n t s o f the da ta base o f t he i n f o r ­
m a t i o n s y s t e m , and the g e n e r a l s p e c i f i c a t i o n o f 
t he d i f f e r e n t t ypes o f r u l e s a re p r e s e n t e d . 

F i n a l l y , t h e g e n e r a l methodo logy f o r the d e 
f i n i t i o n o f t he r u l e s based o n the a r t i f i c i a l e x 
p e r i e n c e c r e a t e d by a p rogram o f runs o f the d i -
f f e r e n t s models f o r r e p r e s e n t a t i o n o f h y d r a u l i c 
b e h a v i o r i s d i s c u s s e d . 

The p r o j e c t is now under s t u d y by t h e Spa­
n i s h M i n i s t r y o f P u b l i c Works . 

1 . I n t r o d u c t i o n 

One p r a c t i c a l a p p l i c a t i o n o f A r t i f i c i a l I n ­
t e l l i g e n c e t h a t has awakened t h e most i n t e r e s t 
o v e r t h e l a s t y e a r s i s t h a t o f e x p e r t s y s t e m s . 

The deve lopment o f t e c h n o l o g i e s f o r t h e sys_ 
t e m a t i c t r e a t m e n t o f i n e x a c t r e a s o n i n g ( S h o r t l i -
f f e ( 1 ) , Duda, H a r t and N i l s s o n (2) Sha fe r ( 3 ) , 
Lowrance (4) and Zadeh ( 5 ) , among o t h e r s ) as w e l l 
as t h e c o n s t r u c t i o n o f systems ( D e n d r a l ( 6 ) , My­
c i n ( 1 ) , P r o s p e c t o r (7 ) and R l ( 8 ) ) a p p l i e d t o 
the w o r l d , has c o n t r i b u t e d t o t h i s . However , o n 
d e v e l o p i n g a n a p p l i c a t i o n o n these l i n e s , a l t h ­
ough h a v i n g t o o l s a v a i l a b l e ( T e i r e s i a s ( 9 ) , Ops 
( 1 0 ) , Ros ie ( 1 1 ) , e t c . ) , t h e c r i t i c a l p rob lem i s 
t h e s h a p i n g o f knowledge on an i s s u e i n a s e t 
o f r u l e s i n such a way t h a t t h e answers t o the 
d i f f e r e n t q u e s t i o n s a r e c o h e r e n t enough and a d ­
j u s t e d t o t h e a c t u a l knowledge o f t h e p r o b l e m s . 

The p e r s o n a l e x p e r i e n c e o f the a u t h o r o f 
t h i s paper i n some s t i l l u n f i n i s h e d a t t e m p t s o f 

a p p l i c a t i o n (12) shows t h a t the d e s i g n o f t h i s 
se t o f r u l e s i s n o t a s i m p l e p rocess and does 
n o t n e c e s s a r i l y l e a d to s u c c e s s , no t so much be 
cause o f the inadequacy o f the concep t o f e x p e r t 
s y s t e m s , b u t because o f t he d i f f i c u l t y shown by 
the persons c o n s u l t e d , o f s h a p i n g t h e i r u n d e r s ­
t a n d i n g o f an a rea o f knowledge i n t o a s t r u c t u ­
red agg rega te o f c o n j e c t u r e s . 

I t i s t h e r e f o r e c o n s i d e r e d , t h a t t h e c o n s ­
t r u c t i o n o f e x p e r t susterns may be s i m p l e r i n 
a reas o f knowledge where i m p o r t a n t t h e o r e t i c a l 
s u p p o r t can b e coun ted o n , b y b u i l d i n g t he i n f e ­
rence r u l e s i n t e g r a t i n g e lemen ts o f the d i f f e ­
r e n t t h e o r e t i c a l s u p p o r t s o r as a s y n t h e s i s o f 
r e s u l t s o b t a i n e d t h r o u g h the a p p l i c a t i o n o f mo­
d e l s . 

The p r e s e n t paper d e s c r i b e s the c o n c e p t u a l 
f ramework on w h i c h t he d e s i g n o f an e x p e r t s y s ­
tem is based now under s t u d y a t the M i n i s t r y o f 
P u b l i c Works , w h i c h s u p p o r t s t he d e c i s i o n s d u ­
r i n g a r i s e o f w a t e r i n a f l o o d a b l e r e g i o n . 
A t t e n t i o n i s f ocused i n the d e f i n i t i o n o f r u l e s 
based on a s e t o f m a t h e m a t i c a l s i m u l a t i o n models 
o f the d i f f e r e n t a s p e c t s o f b e h a v i o r , a s a n e l e ­
ment o f p r e v i o u s s u p p o r t . 

2 . The Prob lem 

I n autumn o f 1982, i m p o r t a n t f l o o d s t o o k 
p l a c e i n the Span ish c o a s t a l M e d i t e r r a n e a n r e ­
g i o n s , p o i n t i n g u p the needs o f t e c h n i c a l i n s ­
t r u m e n t a t i o n d e s i g n e d t o y i e l d r e a l t ime a n s ­
wers t o a s e r i e s o f q u e s t i o n s w h i c h a r i s e d u ­
r i n g t h e e v e n t . I n e f f e c t , i n t h e M e d i t e r r a n e a n 
a r e a , t he i n t e n s i v e e x p l o t a t i o n o f l a n d b y t o u ­
r i s m a l o n g the coas t b r i n g s about t h e e x i s t e n c e 
o f s u b s t r u c t u r e s and b u i l d i n g s t h a t b l o c k d r a i ­
nage a s w e l l a s a g r i c u l t u r a l e x p l o t a t i o n s g i v i n g 
r i s e t o towns near t he r i v e r c o u r s e s . F u r t h e r m o ­
r e , the c l i m a t o l o g i c a l c o n d i t i o n s b r i n g l i t t l e 
p r e c i p i t a t i o n v e r y c o n c e n t r a t e d i n t ime w h i c h 
p roduces i m p o r t a n t f l o o d p e a k s . 

T h e r e f o r e , the c h a r a c t e r i s t i c s o f t h e p r o ­
b lem demand a r a p i d t a k i n g o f d e c i s i o n s , g i v e n 
the i m p o r t a n t c o n c e n t r a t i o n i n t i m e a n d , f u r t h e r -
mo re , t h e c o m p l e x i t y o f l a n d use and t h e s y s t e m 
o f h y d r a u l i c s u b s t r u c t u r e s , p r o v i d e d t h a t any d e -
c i s i o n may i n f l u e n c e the g e n e r a l b e h a v i o r o f t he 



J. Cuena 247 

system, which does away w i th improvisat ion since 
act ions which might appear acceptable l o c a l l y 
might be un acceptable ove ra l l due to the i n t e ra£ 
t i on of f a c t o r s . 

3. The System 

In accordance w i th the preceeding considera 
t i o n s , the construct ion is required of a system 
that gives support to the people responsible for 
con t ro l and c i v i l defense dur ing the f lood period 
in order help them to assess the s i t u a t i o n at any 
moment in the places of i n t e r e s t . 

Taking i n to account the s p a t i a l s t ruc tu re of 
the area under study, i t s present s i t u a t i o n and 
recent evo lu t i on , the c l a s i c a l answer to t h i s de­
mand would be: 

- A da ta base 

- A knowledge base "able to understand" the va 
lues of the var iab les of the data base in t i 
me and space and able to give on time ans­
wers to the problemat ica l aspects of the ac­
tua l s i t u a t i o n , and in the i n t e r va l s o f t i ­
me in which it is desired to make fo recas ts . 

4 . The Data Base 

For the purpose of in format ion in the f lood 
area, two subsystems may be d is t ingu ished : 

- The hydrographic subsystem, made up o f : 

. A catching watershed w i th large slopes tha t 
receives the r a i n , and can be described by: 

. a set of catchment areas 

. a t r e e - l i k e network of rapid drainage 

. a low zone, whose axis is the r i v e r produ­
cing the f loods , which can be described as 
the axis of the r i v e r together w i t h a se­
r ies of f loodable pockets connected to the 
r i v e r through the temporary courses created 
dur ing the f l ood ing . 

The whole is represented in the f i gu re 1. 

- The s o c i a l - t e r r i t o r i a l subsystem made up of the 
system of towns, a g r i c u l t u r a l exp lo ta t ions and 
r o a d / r a i l networks connecting i t . 

Both subsystems occupy the region so that du­
r i n g a f lood event the s ta te of the f i r s t produ 
ces e f fec ts on the second ( f l ood ing of a g r i c u l ­
t u r a l exp lo ta t i ons , towns, b lock ing roads and 
ra i lways , e t c ) . 

The in format ion system should present a p i c tu re 
of both subsystems so that questions can be 
answered on the e f fec ts on the s o c i a l - t e r r i t o ­
r i a l system. Accordingly , the in format ion sys­
tem should be: 

A s i m p l i f i e d geographical in format ion system 
s p a t i a l l y bounded by the contours of the a g r i ­
c u l t u r a l exp lo ta t i ons , urban areas and catch­
ment areas in the watershed and w i th the spa­
t i a l d e f i n i t i o n o f the t ransport network ( r a i l ­
ways and highways) and the hydraul ic network 
(steep high watershed network and main r i v e r 
in the low zone). 

- A rea l time in format ion system w i t h : 

. Rain i n t e n s i t y in recept ion areas 

. Water leve ls at con t ro l points 

5. The Knowledge Base 

This is made up of the set of in ference r u ­
les t ha t , u t i l i z e the values of the data base 
and al low us to make per t i nen t assert ions in or ­
der to evaluate the present and pred ic tab le s i t ua 
t i ons . 

In p r i n c i p l e , these assert ions would be: 

- Per t inent to technica l c o n t r o l : 

. Recommendable act ions on how to operate 
f lood gates in r ese rvo i r s , by-pass cha­
nnels , e t c , i nc lud ing b l a s t i n g o f ba­
r r i e r s (roads producing backwaters). 

- Per t inent to C i v i l Defense: 
. Water leve ls at d i f f e r e n t c r i t i c a l 

points 

. A l t e rna t i ve paths to the i n t e r rup ted 
communi cat ions 

. Evacuation of urban Communities 

The knowledge base must permit inferences on 
t h i s type of dec la ra t ions : 

. In d i f f e r e n t s p a t i a l loca t ions 

. In d i f f e r e n t i n t e r v a l s of fu tu re time 

Due to the need of quick answers it is not 
possible to use a set of complex s imula t ion mo­
de l s , on l i n e dur ing the f l o o d , but i t i s poss i ­
b le to b u i l d an in ference engine tha t synthesize 
the knowledge obtained from previous model runs. 
This inference engine w i l l have three main l i nes 
of reasoning: 

. Reasoning on the s ta te in every moment T 

. Reasoning about the poss ib le fu tu re states 

. Reasoning about advices of con t ro l (propo­
sals of decis ions) 
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- There are two types of ru les for reasoning 
about the s ta te in a time i n s t a n t : 

. S i tua t ion ru les (SR). They al low the deduction 
of possible water leve ls in s i g n i f i c a n t points 
of the f looded area based on data from cont ro l 
points furnished by the in format ion system. 

. Impact rules (IR) , fo r es t imat ing the leve l of 
impact in the urban and a g r i c u l t u r a l areas. 
They are based on the levels at the s i g n i f i ­
cant and con t ro l po ints and on t h e i r r e l a ­
t ionships w i th the socioeconomic system. 

- There are three types for reasoning about the 
fu tu re : 

. Rain rules (RR) in orden to estimate r a i n i n ­
t ens i t y in the near fu tu re based on p l u v i o -
graphs shapes and t h e i r observed e v o l u t i o n . 

. Inf low ru les (IFR) to compute the flows at 
every watershed o u t l e t , from the present sta-
te of leve ls in the recept ion area and the es 
t imated ra i n i n t e n s i t i e s . 

. Flood l eve l ru les (FLR) to deduce the expec­
ted water levels at the con t ro l points based 
in the actua l s ta te in these points and the 
possib le fu ture evo lu t ion in the in f low from 
the watershed areas. 

A l l these rules w i l l be def ined for f i xed f u ­
ture time i n t e r va l s ( i . e . ru les of 1 h r , 2 hr 
6 hr ) 

Once estimated the water leve ls at the con­
t r o l p o i n t s , w i th d i f f e r e n t degrees o f ce r ta in t y 
the expected fu ture leve ls and impacts at s i g n i ­
f i can t po in t s , can be in fe red using the ru les SR 
and IR, def ined for the s ta te at time T. 

- There are two types of con t ro l r u l es : 

. Operation rules (OR) in order to propose var ia 
t ions in the con t ro l po l i cy of dams, the blas_ 
t i n g of obstacles that close the flows in so­
me areas, e t c . 

. C i v i l defense rules (CDR) to propose a l t e rna ­
t i v e t rave l paths in t ranspor t networks, . . e t c . 

The general s t ruc tu re is summarized in 
f i g . 2. 
6. System Operation 

The system operates in the fo l l ow ing way: 

. A r ea l time in fo rmat ion system furnishes the 
basic data at spec i f i ed time i n t e r v a l s . From 
these data the system produces the basic pre_ 
dicates that represent the premises for the 
inference engine. 

. Based on these premises, r e a l time i n f e r e n ­
ces can be made on the s i t u a t i o n of areas 
uncontro l led by the in fo rmat ion system. 

. It is also possib le to make inferences on 
the fu ture s i t u a t i o n at the con t ro l l ed and 
uncont ro l led areas. The time i n t e r v a l s for 
in ference may be chosen among those f i xed in 
the ru les ( i . e . one couls use 30 min, 1 h r , 
e t c . . . in ference r u l e s ) . The fac t of updating 
the premises at every i n s t a n t , doesn' t imply 
t o repeat a l l the i n f e r e n t i a l process. I t 

7. Bu i ld ing the knowledge base 
The facts re la ted by every set of rules are 

complex enough to def ine the ru les only by the 
c r i t e r i a o f the exper ts . 

Hydraul ic engineering o f fe rs a set of mathe­
mat ica l methods for model l ing the behaviour of 
water leve ls at both areas: recept ion and f looda-
b l e . The general methodology to def ine the ru les 
i s : 

. Use the e x i s t i n g data to c a l i b r a t e : 

. S t a t i s t i c a l models of pluviogram s t r u c t u ­
re 

. An ana log ica l model of the catching waters 
hed areas 

. A numerical i n t e g r a t i o n model of the uns­
teady flow equations for the f loodable 
area 

. Development w i t h the advice of the exper ts , 
of a plan of model runs or ien ted to def ine 
the ru les 

. D e f i n i t i o n of the ru les based on: 

. The resu l t s of the a r t i f i c i a l experience 
created by the model runs 

. The c r i t e r i a of the experts eva luat ing 
the r e l i a b i l i t y . o f the theory of the mo-
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d e l s and the q u a l i t y o f the c a l i b r a t i o n 
. The i n c l u s i o n o f complementary r u l e s , by 

the e x p e r t s , on i m p a c t s , dams o p e r a t i o n 
and c i v i l d e f e n s e . 

For the d e f i n i t i o n o f r u l e s based on S i m u l a -
t i o n r e s u l t s : 

. A f rame o f d i sce rnemen t w i t h p r e d i c a t e s r e ­
p r e s e n t i n g the b a s i c f a c t s must be d e f i n e d 

. Each r u l e must be d e s c r i b e d in terms o f f o r ­
mulae composed o f the b a s i c f a c t s s p e c i f i e d 
f o r the d i f f e r e n t o b j e c t s ( r a i n l e v e l s i n 
w a t e r s h e d a r e a s , w a t e r l e v e l s i n c o n t r o l and 
s i g n i f i c a n t p o i n t s , p o i n t s o f s i g n i f i c a n t 
i m p a c t s . . . ) 

. The g r i d o f s i m u l a t e d cases o f eve ry model 
must enab le t o e s t a b l i s h the p o s s i b i l i t y o f 
i n f e r e n c e of some b a s i c f a c t s f rom a composi 
t i o n o f f a c t s . For t h a t , the i n s p e c t i o n o f 
the number o f s i m u l a t e d cases i n w h i c h b o t h 
the an teceden t and consequent a re s a t i s f i e d 
compared w i t h the t o t a l cases where some of 
them i s s a t i s f i e d , w i l l a l l o w t o take the d e 
c i s i o n t o i n c l u d e the r u l e and the e s t i m a ­
t i o n o f i t s s t r e n g t h . 

The r u l e s t o f o r e c a s t the r a i n i n t e n s i t i e s 
can be b u i l t up by the a n a l y s i s of a sample of 
s to rms t ime s e r i e s r e g i s t e r e d i n the da ta b a s e . 

For the r e p r e s e n t a t i o n o f the b e h a v i o r o f 
the wa te rshed a rea one o f two c l a s s i c s i m u l a t i o n 
systems w i l l b e used : S t a n f o r d Watershed S i m u l a ­
t i o n Model IV (13) or SWMM (Storm Water Manage­
ment Model) (14) . 

The i n f l o w r u l e s ( IFR) and t h e o p e r a t i o n r u ­
l e s (OR) f o r the dams in the w a t e r s h e d can be 
b u i l t b y a n a l y s i s o f the r e s u l t s o f runs w i t h the 
w a t e r s h e d s i m u l a t i o n m o d e l . 

For the s i m u l a t i o n o f the uns teady f l o w i n 
the f l o o d a b l e a r e a , a n i m p l i c i t Scheme (15) w i l l 
be used f o r the n u m e r i c a l i n t e g r a t i o n o f the 
S a i n t Venant e q u a t i o n s . T h i s n u m e r i c a l model i s 
a b l e t o compute the l e v e l s i n the r i v e r and f l o o d 
areas a t e v e r y t ime i n s t a n t , based o n these r e ­
s u l t s i s p o s s i b l e t o b u i l d t he s i t u a t i o n r u l e s 
(SR) a n d , by a n a l y s i s o f t he r e l a t i o n s h i p s b e t ­
ween the i n c r e m e n t s o f f l o w s f rom the w a t e r s h e d 
and the i n c r e m e n t s o f w a t e r l e v e l s , i t i s p o s s i ­
b l e t o b u i l d the f l o o d l e v e l r u l e s (FLR) f o r p r e 
d i c t i o n . 

F i n a l l y b y e x p e r t a n a l y s i s o f t h e e v o l u t i o n 
o f w a t e r l e v e l s and the knowledge o f the s i t u a ­
t i o n o f t h e s o c i a l - t e r r i t o r i a l s y s t e m , the impac t 
r u l e s ( I R ) and the C i v i l de fense r u l e s (CDR) can 
be d e f i n e d . 

8 . C o n c l u s i o n s 

The s p e c i f i c a t i o n s and some b a s i c aspec ts 
on the d e s i g n o f an e x p e r t sys tem have been p r e ­
s e n t e d . The b u i l d i n g o f t h e sys tem based on a s e t 
o f s i m u l a t i o n models runs p e r m i t s t h e d e f i n i t i o n 
o r r u l e s w i t h a n i m p o r t a n t l e v e l o f i n s i g h t i n 
t he sys tem b e h a v i o r , and a l l o w s t h e e x p e r t s t o 
work i n r e a l e x p e r t t a s k s ( A d v i s i n g o n t h e d e f i -
n i t i o n o f the s e t o f models runs t o e l u c i d a t e 

the key aspec t o f behav io r a d i u s t i n g t he compu 

t e d r e s u l t s based o n r e l i a b i l i t y c r i t e r i a o f mo­
d e l s f o r m u l a t i o n and c a l i b r a t i o n ,and i n c l u d i n g 
f i n a l r u l e s on dam o p e r a t i o n s and c i v i l de fense) 
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