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PRIMARY ENERGY SUBSITUTION MODELS *

On the Interaction between Energy

and Society

C.Marchetti

Pref ace

This paper describes an attempt to develop a "synthetic"
model of primary energy substitution, using certain rules
which proved fruitful in describing the substitution of other

commodities.

This model will be used for forecasting, and for checking
the validity of certain objectives set for R&D in the field of

energy.

*From a lecture, delivered in Moscow, November 1974,



Trends in energy demand

The first point in forecasting energy demand is obviously

to look at historical trends, over a century at least, and

try to extract the signal out of the white noise and various
medium-scale perturbations that occur along the way. Although
the long-term extrapolation of these trends may require a

more subtle analysis of social and economic trends, they are

good to be kept in mind.

The ones reported in Fig. 1 and Fig. 2 have something special.
They include wood and farm waste. This is necessary to get
a proper basis for extrapolation because part of the growth
of commercial energy sources is due to substitution of wood

and farm waste.

As you see, apart from the big dip, coinciding with the great
recession, "healed" then by World War II and some "overheating"
coinciding with world war I and preceding the 1930°s recession,
the 2% secular trend is followed quite tightly for the world,
even taking into account the compression due to the log display.

In the case of the U.,S. we also have a well defined trend with
the bumps in somehow different positions. The higher value of
3% does not appear particularly significant as the U.S. popula-
tion has grown roughly 1% faster than the rest of the world

in the period considered (1860-1960).

The second point is to look inside the envelope of total energy
demand for trends in primary fuels demand. I did this exercise
at IIASA, using a methodology completely different from the
"modelling" which is so popular in many places of the world,
and whose contradictory results, when used to forecast over '

long ranges, cast many doubts on its reliability.



I started from the somehow iconoclastic hypothesis that the
different primary energy sources are commodities competing
for a market, like different brands of soap or different pro-
cesses to make steel, so that the rules of the game may after
all be the same. These rules are best described by Fischer
and Pry (1)(2), and can be resumed in saying that the frac-
tional rate at which a new commodity penetrates a market is
proportional to the fraction of the market not yet covered:

1 dF )

or:
2) lIn (F/1-F) = ot + C

where: F = fraction of market penetrated
a and C constants, characteristic of the particular

commodity and market.

In Figs. 3, 4 and 5 some cases of market penetration are
reported, showing the extraordinary precision by which those
curves fit the statistical data (which often are not very
precise). All of them refer to a competition between two
products. In the case of energy we have three or four energy
sources competing most of the time so I had to extend a little
the trcecatment with the extra rule that one of the fractions is
defined as the difference to 1 of the sum of the others. This
fraction follows approximately an equation of type (2) most of
the time, but not always. It finally shows saturation and

change in coefficilents.

The fraction dealt with in this way corresponds to the oldest
of the growing ones. The rule can be expressed in the form:

First in - first out.




Fig. 6 shows the plotting of statistical data for the U.S.

<

in the form 1ln (F/1-F) vs. time.

More than a century of data can be fitted in an almost perfect
way using only two constants, which come out to be two

dates, for each of the primary energy scurces (wood, coal,
0il, gas). The whole destiny of an energy source seems to

be completely predetermined in the first childhood.

As we can see by analyzing the curves and the statistical

data in greater detail, these trends - if we can call them
that way - go unscathed through wars, wild oscillations in
energy prices and depressions. Final total availability of

the primary reserves also seems to have no effect on the rate
of substitution. The only real departures from the curves

are due to strikes in the coal industry, but the previcus trend
is rapidly resumed and the effects of the strike somehow "heal-
ed™. On the point of availability it seems that the market
regularly moved away from a certain primary energy soulce,

long before it was exhausted, at least at world level. The
extrapolation of these trends indicates that the same thing

is likely to happen in the future, e.g. that 0il reserves will
never be exhausted because of the timely introduction of other

energy sources.

When I started showing around those curves, people said they
were fascinated, then that the fit was too good to be true,
then that one should find the explanation before accepting
and using them. Nothing to say about the first two points
but the third one is in principle unacceptable: laws work or
don’t work, and the only reason to accept a rule as a law 1is
because all sorts of tests applied to it show that it works.

What most model makers do, starting from elementary relations

and by functional and progressive aggregations going to macro-




scopic variables (e.g. demand) is very similar to what is
done in statistical mechanics in order to "induce" e.g.
thermodynamic laws from mechanistic principles. But thermo-
dynamics is completely autonomous from the interprctation,
in the sense that its "truth" is internal to the set of

macroscopic measurements from which it has been derived.

Now, putting philosophy aside, I played the game of fore-
casting (i.e. of backcasting) within the historical period.
E.g., I took the data for the U.S. from 1930 to 1935 and tried
to forecast oil coverage of the U.S. market up to 1970. As
Fig. 7 shows, the predicted values even for the saturation
period fit the statistical data better than 1%, which after
all is the minimum error thaﬁ can be expected from this kind
of statistics. This means that the contribution of oil to

the U.S. energy budget, e.g. in 1965, was completely predeter-
mined 30 years before, with the only assumption that a new
primary source of energy (e.g. nuclear) was not going to play
a major role in the meantime. As the history of substitutilons
shows, however, the time a new source takes to make some in-
road in the market is very long indeed, about a hundred years
to become dominant starting from scratches, so that also this
assumption appears really unimportant for predictions up to

50 years ahead.

As our game worked so well in the last hundred years, why not
make a try for the next hundred years, just to see what happens?

The results are shown in Figs. 8, 9 and 10, and some quite im-
portant consequences can be drawn from them.

The first one is that substitution has a certain internal
dynamics largely independent from external factors like final.
reserves of a certaln primary energy source. So the coal share
of the market has started decreasing in the U.S. around World
War I in spite of the fact that coal reserves were in a sense

infinite.



The second is that substitution proceeds at a very slow pace,
let us say of the order of a hundred years to go from 1% to
50%. The "acceleration of the times" which we all perceive
does not show up in the statistics. Perhaps the increasing
number of changes is giving us that sense of acceleration
even 1f the rate of each individual change stays constant and

low.

This fact rules out the possibility of having fusion or solar
energy covering a sizable fraction of the energy market before
the year 2050 and leaves us with the narrow choice: go nuclear
or bust. A resurgencc of coal appears improbable toc, and I
found very nasty reactions on that point from everybody except
from coal people who appeared in a sense relieved from a mission

well above their forces.

The problem, however, of how to consider a SNG plant, a coal
.consumer or a primary energy producer, as in fact it is seen
from the market, is still an open question. This leaves some
ambiguity in the interpretation of the curves in the case of

important intertransformation of fuels.

Figs. 11 and 12 show the same curves for the world, with dif-
ferent hypotheses concerning the timing and rate of introduc-

tion of new sources of primary energy.

These curves relate to fractions. To get absolute values, one
has to multiply them by the total level of energy consumption.
Fig. 13 gives the result for the world, using a 2% secular rate
of growth, Fig. 14 for the U.S., using two different rates of
growth. In both cases, the amount consumed in 1970 is taken

as a unity.

In case of scarcity it appears that energy saving is much more
efficient than substitution. ‘
Phasing out of a source does not necessarily mean reduced pro-
duction in absolute terms.
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The following step is tc integrate this consumption all over
the cycle of a certain primary fuel and compare it with the
resources, I did this exercise and found that after all the
world will not be short of oil, if nuclear energy will keep
the present rate of penetration and perhaps even if not, but
that there may be problems with natural gas. As everybody
has his own figures for the reserves, I prefer not to raise
a row on this point and leave it to you to make comparisons
and draw conclusions. After all, the scope of this presenta-
tion is essentially methodological.

Productivity vs. energy

People in the world rightfully try to improve their lot, and
the numerical indicator for this is GNP. So the linkage bet-
ween GNP and energy consumption, and the possibility of making
this linkage looser as it appears now, are of the utmost im-
portance both in order to betler understand and plan the work-
ing of our society and perhaps have a guess on the evolutionary

trends.

Although I will not be able to draw final conclusions, I hope
the next figures will show you that there is much purpose in
the research and the linkage is not as rigid and indissoluble

as much of the pertinent literature tends to indicate.

History as usual is a good mine for digging and I will start
giving a little hint. Fig. 15 shows Europe in 1890, a very
homogeneous system for technique, cuitural and societal organi-
zation. But strangely, GNP vs. energy consumption organizes
over two different lines. 1In the first one you have the nations
who don’t have coal mines, in the second the ones who have them.
For the same GNP, the ratio of energy consumption between the
two groups of nations is 4%! Large differences appear also if
you compare widely different systems as Pakistan and Sweden or

nations at different times.

Apart from energy, the other inputs to a productivity function
are raw materials, know-how, capital and societal organization,
and one may expect a certain degree of substitutability between
them. The most convincing analysis in that sense has besn made
by H. Millendorfer and C. Gaspari (3) and I report here some cf

the results.



One of the most obvious indicators of the level of know-how

is literacy and in fact the correlations between GNP and

literacy work well, as shown in Fig. 16.

The very interesting point is, however, that the nations of

the world, bunched into a certain number of parallel lines

essentially five in all, indicating another factor at work
which we may call "efficiency parameter" or "societal effi-
ciency". The different groups are geographically identified
in the following Fig. 17 . Societal efficiency seems to cor-

relate strongly with religion.

Inside each of the groups, the productivity function becomes:

1
3) y=2¢C m/‘ebFs + 0.8q

y the GNP per capita in U.S. dollars

C, the zonal constant, or societal efficiency

m the indicator for the material input (per capita
electricity consumption)

b the indicator for the immaterial input (literacy,
or engineers/10,000 popul., when this indicator is
saturated)

q mineral resources, expressed in per capita value of

production

Fy is a "stress function" indicating the non-complete
substitutability of‘the material and immaterial in-
puts. FS = 1 for m74 = eb and bends somehow the iso-
quanten as it appears in Fig. 18 . It is fitted through
one parameter only.

poo | L@ty 1€y T

S 2 eb 2 m/z.

p fitted by regression



The results of the calculations are given in the following
table:

Table 1
cale. {Obs. calc. obs.

Canada 2540 228C Great Britain| 1830 1700
Australia 1970 1970C Switzerland 2150 2310
Belgium 1770 174C U.S.A. 3870 3670
Denmark 1850 1950 Sweden 2230 2500
France 1780 1950 Holland (2250) 1520
W.Germany 1760 1750

for 1969 - in U.S. dollars per capita

The only real departure is for Holland. One interpretation
being that it really belongs to the "Catholic" group, i.e.
to the second one, with a lower societal efficiency.

The results are graphically displayed in Fig. 18 where it
appears very clearly how different nations have organized
themselves, and how high GNP with low material input, e.g.
energy can be obtained via a high level of engineefs, i.e.

of know-how.

It is unfortunate for Japan to have such a low level of so-
cietal efficiency, revealing perhaps the difficult& of adapt-
ing its society to an economic system developed by a protes-

tant society.

One might, in abstract, speculate on the consequences of
trying to adapt western technology to the Japanese society,

the reverse of the option taken a century ago.
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Conclusdion:.:

A new approach in the analysis of the internal dynamics

of primary energy substitution and of energy use is attempted.

The results are very encouraging and promise a deeper

insight into the subtle links between energy use and society

operation. - !
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The same law appears to hold also for a socialist
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tensively this technique, originally developed in
Austria during the Second World Yar.
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Fig.18 - Iso0-GNP as a function cf the two indicators for
material and immaterial inputs. Dashed line indi-

ates their balance, i.e. m ‘= e . Dotted line has

Q

been drawn for F(3 = 1 and shows the effect of incoi-
plete substitutaﬁility of the production factors.

It is very interesting to note that the US and Swedoen
have roughly the same material index, and the :uch
higher GNP per capita of the US appears to be due
essentially to a higher immaterial production factor.



Appendix

Methods of Calculation

N. Nakicenovic

We will describe here the first attempt to implement the
ideas presented in the paper [or determining the market pene-~
tration behavior of energy sources on the basis of the historical

data.

First, by definition, the sum of all fractional market shares

must be always equal to 1:

> Fi(t) =1 (1)

M
i=1

1

where Fi(t) is the fraction of market penetration of the source i
and n is the number of energy sources. Expression (1) must hold
for all t.

As shown in the paper, the logistic functions appear to
give a good description of the market share of a given product.

These logistic functions can be written as:

F.(t)
it _ 2 o
1n [Tzﬁzfgj}" a;t ey (2)

. o . . . ,
The superscript for parameters oy and cy will indicate that those

parameters are defined on the basis of historical data.



{l) can be rewritten:

exp(ugt + c?)
l+exp(aib + cy)

Our intention is to project the market penetration trends
of the primary energy sources over the time interval longer than
the time period for whicn data are available.

This projection in the future leads to situations where one
Oor more energy sources are penetrating the market at a higher
rate than other energy sources leaving the market. Thus,
in such situations expressions (i) and (3) would be contra-
dictory. The expression (1) is a statement by definition and
cannot be violated. Therefore, the logistic function in
expression (3) cannot hold for the wholevtime interval in
question and for all encrgy sources. Iﬁdféét, it will hold
universally only for those energy sources which are leaving
the market from the beginning.

The method used is that the oldest still growing energy
source must decrease, i.e. the expression (3) would not hold for
that, oldest, energy source from that time point on, and will
be equal to the difference between 1 and the sum of all other
encrgy sources. By oldest we mean the energy source which is
anterior to all other energy sources. This chosen energy source
then enters a transition period after which the market share starts
decreasing. wWhen this decrease starts, the originally second oldest

still growing enerqgy source nust be labeled "oldest".



We assume that there are n energy sources competing on the
market so that any energy is denoted by ie[l,n] £ 1 . We want
to consider a time period longer than the historical period for

which data are avilable:

teltingy tprnl € 7P\+

At the beginning we choose, as described above, the oldest

still growing energy source j by:
= o 5 o)
={ili = (1,01 N, t=t ., oS 20, «f_;< 0] (4)

As already described above, for all other energy sources
that are leaving the market, i.e. ag < 0, expression (3) always
holds. For the oldest still growing energy source j, we define

the market penetration by:

o)
(exp(ajt + cj)

for t St < t.. (ascending phase)
E l+exp (o t+c§ INI bl
. = . ; . < t . 1 t i
Fj(t) S 1l- 1§j Fl(t) for tbJ St < ej (transltlon phase) QS)
J
!exp(a t + C. ) :
< < 3
for tej <t < tFIN (descending phase)

tl+exp(a;t+c )

In the following we will explain the guantities introduced

by (5). First we define t and tej as these are instrumental

bj
in defining the transition phase:



exp(u§t+c$

. 1 +
£ o= min{ tltelt, ., t__ 1< DY, + I F.(t)>1} (6)
H iMT FIN ”)\ ]_+exp(a§)t+c§) i#j ]

and:
F. (c)
e+ AN (=7 0) ]
Ty l"F'i (t) . . 10
t .={t]|telt .’t”__‘ _h ’ —_— = C Ox 12 P i } 7
e] { ‘ el bj ‘LA\I] e at CE”\'Fj (%) F] (tbj) )

where ¢ is a constant.

t is, therefore, the beginning of the transition period for

bj
eneryy source j. It denotes the time point where the rate of
market penetration of energy source ;3 starts to fall. tej is
the ond of this transition period, when the market penetration
of energy source j follows the logistic function again (see

Pig.1l).

* *
Finally we deiine ai and c; by:

Fj(t)
. d[ln(-["‘r,—j“zt))J
o, = - (8)
J dt
and:
* _ 1 F_] (t) ) *t
¢y = n {yg—gy) - @
J
at time point t = t . (9)

e]

Beyond tei the energy source market penetration follows then the
*

logistic function 1in the descending mode, i.e. aj<<0.

AJ1l of the guantities on the right hand side of expression (5)

are now defined, and thereforz also the market penetration

pbehavior of the energy source j.



The energy source j thus defined, however, is only the
first energy source that must leave the market due to defini-
tion in expression (1l). As the time goes on we might still
encounter the problem that we must reduce the current, oldest
still growing energy source. Accordingly, we go through the

process source by source. Generally, we therefore have:

1) 1 T
i=13i]1 - = cle t > *
3 {1]15[1,n]_f¥\|, t=ltrgy tprgl Sl oy (£)20,04 _1(t)<o} (4%)
where:
~a® i o <
uj if aj < O for tINI‘t tFIN
o. (t)=\) ol if af > 0 for t.__St<t (10)
J S J INI bj
/
% . o 5 <gp <y
; aj if aj = 0O for tej _t._t_FIN
and similarly
¢ if of < 0 for 2tz t
5 Mk T " bynr- IN
c. ()= J P if «° 2 0 for t <t<t (11)
| | ] J = INI™ bj
/
i o if af 2 . Sts
\hCJ if aj 2 0 for teJ _t__tFIN
Finally expression (5) becomes:
/expﬂc (L)f*r (t)]
: E . - >
‘ l+expﬁa (t)t+c (tJ for t < Lbj or t - te]
) .
EH (t)= 1 (5%)
<
/ Fj(t) for tbj <t < tej

l i]




To summarize, it follows from the relations presented
above that ai(t) and ci(t) are piecewise defined foxr those
energy source which penetrate the market and later must
leave it. They are not defined over the time interval [tbi’ t_ il
During this intexval equation (1) is .employed to govern ithe be-
havior of the enexrgy source in transition. Those enexrgy Sources
which have the descending market penetration from the beginning
of the time period analyzed, have ai(t) and ci(t) defined over
the whole time period. The definition for this is: ai(tINI) =
o < O.

We developed a computer code for cxpressions (#) thirough
(11). The initial values of parameters ag and ci were determined
on the basis of historical data. The program, then generated
the values of Fi(t) for any chosen interval of time between
t >0 and t < o,

In ordexr to express consumption of different enexgy energy
sources in absolute terms, a base year ty = 1970 is given &s input
and a constant growth rate (r) for total energy consumption is
given. The consumption in the base year for each source has
been taken as unity for this source.

The source code for this program has been written in
Fortran language. It has been implemented on the PDP1l1/45 with
DOS version VO7 operating system and later Qith UN1X opexrating
system. The graphical software used in the program is a version

of Calcomp plotting library specifically modified for PDP11/45.

Attached is the flow chart of this program.
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et S tRIN

= i
| L
‘"'Fi ()= uedp(a!t +Cj)
lsexp (¢t ecy)
/\
H@p—«\\as LRt V “YES]
_ | CHOOSE j
AR, L Fj(t)=1~ Z_}-J(t)
& =DERIVATIVE OF ln(%i‘(‘“}(-) ) tbl“ t
17 Fj( t) [YESla<Tis Fjl)< Fj(tn))
. \fj
_ 1S DERI\:ATIVE OF
: __L_é]\’_\ Fi(t) \/
\ \! . Ln const.
(1970-t) 1-Fi)
Yi(t)= In[F (£)(1+r) 1L for t > tp
\, \ \
27N \\ 4
_ e > '
t=t+ NO ““Q‘S t=t-v-,N\ 0]
~
Vs
| Y
PLOT Y (t) and
_Fifa)
lr‘(1--!:'(9:)’
for tpst < Ry
')
STOP
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50
© 6D
14’
8o
90
iva
110
120
130
140
1502
6D
i70
180
190
195
41%]
ei0
220

DO 1 I=1,N

DIMENSION Y(6),F(6),AC6),B(6),AREC6),AA(6),AB(6)

DIMENSION G(6,521),TL(6,501),REF(6)

DIMENSION TITLE(10),TYPE(6,4),YLOGM{®)

READ (S,69) N

READ (S,60) MAX
READ (5,60) MIN

READ (5,60) IREFY
READ {5,52) RG

READ (5,50) RGY
READ (5,5@) ERROR

READ (5,60) NP
READ (S,9¢) (TITLE(I),I=1,10)

D0 20 IsiN

READ (5,§30) (TYPE(I,J),J=1,4)

CONTINUE
WRITE (6,403

TWRITE (6,170) NP

WRYTE (6,60)

READ (5,100) xi, Fi

WRITE (6,100 i, Fi
READ (5,100) x2, F&

WRIVE (6,148) X2, F2
YizALUGCF1)

Y2SALOGCFR2Y)

CALL FUNC(Yloxa'ilffgLAEI!AQﬁllg -

CONYINUE

WRITE (6,40)
FORMAT (1H )
FORMAT (F5,3)
FORMAT (14)
FURMAY (E£8,1)

FORMAT (* ¢sLOGLF/(1=F))=zaeTéC?y
FORMAT (10a2)
FORMAT (F5,0,FS,.3)
FORMAT (°F°)

FORMAT (4A2," TOTAL AMOUNT CONSUMED
FORMAT (4A2)

FORMAT (1H ,3(12%,E$14,7))

FORMAT (1@X,*CONSUMED BEFORE *,14,°
FORMAT (10X, ’CONSUMED AFTER *,14,’*
FORMAT (13¥%,’PLOT # ’,12)

FORMAT {10%,*TOTAL CONSUMPTION IN *,I4,* IS

FORMAY (124, GRDOWTH RATE (RG) BEFORE
FORMAT (10X, ‘GROWTH RATE (RG) AFTER
FORMAT (1H ,10X,F6.,2,6(10X,F6,4))
FORMAT (° RsF*x(1+RLB)wx%(",14,°=-T)")
FORMAT (1H ,14,18X%x,2(10X,E14,7))
XMAXEFLOAT (MAX) o .
XMINSFLODAT(MIN)
XIMINsXHA TIN50,
X3IMINSYXMIN=TD,
Mi=s(MAX=MIN)/10
YMAX=,1E+3
YMIN=,1E=~1
YMAYXL=ALOG(YMAX])
YMINLSALOG(YMINY & 77
YLEALOG (L S*xYMIN)
XM3w=]

RG2=RG

e e ey e

"Ia"
*114,°

-O'Ela.

1)

s°,E14,7)
=.'E14.7)

1")
3°,F5,3)
=',F5.3,



CONTINUE

CALL P113p o e

CALL FPLOTC(L.3.,3,)

CALL SL."‘"..F(IQD!99090_@_3_)_____ - - —
CALL FHLOT(1-3,4,0,) .

CALL YLUGA(YMIN,YNAX,,01,4,5,,08,,XMIN,,02,SCY) =

CALL FORIU{U,XMIN,YMINL,10,,M1) )

DO 3 ToMUE,MANLSE L 3 .

KIsPLUaT Livin, ’

CALL FLEuRA\XT,Yly)e32,,15,0,) —

WRYITE t7,60) X -
CUN T L NUE i S _ _
ChiL FLAaR{X3AYN, YMANL, ,12,,15,0,)

WREYE (7,70) YHIN e
BrwvH il -
DU /7 Yu & - e
GLubluati, B
BlhusrL U rhi: S o _ _
CALL P 0iangXsiin, BEL, . 12,.15,0,) -
WRYTE /.00 oE . e
CONY Tidus -
TIYisalOL(YAARSS5Yy -

CALL FLHAHGRSMINGTIT ,)012,515,0,)

IF (¥M,U7,0.) 60 TO 30

WRiTE (/7,003 T I
CO 10 =54 R

CoNY LHUE T T T T R T
WRITE “7,e:0) IREFY

Convinge T T T T
IF (1.6 ,0,) 60 TO 37

YHIGHYH 0 T T T T T T T e e e e
DO 0% Yoy,

YRIGeYd Ty T T T TTTT T T T
YRIGLOSALUOGLYIIGY

CALL FPLOY (1, XMIN,YHIGL) T

CALL FPRLUT(2,XMAX,YHIGL)

CONYYMGE = 0 T TTTTTTT T ovmooTomm e T e
CONTINUE

CaLL FPLOTCL, XMAX, YHIGY  — ~ 7777 - T
TIVHEALOG (YA x13,)

CALL FCHARCXMIN,(ITH, 12,.15,8,Y — — - T
WRITE (7,90) (YITLE(K1),K13{,4) i

iF (¥M,GT,8,.) 60 TO 13
Yis0,

Fiso, T T T T - - B
Jal 4
SLOPE=30I, ‘” - ——— e ————
DO ¢ Isiiti,May

sunzg, ’ e - — _
USFLLDAT(T) |
TIsieitined T - - - = e

TF (A (JY . LT 0,) Jdsled

DO 3 itsi,N I - - —

Y (H) 2 A (M) =X+DB (M)

FOM)a (/0L ¢EXPCYEMIYYY — 777 7 o met e e
SUH S HMGF (i)

CONTINUE - - —em s mm e s - - e

IF (SUM.ER,1,) G0 TO 6

F(J)=1,-53UMsF (J) - I
IF (F(J).LT.1.E=6) GO 7O 4 o
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27
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9
ST a
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23
e T

T AB(J)=AREAB/REF(I)

"WKITE (7,53) FHIN

CONTINUE
FMAXZYMAX/ (1,+YMAX)

" CALL FCHAchMINLoTlTT7”T?I715} 0) ) T

“CALL FPLOT(1,1.,=3,)

"CONTINUE

" IF (1I,ER,KS) GO TO 23
CONTINUE

TCALL FPLOT 1, xMAX, YLK, TIIY)
__CONTINUE

AA(I)=AREAA/REF (J) ——
IF (TL(J,MAX=MIN®1),LE,D,) TL(J,MAX= MIN+3)=YMIN
TLCJ,MAX=MIN+1)=ALOG(TL (J,MAX=MIN+1]))

"CONTINUE

WRITE (6,40)
DO 10 Ks{,N

CALL FPLOT(=2,XMIN,G(K,1))
K5250

DD §: I=MIN,MAX
I1=1=-MIN+}

IF (1I,EQ,KS) GO TO 2%
GO Tu 22
CONTINUE
K52K5+50
CONTINUE
XsFLOAT(I)
CALL FPLOT(OQ,X,G(K,IT))
CONTINUE

CALL FPLOT(1,xMAX,G(K,IT))
CONTIRUE

YHINYLsMiHNe20,

" CalL FPLOT (1, xMaX, YRINL)

CALL YLOGA(YMIN,YMAX,,01,4,5,,0,,XMIN,,02,5CY)
CALL FCHAR({XMINL,YMINL, 412,,15,04)
FHINSYHMIN/(1,+YHIN)

DO 17 I=1,9,2

TYVARFLOAT(I) /10,

YLASALOG(YVA/Z(1,=YVA)) o
CALL FCHAR(XMINL,YLA, ,§12,,15,8,)
WRITE 7,503 Yva

CALL FCHARCXMINL,YMAXL,) 412,415,8a)

WRITE (7,50) FMAX

WRITE (7,110)
XMO=XMIN+150Q,

CALL FpLoTcl,xnnx YMINL)
T XM=y,

CALL SCALF(1.,14124,0,)

GO 70 12

DO i4 |(510N

CALL FPLOT (=2, XMIN,TLIK, 1))
K550

DO {5 I2MIN,MAX
1isl=MIN+]

GO T0 24

KSsKS+50
CONTINUE
X=FLDAYT (1) .
CaLL FPLOT(B,X,TL(K,YIY) e
CONTINUE




Y CIYSALOB(F(J)/1,=F(J)))
SLOPENzY(J)=Y1 o
IF (SLOPEN.EQ.B,) GO TO 36
501FF=3L0PE,/SLOPEN
ERT1:=z1,=~ERROR
ERT2:1,+ERROR o _ e
IF (SDIFF ,GE,ERT1,AND SDIFF,LE ,ERT2,AND,SLOPEN,GT,0,) YLOGM(J)=
CONYINUE
IF (SLOPE.LT. @,,AND F(J) LE.YLOGM(J)) GO YO '§
IF (8DIFF ,GE ERT1,AND,SDIFF,LE,ERT2,AND,SLOPE,LT,.8,) GO YO 5
YIzv(Jd)
_FI=F ()
SLUFE<BL OPEN
GO Y O R
LON|aNUt
CFQdyei -
Y(da- »'Ou(P(letl.—F(J)J)
AR L RN CF
CFYuF (4
CLUNTIMUE
CCALL FUNE(Y (I3, YL, X, Xe 1.,A(J),B(J))
JeJgey
'S EH N
FisD,
TUSLOPEs 0B
CONTINUE
DD 9 Kuy, W
GIK, YINsy{K)
THF (YK L LT YHAXLY GTK, 11Y=YMAXL
IF v () gnToYMINLY G(K,II)sYMINL
TTO4F (I,GTLIREFY) RGSRGY
XMz (3, 7RGI == (Y-IREFY)
YFP (i, iReFY) REF(K)YsF{K) |
YMaF 10y

IF [AN,LT,YMINY XMEYMIN —
TLOKC, 1Y) aXH B
CONTINUE — T o

CONTINUC
fi=naay ~
bo 27 Jagi N
AEAzA,”
AREABEA,
AREAALY,
AREATS =0,
Yyoass o
DO 19 IsMINgIi
SIsi=itiiel
UME(TL(e, Y0)+TL(d,11+1)) /2,
IF (TRUJ,T1+1).1T7,,05) XMa@, "
IF (TL(J,11)eLE,®,) TL(J, II)IYHIN
TL(d, 14 AEOG(TL(J 11y B
AREALARE AvW Y

iF (Y,GE,IREFY) GU YO 28 ' Tt T T e T
AREAD S AREAU®XHN . ,

60 TO 29 Dol et e e . e
COMY LI

AREAAS aREAASNHM
LONTINUE
CONYINUE

ARE (J) sAREA/REF(J)




- et -,

- XMORs0,
CALL FCHAR(XMOY,0.,412,.15,08,)

IREFY

CaLt FCH‘”?‘.‘;MDl;'vSIolE'_g_‘.?,@.)

TWEITE (7,190) IRCFY,RGE

. 050129,15,04)

L7,395) IREFY,RGY

T OWIGSFLOAY (Wl T
CALL FLHAR(UMOC,HIG,,24,,3,0,)

CaLL
CALL
CALL
CALL
CaLL
XMO3=1,

P1130

WRKITE (r,:d9)

Cal.l FCHAR (MUY,
WRITE
DO 1o Jul,i
HIGSFLUAT(JB-_
RiG1uHIG= 3 |
_—HIGZ:H_(L”‘“UB L
CALL

SEALF(1,,1esB,sBs)
FPLOTtlilnv-Bng_

FPLOT(1,34,34)
SC“LF(lniio!Goial)

FRPLOT (2, X1MJ2, HIB)

CALL FPLOT(L,XMucd,H16)

CALL FCHAR(XMUL,HIGyo12,41590,) o
WRITE (7,120) (TYPE(J,K3),K351,4),ARE(J)

CALL FCHAR(XNDS ,HIGT, (140 ,15,0,)

WRITE

7,150 IREFY, ABCIY ™

Call FCH.“.R(XHOI;“IGE, 9121.15'6.)

T T HRIVE (1,162) IREFY,AA(J)

CONTINGE

WRITE (/,3/06) NP

CALL SCALF(lasYorey0,)

TCALL FPLOT(1o5apv3e)

CALL FPLOT(2,3.193,4]

Cakl
570P

FPLOY{1,y2a80=3,)

END




. —— e bt i b < thrn

SUBROUTINE FUNC(Y1,Y2,X1,X2,A,B) T )
B} Az(Yyey2)/(Xi=X2) I _ - -
B=Y2=AuX2 , R -
. RETURN | e

END o

.t e B - —— ———
|
- - |
l




