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| THE USE OF MARKOV RENEWAL THEORY IN RURAL WATER SUPPLIES

by K ACHUTHAN

Sl

1 Intreduction:

Water has quantitative, qualita~
tive, spatial, temporai and state
dimensions. The objective of a
rural potable water supply system
is to satisfy the demands for

water delivered in required amounts
at times and places desired by
users, Stated this way the objecti-
ve of the system cannot be met
acceptably by decreasing dsmand,
Demand is encouraged te fall

during perieds of shert age, but
this is not regarded as an acce-
ptable selution for ilubalances.

There are alternative paths to
system objectives - new seurces,

( traditional and untraditional
ones ), recycling and reuse,

splll capture, inereased predu-
ction frem old sources, runoff

in the service area, and network
redesign. A revealing dichotemy
is apparent - excepting the first,
each of the approaches refers te
water already flewing within the
netwoerk itself, or in its area of
geographlic eccupance, The signi-
ficance of this is that the latter
splutions may make it unnecessary
to tap distant sources, thua
reducing the level of Inter-rural
area competition for dwindling
avallable watersheds,

2., Linked Trip:

In rural areas, a designer is
subjected to varieties of water
supply system and the perfor-
mance of the system also variles
accerding to geographical lecat-
ien, Three dimensions character-
ize linked trip making behaviour,
The first of these is the type ef
water supply system ( i.e., new
spurces - traditisnal and uncen-
ventional ones, recyecling and
reuse, splll capture, increased

production frem old seurces,
runeff in the service area and
netwerk design ), the secend is
the system perfermance { supply
- demand ) in the area, The time
spent by the system at the area
ferms the secend dimensien, The
gpatial lecatien ef the area
ferms the third dimensien ef the
linked trip.

In erder to understand hew these
dimensiens ferm the structure of
rural linked trips, it is first
necessary te consi&er a system of
states or cenditiens inte which a
designer might enter. Each state
is defined by twe parameterss a
geegraphical location and the type
of water supply he has te previde
in the area,

teegraphical locatiens may be
designated by dividing a regien
into zZenes and numbering these
zenes, Likewlse, type of supply
may be defined and given numbers,
Then 1f r refers to the type
of supply, and s 1indicates
zene 8, in which the type of
supply 18 lecated, Ypg defines a
state, One wmay think ef a state
as being uniquely defined by
cembinatiens ef measures aleng
the type eof supply and spatial
dimension.
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Fig-t sheows one pessible realiza=-
.tien of a linked trip jeurney
threugh a system of states Yng o

In this example, a system ef three
geegraphical zenes and twe types
of supply is considered, thus

there are only sixz pessible states.

It is possible that net all types
of supply woeuld be feund in every
zone; thus it is expected that the
nunber of states would be less than
r x s, At time Tq the designer
moves from state Yq3 to state Ypp
Then after remaining in Yoo for
(T = T4 ) time units, he agaln
moves, this time te state Y45
After (T3 = T5 ) time units he
makes a transitien te state ¥Ypq |
and seo forth.

Although Fig~1 shows the journey
of only ene designer, it dees
peint te twe precesses which
together determine the structure
of linked trips. On ene hand, the
designer has chesen to visit the
sequence of states (Y43 , Yoo ,

Yio 5 Y59 4 )¢ At the same time

he has declded te remain in
these zenes the lengths of time
Tq (TQ - T4 ), (T3 - To ) and
(Ty - T3 ). His journey may

therefore be viewed as two
simultanesus series of design
decisions; where te geo next

and hew long to stay in each
state, Furthermere, because
these precesses are nst predict-
able in a deterministic manner,
they must be considered to be
twe simultaneous stechastic
prescesses,

3. Markov-Renewal Process

It is a stechastic process in
which the chelce of states fellows
a Markev chain but the time spent
in any state is a randem quantity
depending upen beth that state and
perhaps the next state te be
visited,

This theery extensively developed

by Cinlar (1969) essentially

combines twe stechastic precesses;
a Markev prescess and a Renewal

pracess, In applylng Markev

Renewal thesry to the linked trip
making precess, twe basic assump-
tions must be wade, First it must
be assumed that the cheice »f
states, (X(n); n =0, 1, 2,,.)

ferms a time hesmegenesus Markev
chain, Secend, the travel time
between any twe states is assuwed
to comprise part ef the se~-jsurn
time in the origin state, This
assumptien is necessary in erder
te view designers as making inst-
antanesus transitlens between
states, Thus, designers are
always cansi&ered te be within a
state, and no artificial states
need Go be censtructed te accem=-
sdate designers in transit,

4, Transition Prebabilities

The first aspect of linked trip
making which is of interest is the
presbability ef a trip between any
given pair of states i, J.
Let
Fi,j (t) = Distribution function
of times spent in state
i for designer who
will next visit to
state j.

Also, let
Aij = Probability of going next

to state J from state 1,

Then o
Ay o) =Ty L Fyg () oou (D)

= Probability of going in
one transition frowm state
i to state j within the
time interval (0, t).

Y. So=jesurn time

The time spent in state j for these
designers going next to state k is
(Tnaq1 = Tn / Xy =3, Xpeq =k Do
Let
Ujk = Expected length of stay in

J for those geoing next te k,
Therefore,
Ujik = E(Tpeq = Ty Ap=dy Xpeq=k)

ol
Uk = J;t. Ty (£) at .op (2)
(]

where f (t) = density function



= d/dat Py (£) .00 (3)

6., Number of visits to state

The number of visits to any state
J in a time interval (0,t) is of
obvious interest in any analysis
of linked trip making. This
information will be useful in
providing the number of designs

with 1ts merits and demerits.

The Markev-Renewal matrix R(t)
provides just this information,
Speclfically, Riy (t) is the
nunber of expected visits that a
designer in state 1 will make to
state J in the tiuwe interval
(0,t), its Laplace transferm dees
this,

* ”
R (s) =T +A (s)+ (A" ¢8)) + ,
ees (W)
or,
as the number of states is finite,
then

R () =(I=4a" () V.. (%)

7. Number of transitions

One aspect of linked trip making
which may be of interest is the
expected number of states visited
by a designer during his tenure,
That 1s, how wany incomplete
designs 1s he likely teo make
durlng a preject which begins in
state J, This characteristic is an
indicatien of quality requirements
ig water supply of varieus types,
t
My () = Total number of expected

states visited during a
preject which begins in
state 1,
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8., Conclusien

The chief ebjectlive in linked
trip-making analysis is the
prediction of the effects of
publiec pelicles upen linked trip
patterns eof "supply-demand” .
This ebjective may be accempli-
shed using the Markev~-Renewal
medel by performing twe tasks,
First, the effects of a pelicy
upsn

2 and F(t)

must be determined. Secend, the
resulting effects upen linked
trip structures must be predicted
and evaluated (Achuthan, 1981).

The numerical part of this medel
is in pregress,
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