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FORE¥CRD

Dr. Gyllenberg came to the Merlewood Research Stetion on a Foreign Exchange
Fellowship of the Royal Society. His doctoral thesis had been devoted to
describing the flow of energy through a population of grasshoppers, and his
data seemed well suited to an application of Compartment Modelling. He had
very little previous experiencs of model building or of the use of

computers., However, Dr. Gyllenberg had to gain experience of a wide range of
modelling tools in a fairly short time; depth was’ less important than the
achievement of a broad understanding of the limitations and potentialities

of computer simulation. These requirements could1best be met by using the
rapidly learned programming language called FOCAL1:1

In accordance with thg methods of resesrch organisation presently being used
at Merlewood (Jeffers }, Dr. Gyllenberg set out his network plan at the
beginning of his stay, and it was agreed that he should produce a Research and
Development Paper as one of the objectives. The production of this paper has
the main function of providing a record of the stages through which

Dr. Gyllenberg worked. It is to be hoped that this record will be useful to
others having similar problems and starting from a similar background of
inexperience in modelling and simulation methods,

It is requested that anyone wishing to quote from this Research and
Development Paper should contact either Dr. Gyllenberg at the Zoological
Institute of the University of Helsinki, or myself, before doing so.

A. J. P, Gore
Head of Systems Unit,
Merlewood Research Station.

Footnotes

1. FOCAL is short for Formulating On-line Calculations in Algebraic
Language and is a conversationsal language developed for PDP-8
computers by the manufacturers, Digital Equipment Company.

2. Jeffers, J. N. R. (1970) Project Planning end Research Administration,
Merlewood Research and Development Paper No, 24,






INTRODUCTION

The project plan, which forms the basis for the work on a grasshopper population
model, is outlined in Appendix 1. My objective at the beginning was to examine

as many technigques of modelling work as possible likely to be useful for studying
population numbers, and population energy flow. Some progress was made along
these lines, but it was found that it was more relevant to the data tc concentrate
on a simlation model for the energy flow, omitting numbers. Density dependent
models using numbers have already been widely used (for references see

Southwood, 1966, Pielou, 1969). - S

The main emphasis was placed on finding different ways of modelling energy flow,
working at first with my own empirical data and especially the 1969 year's data
- which were the most complete (published in Gyllenberg, 1970) .

' The .computer used was aDigital Equipment Corporation PDP-8/I, and the FOCAL

" (for Pormlating On-line Calculations in Algebraic Langiuage) was chosen for its
simplicity and usefulness in simulaticn as the main language for writing the
Programmes.

In developing dynamic models in ecology, Jenney, Gessel and Bingham (1949) made
the first outlines. T have in my models followed the basic ideas of Olsen (1963)
and Gore and Olsoa (1967) for a compartment model, where the energy change in one
compartment (V) is dependent on a constant input (I) and fractional loss from the
compartment (KV). . :

In fact, three types of basic differential equations have been used, in the
following sequence: L

&= 1) xv) (1)

%% T - (kxV) - (@)

at“ '
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" The first equation (1) was used to make the compartment values of the simulated
fit as close by as possible to the empirical data. This was maintained by
changing the k-values at every sample day, i.c. k is time-dependent. The second
main procedure was to find a common k-value, either linear to the compartment
value (2), or non-linear as a function of two compartment values (3).

The final model was constructed by including environmental factors, by making
the k-values functions of these factors, i.e. equation {2}, but so that the model
would provide estimates for comparison with observations in different years.




The Descriptive Model with Changing Coefficient Values,
Plot 1 in Figure 2.

In overviewing the simple model of o grasshopper population with 8
compartments %Figure 1), one immediately recognises the input as deriving
from solar energy {k,, x 4,), whevcas all Josses from the compartments are
worked out as fractiohs of the compartments. Every one of the compariments
shouild have output ratiocs at any given time; the reason why no outputs are

 outlined for the mortality, and losses compartments (7 and 8), is that there
" was no call for these at this stage of the model. 4ctual ficld data are

available at each time step for these compartments, however, and one could
allow for losses from these compartments due to decomposition, for example,
if this was thought to play a role in the subsequent growth of compartment B
(grasses). Such a role seems unlikely.

‘The behaviour of two compartments can.be simulated for comparison with observed

values, namely 4 (nymphs) and 5 {adults). The cbserved values are subjected to
sonsiderable variation, howsver, and the mean values of every sauple day in 1969

" have been accepted on a purely empirical basis. One can, mereover, consider the
regression of the decrsasing number of individuals on time as.an estimator of

population density, =nd the values given by the regression multiplied by mean
biomass of cach day can be used as a 'best vstimate'! of total biomass. Knowledge

_of _the encrgy per unit biomass gives the total energy estimate.

”ThE'pfﬁgram'for working out the different sompartment values at daily steps =

(At =1) ivnetions as a coupling pattern between different flow pathways, as
seen in Figure 1, .and the compartment values can be mathemstically expressed

--through the equations:
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" worked out compactly as 50 per cent of the total egg biomass laid in the
avtumn,




Batimation of Transfer Coefficients (kiq) - NMethod 7
[ L

Considering the compartment values of nymph or adult biomass (V) in a dynhamic _
model, the biomass change of these compartments equal equation (2), If a steady
state is recached, then:

vﬁ—% = 0, and I = k x'VSS MI(L)

where: vss = biomass of nymphs or adults in a steady state.

The .equation (4)condition is obtained only at the peak biomass value (V. )
of nymphs, or adults, and use can be made of this feature for checking Hax’
purposes. But because the time periods between the sampling days are rather
short, approximate values for any coefficient can be worked out for each time

step as losses (L) as per cent of the average biomass value Cvmean) of a time
pericd:
L : L
ko= 3 . (5}
mean .

ko= 3 — (5v)
1 me an
k having the dimension day
Method 2
The transfer coefficients k, . and k_, can be checked using the numbers of cggs,
nymphs and adults known to %2 preseég et different times. This is done by

calculating the probability of transfer from sggs to nymphs, and from nymphs

to adults from time t to time t + 1, Lot us assume that these probabilities

are expressed as p 1 and p,., where 0 = eggs, 1 = nymphs, and 2 = adults. In
the autumn there sgould be a transfer from females back to eggs, which can be
expressed with p 0" Let us, furthermore, mssume n probability for each stage
remaining in its“2ge class, expresged as Pog? Pqqs Pope Considering the whole
year, the total number of eggs at time t =+ 9 can be €¥pregssed from the number of
eggs at time t as:

Foo,t * "o,t T Pao,t * P20 T Popoe e

The same equation can be achieved for nymphs and adults, whereas the yearly
transfer equations from t to t + 1 can be expressed compactly using matrices as:

i Poo © P20 | Mg Mo
‘ Po1 Pqq 0 i x | ™ = ™
[ 0 p Pon | I n - In.
L 12 22y s 2J£ : S

From this equation the transfer coefficients % ., k., and k 6 have been obtained
for every time step in calculating the curve w&éh cg%nging goefficient values in
Figure 2. {cf. also the example given in Section (3)). The FOCLL program used

is added in Appendix II. '




Example of Method 1

Assume the following values for the parareters abt time t and t + 1, with the
dimension keal x m™<: :
parameter/time £ t + 1 average value for At
veg., standing crop 1200 1300 1250
nymph consumption 0 0.675
adult consumption 0 1.25
nymphs biomass 0.75 C.60 G.675
adult biomass 1.1 1 1.25
nymph defaecation 0 0.125
sdult defaecation 0 0.25
nymph mortality 0 0.0125
adult mortality 0] 0.025
These velues give first approximations for the following coefficients:
_ 0.675 _1.25 4

k24 = 985 < 0.0005 k25 = 1320 Q.00

} - 0,0125 _ ] _ 0.025 _ 0.0

k#? 0.675 0.018 k5? = T.25 - .02

0125 0:25
1 = - = [ = = -
kg = e - OF kpg = o5 - 002

the dimsnsion of ki

Example of Method 2

T5 be able to use the matrix probabilitics, av
adult biomass per m?
by multiplying mmbers/m® of eggs, nymphs, adults by the average

crage biomass for eg§, nymph and
+. These values can be obtained

mist be expressed at time T, : .
biomass/individual

for cach of these compartments at time t.

On the 5th August, there were 4.2 individuals/m2

mean biomass of 0.034 g (dry weight) and 5.48 kea
On the same sample day, there were 12.
0.040 g (ary weight)
the nunbers/mZ were 1.6 for the fourth instar,
From these two veotor values for population density
= 8.VIIT), = probability matrix for the transfer inmto adults ¢

8th August,

o
0
| 0

—

of the Tourth instar having a
1/g/individual mean energy value.
6 adults/me, having a mean biomass of
lue. - On the
14,4 for the adults.
= 5.VIII and £t + 1
an be made:

and 5.41 kecal/g/individual mean energy va
and
{on time t

Q 0 g 0
0.381 0 x | 4.2 = 1.6
0,572 0.96] . 1261 e 1y, 4



II.
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gnergy of adults

This gives energy values for the compartments at t + 1:

0 -0 .0 0 0
0. 0.381 0 ¥ 1.0 = 0.381
i

»_q 0.572 0.95. + 2‘3.0 j __5'h28_;t .1
Moreover, the coefficients kh? and k57 can be checked from the probability matrix,
for a given column as: :

i+l
..... T - Ej -“ij.
Ca=t

which" glves the folloW1ng values

_1-(096)

SR - (o 581 + o, 572) = 0. 0&2/(5 days\ =

Q. 04/(5 days) =

O 016 x &ay 1

O 015 x day

- 57"
belng-ln reasonably
for Ky o and kg

If eggs arc laid botween t and t + 1, p

of females laying eggs.

shall obtain a value, the probability
This valuc, hoWeéver, has to be multiplied by a ratio

good accord w1th the vnluos of 0 018 and 0 020 obtalned earller,
u31ng Method 1 . . T .

females, because females and males are comblned in the numbers of adults counted.
males

The simlated Model with Constant Coefficients end Linear Egquations,
Plot 2 in Figure 2

One important aspect is to consider the different ccefficients of transfer from
one compartment to ancther. There is evidently an increase and decrease in every
ratic value as the season starts or ends, but, in between, the ratio values reach
almost a constant level throughout the season. In Flgure 2, one of the curves

plotted is obtaingd by keeping the.poefficients k24’ 052 4?5 ?48’ 56" and k58
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_ 7
The other transfer considered to be non=linear is the consumption of plant matter
by the animals. In Gyllemberg (1969), it was found thet 1968 year's consumption
data are proportional in a logarithmic séale to the biomass of the animals
(compartments B, C and ). This relatiofship does not hold for the consumption
data of 1969, and a linear relationship is found between the consumption and the
biomass of B, C nxr G, : : - : N

An explanation to this dissimilarity is that the 1968 results include later
data, for August (25.8), when the standing crop of vegetation was decreasing.

For 1969, all the values included arc for the period when the standing crop of
vegetation is remaining more or less congtant, and results in a linearity butween
consumption and animal biomass.

-As a conclusion, the consumption is assumed to be a function both of plant and
animal biomass, and can be expressed:

CsB = k2h x Az x B where CsB = consution by nymphs
CsC = k25 X A2 xC CsC = consumption by adults
CsG = k29 X Az xG& CsG = consumption by macropterous

adults
These equations are used in Programme II,

Some of the coefficient values are increasing exponentially from 0 to 1, i.e. the
transfer coefficients k, (nymphs to adults) and k., (eggs to nymphs). This meens
that the further the seagon is advanced, the greater the probability is that the
eggs or nymphs have reached a 'maturity' stage, when they are all going to
transfer to nymphs or adults,

To make the point clear, if one looks at the nymphs (Gyllenberg, 1969), there is

an easily recognisable pattern of different instars (1st to 4th instars. Through
‘the 1ife cycle the nymphs have to pass through all the instars, to reach the
'maturity' stage or 4th instar, when they are going to moult to adults. 4t the
beginning of the season, the fraction of the nymphs that have reached the 4th
instar is small, but as the season advances, this fraction is growing exponentially.
The same pattern of stages is recognisable in the egg development from diapausal

to post-dispausal stages, although the scparation of different stages in this case
mist be done under microscope,

The changing coefficients {transfer eggs to nymphs, and nymphs to adults) increase
each day with a fraction proportional to the value of the coefficients themselves:

s = Kgtuxk;

k6h = kGQ + é'x.ksh-
where: U and ¢ are the fractional daily increase of the kh5 aend k64'

This is, therefore, a shorthand method which allows in an approximate way for the
somplex development of the iusect.

The incoming solar radistion in Figure 3 is drawn up as & cosine curve {for
explanation, see Neel and Olsan, 1962). The transfer coefficient k 2 is calculated
empirically for 1969, and a change in this coefficient is intrnducea, when {he
standing dead vegetation has reached & certain level (Programme 2 in Appendix II).




The compartment model, with the additional macroptercus adult compartment,

is outlined in Figure 3. The feedback offect ir the programme {(ippendix II)
frem the values of the compartments is obtained through a number of subroutines
(3-5), which are exccuted eazch day as the indircct prograrme is passed through.
For complete ¢xplanation concerning thoe cxecution of tho programme, see
Appendix II.

Comonent Analvsis

The cbjoctives of this component anclyvsis is te find out which of the
environmental factors have = 516n1flc°nt inpact on the values of the parameters.
Becnuse sone b1010g1Cﬁl factors have not heen recorded in field conditinns

for the Chorthivpus parallslus populations, many of the factors suggested in
the word moduikfpar+ I) arc relatud to work done in Canada by Pickford, (1958
1960, 1962, 1966a, 1966b) and Riegert (1965, 1967). Recently an advanced
deterministic model has bsen constructed by Randell (1970) using these component
asnalyscs by Pickford, Riegert and others.

The outlines for the component annlysis is a- ,vor-f:I medel, followed by correlation
analysis (see e.g, Snedecor, 1956). From the corrclat:on matrix the principal
components ¢f the factors ars groupcd, and rwltiplie regression is performed with
the most significant o¢f factors in the rclevant components. Basic literature used
in the component =nalysis is Snedecor (1956), Bonnier and Tedin (1962), Hope (1968),
Atkins (1969), Sokal and Rohlf (1969) and Sprent (1969). Correlation matrix and
elgenvaiue extraction progroms have Leen used from the basic FPORTRAH programs of
Merlewood Systems Unit, and linesr and rultiple regression analysis programs were
written in FOCAL, using Sredecor (1956).

Definition

The word "parameter" is used solely for the energy pathways of ths grasshopper
population, such as biomass production, consumptlon, defaccation, respiration,
moztallty'and egg~laying., :

A.  Word liodel of Component dnslvysis

The following components invoived in regulating the energy flow of graSShoUper
populations have been entered from my own data and the llterature -

The Bggs (Riegert, 1967)

1. Desiccation and frost

If snow cover is absent, f;ost m%y 1njureoeggs. Ricgert {1967)

found that chilling at —12 ~18" and -23"C roduced the viability

of somec grasshopper esggs bv sbout 16, 20 and 50 per cent rbSﬁﬁctlvaly.
However, the viability was usually high (47 -~ 94%).

2. Predation

Mice on ezgs. Birds digging out égg pods. |

"3.  Parasitisn

Eggs of Camnuls pellueids were rarely parasitized by Scellocaloptenl.
More parasitism found in Melanoplus bivittatus (Rl;gert 1967).




k. The Time when the Bulk of Bops are lald

Tf the eggs have reached predispausal stage before frost occurs, the
survival rate is increased (Pigkford, 1966b).

On the egg stage, no component analysis has been made for Chorthippus.
parallelus., The losses due to all factors, including hatching mortality,
were calculated compactly as about 50 per cent of the energy deposited
by the females in the autwm. - '

5. Temperature

The duration of the nymphal period varicd inversely with the temperature
(Pickford, 1960). Becanse the coefficicnts have been cbtained using
empirical dats in which c¢ffects of temperature are already allowed for,
it is not necessary to take separate account of temperature.

6. Rainfall, Humidity

Some behavioural featurcs werc observed in the Ghorthippus population.

If the grass is totally dry (about 20 per cent RnHo), the grasghoppers
were searching ground lcvel, where bumidity is nigher; they were not
feeding.

When the humidity is 35-90 zer cent R.H., the grasshoppers are moving
upwards and feeding on the leaves. hen the bumidity is 95-100 ner cont
R.H., or when rain is falling, the grasshopvers are searching ground
level, and feeding is minimisecd.

Rainfall is built irn the model only for mortality, but ceculd be
included for consumpticn. '

7. Fungus Disease

The habit of aggregating in & small area has a devastating effect on

the later nymphs and adults of the grasshonper Camnula pellucida, when
IEntomophthora grvili (fungus) appears. The higher density of grasshobpers,
the heavier infection, acting 285 an cffective control wechanism, The
Aisease is spread by spores and favoured by heavy rainfall (Riegert, 1967).

The appearance of Entosmcphthora in the Chorthippus peopulation both in
nymphs and adults upset the whole wnergy flow system in 1967. Sometimes
about 50 per cent of the grasshoppers were infested.

The Nymphs

1. Hatching Mortality

The hatching of the eggs and survival of the first instar is very much.
dependent on the temperaturc, frost and humidity (Pickford, 1960, 1962),
In the Chorthippus population hatching started normally after a slight
rainfall in the beginning of June. If temperature is low and frost occurs
after that, hatching mortality is high. During the four years 1966~69, no
exceptionally low temperatures and frost werc recorded, for which reason
the 50 per cent losses from egy resources was considered appropriate.




2,

1-

Time when the Bulk of Bggs was Lald

Population growth was highgest in the aarliest-hatched ecggs that was
1aid early in the autumn, and tends to deeline progressively as
grasshoppers were hatched later (Pickford, 4960, 1966b). From this
statement of Pickford, it is not quite 2lear whether he meant that the
relative growth rate, cr the pszat biomass, was higher in earlier-
hatched eggs. No significant differences were observed concerning

the growth rate in the Chorthipous population,

Food Prefercence

A combination of plants is the superior food for quick development,
survival and mortality (Pickford, 1958, 1962). Because nymphs are not
food limited in the Chorthispus population, the choice of food plants
was regarded as unsignificant. Howevcr, the population becomes food
limited late in the autumn, and this could affect the egg laying.

For complete analyses, see Gyllenberg (1969).

Predators
The losses from the population to predetors is found to be very small

in terms of energy (Gyllenberg, 1969). Predators are included in the
overall mortality. ' ;

The Adults

Grouping, Psiring and Mating

Females of grouped grasshoppers produced a larger number of eggs per
pod and laid a greater total number of cggs that were more viable,
and hatched earlier (Riegert, 1965). Because of lack of data, mo ..
behavioural aspects have been included for the egg-laying of the

Chorthinpus population.

The Biomass of Macropterous Individuals

Emerging is determined by a non-lincar relationship to nymphs and edults.

The emergence of mscropterous adults is reslly density dependent, but
the same kind of conditions were also observed in torms of biomass.

Fuhggs Disease, related to rainfall (sece nymphs).

Food Preference (see nyuphs)

Tempersture, Humidity and Rainfall

Affecting the number of cggs laid. The egg~laying in the model is
made dependent (in crude way) on temperaturc multiplied by the
percentage of rainy days as an index.

Predators (see nymphs)

Human Jctivity

As Qoihtéd out in Gyllenberz (1969), this factor may affect the whole
energy flow, but as contradictive data were found for 1969, the human
activity has not bcen built in the flow model.

10
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correlaticn analysis for 1567, which was an extremely rainy year, 2 high
correlation was fouﬁf between mortality and reinfall on precceding period,
The reason {'or this high mortality was:

(=) The spreading of fungus diseass (Entomophthora) was very efficient
1967, wnd sorietimes about 5% of the population was infected.

(v} It was observed in the laboratory and in the field that the grasshoppers
dgcrease their feeding rote to & minimal level if the rainfall and
humidity was very high.  The animels, and especially the more sensitive
nyrphs, were more likely to die from starvation during long term rain-
Tall.

As a result, mortality wae assumed to be correlated to rainfell above a
thresheld valuz of 2,0 mn rain/day.

C. Hulticle rosression analvyses

In every case, where at least two highly ccrrelated factors were found for
the w»aradmeter values, & multiple regression analysis was performed including
two of tht sighificant environmental fastors. The results of some of these
analyses, dealing with tempevature, humidity and rainfall, are fllustrated

in Teble 7. '

It is evident ficw Teble 7 thet when two veriablss were taken into account,
one of thenm (in tnls case hemperature) was highly correlated with the

other one {huwidity, or rainfalil)., The relative weighting of one of the
veriables in the regrcssion anelysis is dependent on the crder in which these
are ‘taken Thercfore it was concluded thnt one environmental factor is
sufflc1pnt in correcting the parameter valuns, temperaturs was chosen for
this PUrpOSe .

One parereter which could be related Lo two variables is consumption for
aduits, as the relative weighting of both of them was significant in the
multiple regressicn.  In this medel, however, only temperature wis taken
intn account, because of fho hign corrslation between temperature and
rainfail {Tables 3-6}.

D Iineur regrossion snsisses
The results Yrom the linear rsgression analyses for the actual pPrxmeter
values are listed in Toble 8. -

If the parunotoru are correlated with some specific envirconmental factor,
it seems reanonable that the corresponding k~values, being the proportional
putput from any ome compartment should be correlated with the same factor,
If one takes nyupl, conswiption, the k-~value for a specific time moment is:

kzh = _hyrsh consumpiion
: stending erop of vegeintion

£ 1% 13 repembered ( (r. L) that vhe original variation in k-values was cbtained
by forcing the corpariment velues of the simulated model to be congruent

to evory ermpirical eompartment value measured in the field, this variation
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was schieved by chonging the k—values all through the seascn (model I)., The -
variation in these empirically obtained k-valuss was assumed to be dependent
deterministically on the same enviroamental factors as the actual parameter
valuas, Through correlation anslysis 1t was found that the standing crop

of vegcetativn was not correlated with any one of the environmental factors
used in the component analyscs at issue, Howswver, the standing crop of
vegetation may be indirectly related to temperature effects, snd this would
introduce ancther sogurce of variation in the k-values which it right be
neczssary to allow for at a later stage when the relationship was known,

In Teble 9 a linear regression analysis has been performed for every one of :
the k-values, corresponding to the parameter regressions. Highly significant
regressions were obtained,

One of' the k-values that has been correlated to factors (mainly on laboratory
results of only one year, and does not have verification from field data)

is the k-value for cgglaying (k56)* It was found that the laboratory dota
wera strongly deperdent on temperature ond per cent of rainy days, so k56 was
made a Tunction of both (Tabls 9): :

kg = € {temperature x % rqigxﬁ%%%g out of 19)

As the keg in relation to these index velues was an exponential curve,
it has been divided up in two straight lines, 25 2 matter of simplicity

(Fig. th

Relating the egglaying to temperature ond per cent of reiny days is bilologically
a reasonzble assumption, since it has been found thet females lay their eggs
only in wet soil (Kemnedy 1949), ond the rote of egglaying is dependent on
temperature. However, as Dempster {1963) has pointed out, laboratory
estimation of the number of eggs laid exhibit overestimation in most cases,

and further field data are needed

V. The continucus model with k-values corrected for environmental faectors

The interesting point of this rodel is the poisibility of comparing model
simlation estimetes with observaticons, 4 X“-test (a theoretical goodness
of fit between observed data) was performed for every one of the compartments
for 1266-69, and has been drawn up in Table 10,

As 1s evident from this table, the moin source of variation between simulated
and empirical data iz derived from the compartments for nymph and adult
biomass.  Therefore the slmmlated and empirical curves are presented in
Figs. 5~84 The use of the POCAL programues for different yvears is exphained
in Appendix 1 (Programme ITI-VI), and the environmental factors and complete
runnings of the programmes are explained in Appendix ITI,

1967 was, as pointed out earlief,_an exceptionally rainy year, and the
following factors were found important for explaining the diversion from the
empirical data,

(a) Most certainly en underestimation of young nymphs,

{b) The decreasing consumption rate, causing slow development. Rainfall has
not been bullt in the k-values for consumption.
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Thesctore 11 is evident that =zdditional factors have to be taken into
account to permit the co-crdimation of the rodel with extrere conditions.,
WModels shovwld in fact nsver be expect»d teo predict outside their intended
range. The regressicn coelTficient for k2} was, consequently, changed in

1687 to a smaller value (C.000074 in Prog r"rm@ V). Even with this change
the deviation from the empirical data for mortality and losses compartments
is notuble, and furthsr improvemsnts are obviously necessary.

a5 seen in Table 10, most of the model biomass values for nymphs and adults
are significanbtiy dafiering from the empirical values., However, as the
ﬁanaJ'Lv end losses commartments (1966, 1968, 1969} do not show any
,?43‘!1..!.?“0 ane diversior, +the zotual aifference between simulated and field
:gstlhwi U bionass valves murt Do due to the transfer cosfficients within
he population iteeif, Host certalnly there is an overestimate of the
“nitinl egg energy value for some year, and this could explain the overshoot
éhn ryph bionass valuss for the simulated curves.  Furthsrmore, the _
- byponontial drereass in the transfer rate from nymphs to adults (k45) is found
%o be depeudent on temperature (Table 9), and this relationship could explain
#or the oversheot in adult biomass values, The shorthand pethod is obviously
a rajor oversimplificatieorn. : :

As 15 Delt, tiae main outoome of the model with corrected k-values are the
follewin s

‘) Tho nrﬂ"'d*'e{i corracting the prenortional losses, o k-values, for
er:\flrﬁm |(, &l

factors, makes it possible for the model to function
e woy, -ence 3ll ths relevant fastors are built in. The

spia 1enssn o eomztrmetinge this model is to introiuce a possible way
o7 g. . cirer on erergy Tlow model, by socerwing the minimel nurber of

sarerzters out in the flelas

| factors for the production of plant biomass oould be found,

{5} If dowrechion
culd e made to function using only solar energy nessnvements,

thw el o

In tho weseny shaps . Fhe cormortmont for atanding crop of vegetatiun ig
made B0 agree with eapirieal data by altering the kg values for

L) - o
Adiftrong ymars.

mod el has a correcet energy 1r3ut into the popu-
etation), and correst outputs {mortality

evident that the disagreement with emﬁirical
of energy within the population, '

ﬁevelogment

vhe owblines of w11 the rodels (I-VIL) are mathematically elementary, -
and oven the more complete models (I1-VI) still omit much: information.  TFor
asl thed. il is felt thco the basic ideas could be used for further development,

ral Bns we ons twnroved for e clossr fifness in the following sequence of

The Tack af agreaereni batveen models and observetion in some years Seems
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te be due to factors which have not been allowed for over sufficient
range.  Bspecially the influence of different factors on the parameters

of energy flow has to be studied in the laboratory as well as in the field,
Az one improvement, the two important features from models IT and ITI,
nen~linear transfer cosfficients for consumption,zand the key environmental
factors, could of course be united in one meogdel,

Developmental stages of the grasshoppers

The egg stage needs a thorough analysis to provide the right energy
input to the population at the beginning of the season., Some

laboratory studies made by Albrecht (1970) and his school suggest two
critical stages in the 1life cycle of grasshoppers, namely at about 24
hours after hatching (perinatal mortality). and shortly after the final
moult (£ledging mortality), Particular emphasis should be 1aid on these
critical stages. Furthermore, the fisld data for numbers of different
instars could be used to split the nymph biomass compartment up in four
compartments, for each of the instars,

Modeliling approach

Stochestic variation of k~values

The different k-values could, as a first step, be assumed to vary
agcording to o normal distribution within the range of their confidence
intervels in the linear regression {Table 8). Model VITI takes into
acccunt the stochastic variation of ko, and kpg, the transfer coefficients
assuzed to have the greatest impact on the who?e energy flow model,

This preliminary atternpt was sufficient to reveal the problems associated
with variability in the field data, Rasic guides used for penetrating
stochastic modelling are Hamnersley & Handscomb (1967), and Martin (1968),

Matrix approach

One modelling possibility lies in the use of matrices for the probability
of transfer from one stage to another (e.g. as explained in Searle 1966),
This approach has already been touched in Model I (p. 4, 6). The main
adventage of matrices is to find the steady state of 2 population with
overlapping generations, but as the Chorthippus population has a
cirgulating 1ife cycle (no overlapping generations), this procedure is

of limited value.

/

Pr{abability modal

Anotner kind of model could be used for the Chorthlpgu population.
If one accepts each hatching day as the offspring of one cochort of the
population, one can treat the different cohorts in respect of their
developmental cycle, The basic bhicenergetic models for cohort develovment
are worked out by Kaczmarek (1567 Fig, 2-4). By plotting biomass against
time from empirical data of the Chorthippus population, it is found that
in addition to veristion on the time axis {i.e. the time of the moults

of the grasshoppers is differing), there is variation on the biomass

axis (i.e. when BOUMSoccur, the srasshoppers have reachsd different




woights). The variation in development is not purely stochastic and
determined partly by the availability of superior food (ecf. Pickford
1962). If the frequency curve for number of hatchings per day is

found, a probabilistic model could be built up for the development of
the pepulation as a whole,
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mLBLE 1. Coeiticient values for the plot curve (Figs. 2 and 2B) with constant coefficient values

b Ky, ka3 A R Y W M6 By 8 % o
g | |
e s 0o * o | oi 0o
* 00,0055 0.00005 0 Do 002 .
11.6 L = f 3y
0,005 0 " 0 : 0 0 0.0 0
17.6 ; - a :
0.00L,8 j ! ; 0.087
23.6 | - |
0,0048 0.2k
La7 ‘ A4 ‘ ]
0,0026 0,007 ' g f | 0.15 0.55
8 7 B _. : d | ! ; ‘J E A, )
,1305% 0.9C27 . C.000237 O 0.022  J0.6151 j ; 0 0.001 ,0.005 6.9 0.,00002
12.7 : : ; :
0.0925 6.005 0.047 : 3 . 0,01 j 0.60008
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Table 1, Coefficient matrix for the plot curve with constant coefficient values

et

The matrix being of the generzl form:

0 0 0 0 0 0 0 0 0
ko 0 o 0 0 0 0 0 0
0 kys O 0 0 0 0 0 0
0 ky 0 .0 0 kg, O 0 0
0 kpg O ks O 0 0 0 0
0 0 0 0 kgg O 0 0 0
0 0 0 ko Ko O 0 o 0
0 0 0 kg Kgg O 0 0 0
0 0 kyy O o0 0 0 o |y

L |

For the time periods (t to t o+ 1), or At, the coefficients receive

the vollowing values (Table 1).

Table 2, Coefficient matrix for the plot curve with verying coefficient values

The same general matrix is used., TFor the time periods (A t), the

coefficionts receive the following values (Table 2).



TABLE 2. Cozfficient vaiwues for the plot curve (Figs. 2 and 2R} with varving coefficient values

t k. k. k k k k k
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e 3. Lorreletion waveix for nymphs 1968-69, including basic parameters.

onvaremmental foctors and food preference indices

Yarjables
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TIBLE 3

LA Y

u.\J

10
1
12
13
1

£ Significant.

1 2
1.0
0.560 1.0
- 0.938 1.0
- 0.510  C.334 1.0
- G756 0.538 | 0.969
- 0,634 Q.631 04534
~0,171  =0.1583 - -0.216
0.325 D.é??d - 0.368¢
40.224_ Ho.gjsﬁ - 0.253
0,484 0,220 CG.335h G.557
0,532 0,329% C.333* 0.617*
~0.111 =0,051 -0.152 0.053
0,50  0.0%4  =0.109  -0.100
—0.752 ~C. 301 —-0,317*  -0,290
* Sigﬁﬁcﬁﬁ

1.0
0.538

—0.31ug

O;Eiﬂd
0.136

0.547

0.56L%*

0,062
-0,100

-0.360*

1.0

-0.038

~0,108

0.429*
~0,186

1.0
-0.809
0.452
-0,008
C.098
~0.175
-0,238
0.153

1.0
-0.507

0.266

0.139
-0.034

0.118

-0.300

éorrelation_values chosen for-multiple regression analysis

correlatiuy values for indices of food preference_(see“text)

’].O

- 0.218

0,282

00&21

~0.139~
0.178

10 11
J1,0
0.79% - 1.0

~C. 143 0,04,

~0.369 -~0.462

~0,352 — ~0.,360 -

12

1.0

. =0.127

0. 094

13

1.0

0,39

1

1.0



TiBLE L.

Variable
No.

1

A

w0 ~d

10
11
12
13
14

Corpelation matrix for adults 1968-6%9, including basic parametcrs, -

environnental factors znd food profurence indices

Verisbhles

Population densitj (indivﬁ./mg)
Production (mg/m%/ﬁay)

nespiration (cal/ﬁ?/day)

Befaecation (mg/m%/dav)

Consumption (mg/mg/day)

Kortality (cal/m%/day)

Pood preference index for éﬁggiggg denuis

Tood prefercnce index for Calamagrostis opigeics

Food preference index for Pea prgﬁgnsis
Mean temperature on sample day

Mean temperature on preceeding periocd
Rainfall on sample day

Rainfell on precceding period

Humidity (% R.H.)

Mea_n . 8.D.

13,35 5.59

I+

12,41 & 5.96
63,86 i_"19.89
89.77 & 24.69
4,26 1+ 3.41

2;&9 + 2,38
1.69 £ 2,45
17.59 £ 3.45
16.99_4# 2.50
1.55_;?_ 3,43
1k s 1416

89.9 + 7.79



TaBLE 4

o ~ o W

0

1
12
13
i

1.0

0,693

0.023
0.542

0.407

© 0.62,

-0,283 -

~0. 399

-0,891

]

1,0
0.70h
G278
0.26{
~0.016
0,16k,
0.590"
~0.003
0431
0.529%
~0.038
-J..88

-0, 7L6%

1.0
~0.104

0.5
6.306

0.708
v.763*
~0. 046
~0.210

-0.935%

1.0
0.881

-0, 3¢1

0532
#

0.721
0.09%
0.042
0.326*

~0.1,08

~0.612%

1.0

-0.374
0,267
0.827

-0.140
0,142
0.472%

-0.525

 -0.528%

~0,495*

0.416
0.3:8
~0.279"
_0.181

-0, 058

1.0

0.250

0.553
-0.461
-0.369
-o.oéz

- +0,143

1.0

-0.288

0.271
0.429
~0.233
-0. 346
~0. 314

* Significwnt correlation values chosen for multiple regression analysis

£ Significant correlation velues for indices of food preference {sse text)

! Correlation values for mortality, discussed in the text

1,0

"0.51 2
0.318

0.179

0,200

10

1.0

0.850

-0.225-

-0,434
"‘Oi J-}-76

11 12
1.0
-0.435 1.0

0,611 0.554

~-0.738 0,355

13

1.0

0.336

1

1,0




ToBLE 5.

and
‘onvironmentzal factors
Vavilable Variables Muan 3.D.
No,
1 Praduction (mg/m%/day) .38 + 5.32
2 Respiration (cal/m%/day) 33,9 4+ 23,3
3 ' Moftality (o.ﬂ.l/mz/day) 16.84 + 14.50
L Mezn temperature on sample dey 15.20 + 2.46
5 Yern temperature on precceding period 15,00 + 2.2
6 .Rainfali”on:sample day 0.82 + 1.57
7 Rainfali'on preceeding yeriocd 0.68 + 0,81
8 I‘Iumiditylé 83.9 + 9.12
TABLE ¢. Correlotion metrix for adults 1966-67, including parametors and
cnvironnental faotors
Variable Variables Kean S.D.
No. :
1 Production (mg/mg/&ay) 13,29 + 6,00
2 Respiration:(cal/m?/dayj" 9.23 x 46.8
3 Mortality (l;ex1/m2 3ay) 53.57 + 24.58
L Mean tempercture cn sample day *® 17.57 + 3.10
5 Mean temperature on preceeding period 16,45 + 2.68
6 Rainfall on sau{ple dey 1,03 + 1.91
7 Rainfall on preceeding periocd 2,20 + 2.56
8 Humi diby 9.6 + 6.27

Correlation matrix for nymphs 1966-67, including parametors




TLRLE.5 . -
q
1.0
2 0,914
3 0.632
A 0.509
5 0.696*
6 -0.242
7 -0.396
8 ~0,722%

T4ELE

1,0

0.526

0,708

0.835%
"0-275

- =0,460

~0,775*

3 L
1.0
0.467 . 1.0
0.518 0,785
-0.239 ~0,482
~0.163 -0.471
~0.430  -0,762

1.0

~0.329

-0,68Y

-0.820

4 7
1,0
0,257 1.0
0449 0,706

* Significant correlation values chosen for multiple regression analysig

1
1,0
0,111

_00152

0745

0,637
-0. 289
-0,126

1.0
0,616
0.219
0.1990
-0.112
-0,020

~0,668%

3 b
1.0
- -0.129 1.0
-0.511 0,768
0,194 ~0,595
0.337% -0.,8"
~0,326 ~0.746

1.0
%0.523
-0.594
-0.526

6 7
1.0
0.535 1.0

-.362 0.225

¥ Significent correlation values chosen for multiple regression analysis

1.0

1.0



TiBLE 7. Multiple regression analyses, taking into account the variables temperature on preceeding peried (TP),
humidity (HM) and moan reinfall/day on preceeding period (HR) .for Some:parameters.dependent variavles).
The T-vzlue gives the regression coefficients for the independent variableé dividéd by their standard
deviation, and is used to test the goodness of fit of the relation between the perameter value and the

two varicbles,

T—value and corresponding probability for
Parameter . Instar .  Equation TP ' ' _ _ HM HR
Consumption Eyapha ~1,5,5+7 . 19xTP~0, 00L5xHM 2,53 P=20,02% - ~0.076 0.9<P <1,0
{ef. Table 8)

Defagecation hymphs ~3%8.17+5.58x7P~0, 001 4 xHM 3.02,2 0.001 <P <0,01%%  =0.036%1 0.9 <0< 1.0
Respiraticn Hymohs  ~107.68¢8.786xTP-0.0025xHM 5,012 P< 0,001 *** T <0,0 0.9<P 1.0
1966-67 ' '
Respiration Ldults  ~1471.42+13,52¢TP~0, 01 xHH ).0836 P7=0,001%%*  ~0.1172 P=0.9
 1968-69 - '
Consumption = Adults ~Lh 6+B.57XTP=1, 575 R 2,674 P2 0,05% ~0.8152 0.4< P <0.!

1969




TABLE 8, Lincar regrossion analyses for different parameters in relstion to their

kay onvironmental factors: temporature on'proceoding period (TP}, 2nd mecan

rainfall/dsy on precceding period (HR).

The t-value gives the regression

coefficient divided by its standard deviation, and is used as a goodness

of fit for the regression line,

Instar, parametcr

Nymphs
consumption

- Respir.+defaec,

. Mortality

Adults

Consumption

Respir.+defeec,
Mortality
1966-67
T968-69

Equation

_14.6 [} ‘l'? » 2}{[‘P
=65 ,+7 .xTP
22.247+1, 3% HR

—-72.83+10, 3xTP
97.094-9 . O45xHR
-124,.85+12.17xTP

50.94,6+5.145xR
36.256+11, 29xHR

No, of
sets

18

32
16

15
22

t—value

2.6207
5.3202
2.3221

e 2662

2.4713
5.1926

3,2646
_3.044

corresponding
probability

0.01«< P <0.02%
P <0, 007 %**
0,01 <P «0,02%

0.001 < P < G, 002%
P - Q,02%
P <0,0071%%*

0.01< P <0,02¥
Pz Q.01¥*



TLBLE 9,

Instar, k-value

Nymphs

fdults

environnental factors from Table 8:

Linezr rogression anelyses for different k-values in reletion to key

tTempurature on precseding period

(TP), rainfall (HR), temperature on period preceeding the previous sample

dey, counted from the actual sample day (TR) ond index = temperaiure x

% roiny days (OI). The t-volue gives_thc rogression coefficient d¢ivided

by its stemderd deviation, end is used as o goodness of it for the

1.8
L7

regression line,

Equation

-C. 00018740, 0000256xXTP

0,057+0.0063xTP
0.011+0, 0CL6xHR
~0,014+0,0011xTR
—0.819+0, 041 1xTR

~0, 00128+ (1, GGOCB9L AP

~G 120,40, 015%TP

$.013+0,0038xTP
~C. 00089+ 0, 0035820

© =0y 11254 5,1 335201

U = exponential incresse in k

Mo, of
sats

11
11
12

11
44

12

12

35"

t—value

3.7172
8.412;
B.638

 2.8925

4.2319

29,5097
45836

2.3175
5.8352

corresponding
probability

0,001 <P< 0,07+
P <0.001*** -
P < 0,001%%*

0,02 < 0< 0.05*

G.001 <P <0, 01%®
P < 0.001%wx*

P20, 001 %%
P 0,05
P <0,001%#*



TABLE 10.

Year

1969

1968

19674 1)

1966

i X2-tost between empirical 2nd simulated compartment v2lues for 1966-69.
he k-values were corrcoted cn the basis of 1969 year's data, so the
compartnent values for 1966-(8 are predicted on the basis of the variaticn
in k-volues with environmental factors. The nymph and adult biomass
comprrinents were tested for ectual values as per cent of simulated

values (2). In 1967 the regression coefficient for kZh was changed (1),

Compartment Xzﬁvaluo d.f. Corresponding
probability
nymph bioma.ss( 2)- 6..68 12 0.8< P< (.9
odult biomass( 2) 28.55 8 P==0, 0005%**
nscr. indiv, biomass 8,77 7 0.2 <P <0.3
mortality Ieb3 13 0.975 <P < 0,99
losses {defaec. + resp.) L33 13 0.975 <P < 0,99

(2)

nymph biomass NN 11 P <(C,0005%**
adult biomass(g) 10.8 9 P=C.3

macr, indiv, biomass 7.17 7 C.3< P <0ub
mortglity 8.3 ' 1) 0.8 <P 0.9
losses (defasc, + resp.) 4,06 15 0.95< P<¢ 0.975
nymph'biomass(z) 102,70 4 P <0.0CGH***
adult biomass(z) . 257.3 9 P <0,0005%*%
macr, indiv, blomass 1.64 3 P0,99
mortality 9,12 14 0.5<P<0.7
losses (defaec. + resp.) 15,06 13 P-l0.3
nymph biomass( 2) 103.6 14 P <(,005%**
adult biomass(2) 58.3 8 P < 0, 0005%**
roer, indiv, biomzss 17.58 10 0,05 <P < 0,1
mortelity 3.2 11 P::0,99

losses (defaec. + resp.) 374 12 P>0,99
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Appendix 11

The difforent FOCAL programmes devsloped on a PDP-8/1 compﬁper ﬁsed in
constructing the models (T-111, V), PrOgrammé I is ﬁsedﬁfof Models T
and IT, prdgramme IT for Model IIIL, and Programmes III-VI for Model V

for different years,

Progra@@gég

The progrémme runs through the main subroutine (2), having asked for the
relsvant parametér values and some compartment values for each period
Jbetwesn sample days. A4 list of the difPorent parameter values used for
Models I and IT is given in Table 1 and 2, The programme will print

~out the values of the compartments for each day, and stops after executing
_ore sample period. After that, all the parameter values have to be

re-ontered before running through a new periocd between sample days.



Programue TT

Before sntering the programme, the initial conditions of the compartment
values have to be stated outside the programme, which can be done through
a number of SET-statements. This performance has the advantage that the
programme can be stoppod at any stage, and started ageain from the same
stage. The k-factors which have to be entered outside the main programme

are k64 and k Furthermore, it is preferable to put all k-~values

45"

equal to zero when entering the initial conditions, since scome variabiles

may be stored in FOCAL althouzh the programme is srased.

It is nmost convenient to run the programme in the following seguence of

steps:
No, of days starting day changed conditions
SET 42 = O.;  SET B = O.;
SET? C = 0.3 SET D1 = O,;
SET D2 = 0.; SET E = O.;
SET 6 = 0.; SETJ = 0,0036
SET L2 = O.;  SET M2 = O,
SET K1 = O.
26 136 | h
SET L2 = 0,0t; SET E = 1,3
38 163
SET L2 = O.; SET E = 0.3
SET M2 = 0,036; SET XK1 = 0.026
3t 202
SET B = O.; SET M2 = 0.
60 ' 23),

Season ends




Progrome ITI-VI

The progremmes work in the samc woy os explained for progremme IT., The
initi~1l conditions of the compartments has to be put up befcre entering
the prosramme routine, in thc wey exploined in hppendix TII.  This
appendix lso zives a complete list of environmental factors used for
sach of the years. The values of the environmental factors sre sntered

‘through subroutine 6 for cnch sample poricd.

The progremme prints out the data for sach deily step the programme is
exocuted, &3 the number of days passed from the beginning of the year,

The velues of the compartments arc only printed out at the end of the periods
chosen, as o matter of convenience,



Programms VIT

This prozramme contains an extra subroutine (9) for uéing random number

generctor, as compared with programme III, This random number is asked

for at each yun of the main subroutine (2), and a scquence of'random

npmbers could thgn be used for tho perioda betwesn sample days., After

executing one sample period, the programme jumps automatically to the next

period, in which case the user should print "2" for NUMBER OF ITERLTIONS. .
If some varisbles have to te changed ocutside the main programme,-control_

roturns tc the user by printing "1" for NUMBERS OF ITERATIONS, -



Peo gromme I,

oece0caeQoeaRBaREe
C«FOCALs 1969

01.01
Gl.02
0103
Di-04
0l1.05
0106
0107
01.08
01.09
0120

02+01%
02.02
02,023
02.04
02.0%
02.06
02.07
02.08
02.09
02.10
0211
D2.182
0213
08. 14
02185
02+ 16
02,20

TYPE "STEPWISE ENERGY FLOWY,!

ASK "J"J; ASK “KI"K13 ASK “aAl™Al
ASK "H2"K2; ASK "L1™Li

ASK "L2"L2} ASK "M1"M]

ASK "M2"M2; ASK "RI"R13 ASK “R3I"R3
ASK MR2™RZ2; ASK "P1VPI

ASK "P2“P23 ASK "SUN RAD"Al

ASK “NUMBER OF DAYS“N.!: ASK "E"E,!
FOR I=ls,1sN3 DI 02.

TYPE !t QUIT

SET Z=1

TYPE %2,"DAYS"1

SET A2=A2+J%A1~HI*AR~L1#A2-M] %42
TYPE X7.04,"A2"A2,!

SET A3Z=AI+KLI*AZ«K2A4A]

TYPE 27.04,"A3"AJ

SET B=B+L2*E+L}i*A2~ ME*B*PQ*B'PI*B
TYPE Z7.04,"B"RA,!}

SET CaC+M1*A2+M2xB-R2*C*RI*C~RI*C
TYPE 27:04,"CYC

SET DlaDl+P1xH+R1*C

TYPE R7.04,"D1"Di,?

SET D2=D2+R2#C+P24B

TYPE 27.04,%D3"02

SET EsE+R3I#C~L2*E

TYPE %7.04,"EYE»?

RETURN

*¢000000000C0R02 0000000000

NOTATIONS:

Kig =

J K23 = ¥} Kah = L1 Kes e M}

KAS = MO K47 a P2 K48 = P! K56 « R3
K58 » RI Kéa » LR

K39 = K2
K57 = R2



Progrq.nﬁme i,

e,

0000 C0R0LERPRNI000002000C000800000
C-FOCAL.,1969

0l.0}
01.02
01.08
0110
01.12
0t1.14

02.01
0203
02.058
02.08
02.09
02.11
D2.12
D2+ 14
0215
02.17
02+18
02.19
02.82
02.25
02.28
02+31
02.32

03.01
03.03
03.10
03«12
03«13
03.20
03.21

04.0%

04402
04410

0501
0502
0%.10
05.12
05.13
0520

TYPE “FLOW MODEL VWITH TRANSFER TO MACROPTEROUS ADULTS".,1
ASK "NUMBER OF DAYS"N; ASK “STARTING DAYy, 1?

FOR I=Y,1,U+N; DD 2.

T 27.04,"5UN RADMAL"A2™A2,"AINAT,! 2LYB"BLCCH

T 27+04,"DI"D1,"D2 D2, 12" EVYEL"G"Ga !}

QUIT '

SET Z=1: TYPE Z3,"DAYSY™I,!

SET ¥= 0-211%6.28324(1+=FCOS<6.2R32%1/365>)
SET A1=1500.4+7#*1500

BO 3.

SET AR=A2+JHA1~K1%A2=L1 xA2%0~ M!*RQ*C“JQ*GQ*G
D3 4

SET A3=A3+K1#A2~H2%AJ

SET LE=2L2+0.i2%L2

SET BeoB+L25E+LI*A2%B+MP4R«P2*B~ PI*B“SI*B*C
SET M2=M2+0.086%M2

DO S.

SET C=C+M1=A2XC+MEXB~R1*C~R2*xL+RIXC

SET DI=D1+P1+D+R1%C+Q 1 %5

SET DE=D2+E2%C+P2xR+Q22{

SET E=E+R3*C«L2*E+Q4%(

SET G=G+S1#B2C+S2%AR*0-Q1%G-Q2*G-A3%G~04+]
RETURN

IF CAZ2~540+«3 0303, 03+10: 03.10

RETURN

IF a2-1300.) 034125 03420 2 03+20

SET LI=0.00015633 SET P1=20«153 SET J=0.0036
SET P3=0.01513 RETURN

SET K1=0«02863 SET M1=0.00018

SET Ri=0+§3; SET R2=0.017: RETURN

IF (A3=1420+5 04:02, 04+02: 0410
SET K2=0e; RETURN
SET K2=0.006: SET Jo0.00063 RETURN

IF (C~2.0) 05.02, 0502, 05.10

RETURN

IF (C=4-0) G512+ 05«12, 05.20

SET S1=0«0363 SET S2s50.0002%3 SET Q120017
SET Q2=Q.014; RETURN _
SET Q3=0+13 SET Q4=0.02:; SET R3=0.081 RETURN

*ogeepenasecntsoneceeInORRORERbRR

NOTATIONS:

Ki2 = J ¥23 = K1 K24 = L1 K25 = M1 K29 = §2
K38 = K2 K45 = M2 K47 = P2 K48 = Pl K49 = Si
K56 = R3 K57 = R2 KS8 = RI K64 = L2 K97 = Qf
K98 = 01 K96 = Q4 . K9B = @3




RARAPERARRANERIALINATHYNIPLEIREIRAINGGE
C-8K FOCAL 81969

01«21 TYPE “FLOW MIDBEL WITH TRANSFER TQ MACROPTEROUS ADULTSY,!
01.02 ASK "NUMBER OF DAYS™N; ASK "STARTING DAY"V, 1!

0106 FIR 1=U,NLV+3 DI 6o

0108 FIR I=y,1,U+N5 DO 2.

0110 T 27.04,"5UN RAD"AL,"ARYARL,VAJ"Al 1, "B"B,"CYC, !

0112 T 27+04,"D1"D]1,."D2"D2,1"EYE,"G" (> !

Ol.t4 QUIT

02.01 SET Z=1; TYPE Z3.,"DAY3"I,! _

08,03 SET Y=0¢211%6e2832%(1.~FLOS<642833%1/365>)
0805 SET Al=1500+4Y*1500.

02.09 SET A2=A2+J*A1-Kl*A2-LI*A2«-M]®A2-524A2
02+12 SET A3=A2+KI1*A2-K2*A3

02+14 SET L2=L240.12%L2

£2+15 SET BaB+L24E+L1*¥A2~M¥24RB«P2&RnP] ¥B~5 | *B+C
C2s17 SET M22MR+0.086%M2

02+18 D3 5.

0219 SET CsC+MI*AZ+M24R«R] ¥C~N2x(~RI%

02+22 SET DI1sD1+P1+B+Ri*C+Q1%§

0225 SET DO=D2+RZ*C+P24R+32%0

02428 SET EeS+R2A+C~LAME+Q4*(

0231 SET GaG+S1%B¥C+S24A2-01%C-02%C~Q3C~04%C
02,32 RETURAN

04¢03 IF (A3~1250+)3 04+05, 04.05» 0410

04.06 SET R330.; SET 0430.; RETURN

04410 IF (0I-0+87) 04412, 0As18, 04.15

04412 SET R3==0.0089+0.0358+31; SET 04=R3; BETURN
04415 SET R3=~0.1125+04133+01; SET Q4=R3; RETURN

05+01 IF (C~2+03 05.02, 05410, 05410
05.02 SET S1=30.3 SET 03=0.; RETURN
Q510 IF (C~4.0) 05.12, 05.80s 05.820
Q512 SET 51=9.03; RETURN

05.20 SET Q3=0.1; RETURN

06.02 ASK “TEMP™IP: T 1: ASK "PAIN“HR; T !
0603 ASK "INDEX™)1$ T 1

06«05 I¥F (B) Q6075 068:07» D6ELID

06.07 SET L1=0e; &8Y0 06.43

Q6+ 10 SET Li2a=0.000187+0.0000256xTP

0613 SET PIel.057+00063%TP

G6+415 SET Rlz-D.124+D.0154TP

N6e 1T SET N1=2=0.124+0.015*TP

0Re19 SET P220.011+0.0046%HR

(0621 SET B2=0.0134+0.0038#HR

. Q6+83 SET AR50.013+0.0044HR

DELS IF (C) BE+30, 08430, 06227

OCePT7 IF (C-240) 06+885, 06285 0631

0628 IF (TP=15) 06429 0629+ 06435

6«29 CET M1=0-0020%3 RETURN

06+30 SET M1=0.3 SET 52u0.F RETURN

06431 IF (TP-15) Q6+32s QBe¢32s DB+3IT - .
06432 SET 52%0.000055 SET M1i=20.00005:3 RETURN
06433 EET 52e0+00013 SET Mlo=0.001828+0.0000894*TP
Q06434 RETURN .

QF«35 BET M1e=0.00188+0.0000894%TF} RETURN
*ANE6eRRREDRLA0QORRORANCOLREEANAN0D

NOTATIONS?

Ki2 = J K23 = KI K24 = L1 KRS » Ml K29 = S2
K3@ = M2 K45 = M2 K47 « P2 K48 = Pl K49 = S
K56 = B3 K57 = R2 K58 = Rl K64 » LR K97 = 02
KoR = 0} ¥oe = 04 Kol = 03



GRRe0AC0ACRAREACANGRNPEABSA0RRAADOEN0E
C=8K FOCAL 01969

Ci.01 TYPE "FLOW MODEL WITH TRANSFER TO MACROPTEROUS ADULTS",!
01+02 ASK "NUMRER OF DAYS"Ni ASK "STARTING DAY"U, 1!

01.06 FOR I=sV,NaU+N3 DD 6G.

01+08 FOR 1=V,1,V+N3 DO 2.

0110 T Z7.04,"SUN RAD™AL1,"A2"A2,"A3"A3, 1, "B "R,*"C"(,!

0112 T Z7.04,"D1"D1,"D2"D25 1 s"E"E»"G" "G, ?

0i.14 CUIT

02.01 SET Z=13 TYPE 23,“DAYS"“I,!?

02403 SET Y50+811%642832%C1+~FCOS<€Ce283241/3655)
02+05 SET A121500+4Y*1500. .

02+09 SET A2=AR+JXA1~K1*AS~L1#A2+M} 4A2~S2%A2
02410 DO 4.

D2+12 SET A35A3+KI+AS~K24A3

02414 SET L23L2+0.124L2

02+15 SET B=PiL24E+L1*A2-M24B~P24B~P|¥B~514B+C
02¢17 SET M2=N240.086#NM2

02+18 DO 5.

02419 SET C=C+MIRA2+M2AB-RI*C-R2*C-R34C

02422 SET D1=D}+P1*B+R1*C+A1%0

02425 SET D2=DR24ROKCLP24R+D2%E

02+.28 SET E=E+R0#C-L2*E+04%G

02431 SET C=G+514RRC+S24AR~012GoQ2%GeQI#G+Q4%0
02+32 RETURN

0403 IF (A3-11T71e¢) 02405, 0405, 04.10

04405 SET R3=0s+3 SET 04=0.3 RETURN

04+10 IF (01-0o875 04412, 048412, 04415

04-12 SET N3=~0.008240.0358%013 SET Q4=R3: RETURN
08.15 SET F3=-0.1105%+0.133%013 SET 04sR33 RETURN

05¢01 IF (C=124) 05.02, 05.10» 0510
05«02 SET 51=0.3 SET Q3=0.; RETURN
05410 IF (C~2<0) 05312, 0520, 03.20
05,12 SET S1=040833 RETURN

0520 SET 03=0e15 RETURN

06«02 ASK “TEMP"TP: T !3 ASK “RAIN"HR; T !
06.03 ASK "INDEX"ONI} T 1t

0f-08 IF (RY 06«07s 0607 06.!0

06+07 SET L1=0.; GOoTe &4, 12

06410 SET L1=-0:000187+0-.0000256%TP

06413 SET Piz20e057+0.0063%TP

06«15 SET RIz=~0s1244+0.015%TP

06417 SET Glaw0si12440015%TP

06«19 SET P220.011400048%HR

QGe2) BSET B2=0,013+0.CO38*HR

06.23 SET C8u0.NI3+0.004%HR

0625 IF (0 06020 06430 06427 :

0627 IF (C~lelt) PGBeBs 06«28, 06431

0628 1IF ITP~1F) Q06eDs Q6+29, 06435

06,29 S5TT M1=0.0000%F RETUAEN

06430 SET Mi="a3 55T S2=De«: RETIURN

0631 IF (TD=1%) 05375 0622, 06433

06437 SET S0-040200633 SET ¥1=0.000053 RETURN
CHe33 SET LSCa0Q01F SET Nlﬂ*ﬂoOOlEﬁ*O*ﬂOﬁUS?ﬂ*TP
0664 RETURN

0G.20 SET Mi="0060!2u+0~0000894*TP3 RETURN
TERBRARAQALIRAMDRDANALIBEER00200




L .
900292399000099008000R000A2CRARRRRTRGRE
C-34 FOCAL 01969

P1.31 TYPE "FLIW MIDEL WITH TRAVSFER TJ MACRIPTERIUS ADWL TS™ !
B1.82 ASA "NIMBER 3F DAYS™N3 ASK "STARTING DAY'V, t1

Blede FIR I=VWpN, VeN; B3 6.

01«38 FIR IsValsaVeN: DI 2.

2110 T 17.04,"59 PAD™AL,"AZ2"A2, “A3 A% 15 "B"B, it W P

Bl+12 T 27404-"B1"D1-"D2 D2 1H"E"E "6 G ! ¢

Bla1a QT

281 SET 2=13 TYPE Z3*DAYS™1s !

P2.83 SET Y=3.211%6. 2332"‘(R-'FC)5‘6-2832*11365>)
92.35 SET Al21503.+Y %1} 500,

0287 SET AR AZ¢J8AI~A 12020 1% ARMI %Al 52202
G210 DI A '
@2.12 SET 333“*3'*?(1*&2'!(2*&3

£2e14 SET 1.29L 23,12

02.15 SET B= B+L;*E+Lim2- 12#B~P24B~P1*B~ S15Bs
0217 SET M23M2¢3,08 5:M2

@2.12 DI .

@219 SET C2CeM AR+ M2%B=RIXCmRO¥Co R4 C

B2.22 SET CI1=DI+PIsBsRI*C+QI% ¢

02.25 SET D23 D2y R24C+P2* B+ Q2% G

0228 SET E=F+R3*CLO*E+Q4x G

P2.31 SET G=G+Si#B*(C> S2eAZ~QI*C~Q2% G- Q3% G~Q4x G
d2.32 RETURNY .

B33 IF (A3=1250¢) 24.35, B4.05, da. 1@

B4, 85 SET R3I=0.: SET 04=8.3 RETURN

410 IF (J1-0.17) Q4el2s 02412, V415

B4.12 SET R3=-03.3089+0.8353%313 SET 24=R3i RETURI
84,15 SET R3I2+0D.1125+3.133«213 SET Q4:R33 RETURN

@521 IF (C~2.5) B5.22 85.10, 25%.10
0582 SET S128.7 S5ET 3320.3 RETURN
2310 IF (C-3e) 05120 @S.20, @5.28
8512 SET S1=0.0% RETURY

B5.29 SET Q3=0s 15 RETHRY

G6.82 ASC “TEMP"TPS T '3 ASK "RATN™HR: T !
B6.33 ASK "INDEX'")1; T ?

D6.85 1IF (B) 36,07, B6eB7s B6.10

@6.87 SET L120es GOTEG OF. 12

D6413 SET L12~2.0300137+0. 0a22256% TP

06413 SET PI1=0.05%7+0. 0063« TP

P6.15 SET RIz~0e 128+, 215«TP

B6.17 SET Ol=-6-12«‘f+ﬁ.£‘l'it'!'?

B6+ 19 SET P228.2112 .20 46«HR

D621 SET R220.01 J+B.0033*HR

B6e25 TF (LY Dhe 2 BE. 3D A6.21

B6.27 1F C(C~2.5) 06428 D6.29, @6e 3}

0623 IF (TP=135) 06.2%2 DB6.29s 06035

6,29 SET M123.0082053 RETURN

P56+ 32 SET Mi=943 SET $220.3 RETURY

B6.31 IF (TP~15) 04.32, %6432, P6e33

D6 32 SET 52:Q.00290% SET M120.02%655 RETURY
B6. 33 SET S220.00913 SET M1=-03.08128+ 3. 230339 4« TP
D6e 34 RETURNY

B6e 35 SET Miz=@. 93123*3c959339 TP} RETURY

*eREARPMARLATNINI0LPLOROCRRRAAD



5@088@@@@@0@@8@8@@ “CEERTE20BECBC000000
£-8< FICAL €&195%

81.81 TYPE “FLOW MIDEL WITH TRANSFER T ‘4ACR3FTER3US ADIL TS, ¢
21.82 ASC "NUMBER SF DAY SN ASK "STARTING DAYV, 1

MeB8 FIR IxWaMsY+NE I3 6o '

1.8 FIR [=a2V. (s VN2 [0 2.

D1t T 2762 "SUS RAD™AYL, “A2YAR, YA A3. 1, "B"B, "C"(C, !

Bloe12 T A7 BAs DI DI VD2 D2, 1 “EME, "G 6s 8 Y

Atela QUIT

B2.61 SET Z=1; TYPE a3 "DAYS™I, ¢

02083 SET Y0421 106228325 1o~ FCISC 60 2332417 3655 )
G2,85 SET A= 150G+ Y2 1 5G3,. .
B2.09 SET £230824J% 814 15A2<L15A2M 1 A2~ 52202
22.18 D) 4.

@2.12 SET 5;3333%’51*&2'?(23(\3

B2. 14 55T L ArL 22 Gt Rel 2

82.15 SET B"'P*‘l ZrTrl i ﬁ?*ﬁQ#B‘PZ*B'PI*B“S!*B*C
B2.17 SET MN22¥2+ 3,088 heMp

92.18 D7 Ga

82419 SET CuCeMIsA2+MO2He R1% e R2«C=R3*(;

22.22 SET DIz Di+Pi+BeRI«Cs G126

02.25% SET DRRD22RExCHPoaRe Q28 G

B2.28 SET E=f+ R3¢ C-L2%EvQ4« G

B2. 21 SET C=(C¢ SisExC+ “Q*RZ-@I*G’OQ*G'in*G‘Q‘WG
B2.32 RETUAN :

B.03 IF (A3-1880:* 04.05 G2.05, B4.18

G4.85 STV R3-%.35 SET 04=8.7 RETURY

B4£.16 IF (I1-3.07) §54.12: DA 12, Ba.45

Ba-12 SET R~ 0.08RT+G. 83532313 SET Q4R3I RETURY
B4.15 SET RG==d. 13185+, 132¢21% SET Q4=R3; RETURY

25,01 IF (C"’lﬂe) BheldRa #45. 19, #5.10
B5.82 SET S1=8.; SET G320es RETURN
8518 IF (e300 B5.12: (15,20, A%. 20
N3.12 SET Si=0.03: RETURN

8528 SET Q3#0.15 RETURN

B6e02 ASK “TEMITP: T 13 AL “RAIN'HR: T 1
D603 ASK “INDEX"™J[: T ¢
B6.865 IF (B 25.37, Z6.0T, B6.10
Bo.87F SET 1..1=3c; LOTD 25,43
B8 17 SE7 L3=*f]:-@5‘:3§8?*9-@539256*1?
25. 13 SFET Pla@.@5728. 7065 TP
B6e15 SIT RIz~B,124 3. 615« TP
26,17 SET Q!ﬁ”ge!?Q*?aSIS*TP
BL.19 80T PR 513+ G. 3B 46+HR
B6.21 EWT RE2 061 0. COB534HR
. 6.2 SR Deaf.dy P 2F 2R
DG&a235 10 €3 &5 20 D630 D27
627 IF (1.0 [R5, 28, 26+2%, 068a 31
BEa22 IF (TP 18) (& 2%: 26:29s @635
26,29 SRT ¥iom, RBEIEE RETURY
Q6. 30 ST Misn.s: SpT 52=2.3 RETURY
BB 23 1IF 7RarE) g%, 32y @432+ B6433
B6. 32 Z0T S0=0.50805; SET M1=0.808205 RETURY
83433 SET S0=20.%6013 SET Ml=-8, +28123+2.080839 & TP
A5, 34 RETUNN

26,25 ouT ¥12-B.0%:P2+0.QO0E39 4= TP RETURY

t@@@@'&“@ﬁ@@ﬂC‘@@@@SG@@@G@%@Q@@GQ@@




PROGRAMME VII: STOCHASTIC VERSION

aepepeeeRROAAERORICOBROREOOROAROEREDE
C=8K FOCAL #1969

01.0t TYPE “FLOW MODEL WITH TRANSFER TO MACROPTEROUS ADULTS"»!
01+02 ASK "NUMBER OF DAYS"N} ASK "STARTING DAY"V,!!
01.03 ASK “NUMBER OF ITERATIONS"TZ; T 1

01.05 SET TA=1

01<06 FOR I=VU,N,U+N; DO 6.

01.07 FOR X=TA; DO 9.

01.08 FOR I=Vs1,VU+N; DO 2.

01+10 T Z74045>"SUN RAD”A1,"A2"AZ,"A3"A3.1,"B"Bs"C"C,!
01412 T 27:04,"D1"D1,"D2"D2, 1,"E"E,"G"(, ! !

Ol¢14 SET TA=TA+l

0116 IF (TZ=TA) 014255 01+19, 01«19

01«19 GOTO 01.02

01.85 QUIT

08.01 SET Z=13 TYPE %3,"DAYS"1,!

02+03 SET Y=0.211%€.28324¢1+-FCO5<6.2832+17365>)
02.05 SET At=z15004+Y*1500.

0209 SET A2=A2+JU*A1~K1+A2~L1%A2-M1%A2-50+A2
02+ 10 DO 4. |

. 02412 SET A32A34Kl*A2-K2%A3

02+14 SET L2=L2+0.12+L2

02.15 SET B=R4L2*E+L1+%A2~M2*B-P2¥B-Pl 4G~S] 4B4C
0217 SET M2aM2+0.0B8E#M2

02418 DO S.

02419 SET CuC+Ml*A2+M2XB~R1*C~R2¥C~R3*C

0222 SET D1=D1+P1¢B4RI*C+01%6

02.25 SET D2=D2+R2AC+P2XB+Q2%G

02428 SET EcE+RIFCLO*E+Q4%G

02431 SET G=G+S1+*BRC+52%AL~01%G=02%Go03%xC~0a%*GC
02.32 RETURN

04+03 IF (A3=12504) Q84055 04+05%s 04410

04,05 SET R3=0.3; SET Q4=0.; RETURN

02410 IF (O0«0e87) 04412, 0412y 04415

04.12 SET R3=~0.0089+0.0358%01; SET Q4=R3; RETURN
04+15 SET R3=-0.112540.133%013 SET Q42R3; RBETURN

05+01 IF (C+«2.0) 05.025 05210, 05+10
0502 SET S$1=0+3j SET 03=0.; RETURN

. 05.10 1F tc-a-og/ 05+12a 05.20, 05,20
05+12 SET S$1=0.03; RETURN

0520 SET Q3=0.%{3 RETURN



-2,

06402 ASK "TEMP"TP: T 1 ASK “RAIN“MP} T 1
06.03 ASK "INDEX"NI3 T ?

06+13 SET Pi=20+.05740.00863*TP

06415 SET R12~0.)124+0.0}5«TP

06+17 SET Ql"O-lEﬁ*O-Olﬁ*TP

0&+«19 SET P2=20+011+40.004€#HR

06421 SET R2e0.01340.0028%HR

06423 SET Q2m0«013+04004*HR

06¢27 IF (C=240) 06428, 06.28, 06+ 31
05.28 SET 52s0.3 RETUBN

06431 IF C(TP~15) 0632, 06432, 06.33
06.32 SET S$2=0.00005; RETUPN

06.33 SET 52=0.0001; RETURN

© 99403 ASK "UXTUX: ASK “WUYURY: T o

09405 ASK "UX"UX} ASK "OY"UY: T}

09406 IF (B) 0807, 09.07, 09.08

09.07 SET L1=0s; gOve 0% 09 ' _ _
09.08 SET Lll(*D-000257*VX*0000034)+(000000!*3?‘0*0000319)#7?
09409 IF (C) 0910, 0910, 09.+15

0910 SET Mi=0+.; RETURN '

09415 IF (TP~1%) 09«16, 09168, 0%9.20

0916 SET M1=0.00005; RETURN : .
09.20 SETYT Hll('oo00!53*03*0-0005)4(0-0000416*0?‘000000963079
09«21 RETURN : :
*..0"..0OOOOI..I.‘OOOOOOOG.O.'...

NOTATIONS:

K12 = g K23 = K1 K24 = Lt K25 = Mt K29 = sg

K3e¢ = K2 KAS = w0 K47 2. P2 K48 = pj K49 = S}

36 = B3 K37 = R2 K58 = R} K64 » L2 K97 = Q2

K98 = 9} K96 a Q4 K93 = Q3

WX = LOWER CONFIDENCE FOR ¥~ INTEPCEPT

WY = RANGF JF VARIATION FOR Y=~ INTERCEPT JF K24

UX = LIVER CINFIDENCE FOR REGRESSION COEFFICIENT OF K2a
UY = RANGFE OF VARIATION FOR RECRESSION COEFFICIENT OF K24




Appendix IIT

Listing of environmental factors used for correcting the k-values: mean
temperature of preceeding period counted from sample day (TP), mean value
of rainfnll per day on precceding poriod (HR), and index = temperature x

% rainy days (OT),

The programme can be started from the beginning of the grasshopper
populaticn season, using the initial values for standing crop of vegetation,
egg energy input, =nd transfer cgefficient k22+. If some wvarigbles have

to be chenged outside the main programme, this is noted by a number of
BET-statenents in the list, '



no. of starting — changed
days day P iR 01 conditions
SET A2 = 552,133
SEP E = 1.3
SET J = 0.003%6
: SET L2 = 0.01
5 163 12,0. 0.7 0. -
5 169 ~ bk 0. 0.
5 175 5.9 0. 0.
10 181 16,0 0.4 0.
3 192 Thel 0.9 0.
3 196 13.6 5.3 0.
SET E = 0,; SEP L2 =0
SET M2 = 0,036
SE? K1 = 0,026
3 200 16,2 0. 0.
3 20k 18.8 0. 0.
3 208 18.1 0.6 0.
32 212 18,1 0.6 0.
2 216 18,1 0. 0.
L 219 17.5 Q, 0,
3 22 1.5 2,1 0.
3 228 21.1 0. 0.
7 232 22.0 0.9 0.
SET B = 0.; SET M2 = 0.
-7 240 18,2 0 0
SET J = 0,006
19 2L8 1£.9 0.2 1,36
9 260 6.5 2,9 0.96
9 270 1Ly 3.0 0.7
10 280 1. 0.9 0.77
9 291 8.5 7.6 9,28
YEAR 1968
SET 42 = 514.0747
SETE = 1.0
SET J = 0.0039
SET L2 = 0.01
6 159 12,9 1.6 0.
2 166 15,2 Q. Q.
L 169 19.6 0. 0.
3 171, 15,1 0.1 0.
3 178 15.9 c. 0.
2 182 13,8 2.7 0.
3 185 16.1 2.2 0.
5 189 15.0 0. 0.
SET E =0,; SET L2 = O.
SET M2 = 0.03%6
SET K1 = 0,026
1 195 13,3 0, 0.
6 197 12,3 2.6 0;
2 201 13,8 5.3 0.
L 207 15.0 0.3 0.
6 212 13,7 0.2 0.
5 219 14,0 2.9 0.
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1968 (Cont.)

. of starting TP HR or changed
days day conditions
225 14.2 2.3 0.
220 Th.1 2.1 0.
SET B = 0,; SET M2 = 0,
237 16.6 1.7 0.875
2.2 16,2 0.1 0,875
252 18. 0.5 0,9
SET J = 0,0006
262 19.2 Lt 1,152 -
272 18.2 4.7 1.0
283 16.0 2.3 0.96
YEAR 1967
SET A2 = 819,8881
SETE =1,2
SET J = 0,0053
SET L2 = 0.1
158 11,8 2.3 0,
168 15.5 0,1 - 0.
174 13.5 1.1 0.
178 16.5 0, - 0.
185 1.1 2,0 - 0.
189 18.6 0 0.
SET E =0,; SET L2 = 0,
SET M2 = 0,G36
SET K1 = 0,028
_ SET J = 0,001y
1935 1.9 - G.. 0.
197 17.9 0.3 0.
201 18.6 0. 0.
206 17.8 0. 0.
210 16,8 0,2 0.
216 21.2 0. 0.4
233 13.8 1.1 1.17
237 12,5 5.9 1.17
SET B = 0,; SET M2 = O,
2,1 12.9 6.7 1.17
245 13.1 14 1.26
SET J = 0.0005
256 15. 5.8 1,35
263 13, 1.5 0.39
273 11, 0. 0.66
28¢, ' 8.5 3.4 0.6



YEAR 1966
no, of starting ' . _ changed
days - day P R ot conditions
SET A2 = L4B9.67L5
. SET X = 1.3
SET J = 0.0036
SET L2 = 0,01
5 158 3.7 1.5 0,
2 161, Vil 0. 0.
a4 167 15.9 0. Q,
7 169 14..8 0. 0
2 177 16.7 0,2 0
7 180 15.8 0. 0
& 183 15. 0.7 0
3 188 22, 0. 0
SET & x O.; SET L2 = 0.
8ET M2 = 0.036
SET K1 = 0.025
SET J = 0.0017
4 192 21, 0. o, '
4 137 21, 1.3 g.
3 202 16.4 Q.8 0.
b 206 19.4 3.3 0.
3 211 20.5 7.8 0.
3 215 22,0 1.9 0.
3 219 19.6 0.2 0.
9 223 16.0 2,1 0.
9 233 15,0 1.2 0.
. g SET B = 0,; SET M2 = 0,
g 2L3 - 16,0 0.2 1.4
2 153 ™ 0 1ok
' ' SET J = 0.0008
9 263 15, 3.6 1,05
10 273 S 12, 2.4 1.08
9 281, 9. 1.8 0.€3
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