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Abstract 

In current publication analyses of time series of larch bud moth (Zeiraphera diniana Gn.) dynamics are 

considered. For fitting of time series Moran - Ricker model with time lags was used. Estimations of model 

parameters were provided with non-traditional approach: for every considered case feasible sets of points in 

space of model parameters were determined where selected statistical criterions give required results for 

deviations between theoretical (model) and empirical datasets. In all considered situations obtained results 

were compared with other results obtained with least squared method. It was obtained that Moran – Ricker 

model without time lag and with time lag in one year is not suitable for fitting of time series. Best 

correspondences on quantitative and qualitative levels between model trajectories and empirical dataset were 

found for cases with time lag in 3 years.  
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1 Introduction 

For estimation of ecological model parameters various methods and approaches can be used – from expert 

estimations up to Bayesian approach (Bard, 1974; Borovkov, 1984; Draper and Smith, 1981; Wood, 2001 a, b 

and others). For one and the same model which is used for fitting of one and the same time series we can get 

various estimations for model parameters: expert estimations, estimations obtained with least square method, 

obtained with method of maximum likelihood etc. Naturally, in some situations question about better 

estimations does not arise, and in some situations question about correspondence of model and time series 

does not arise too. 

Let us assume that parameters of following discrete-time model must be estimated: 
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),(1 kk xFx  .                                                   (1) 

In (1) kx  is population size at moment k , ...2,1,0k ;   is vector of model parameters; F  is 

non-negative function (for non-negative values kx  and admissible values of parameters). Let us additionally 

to assume that at initial time moment 0k  population size is equal to 0x  and it is unknown amount which 

must be estimated too.  

Let }{ *
kx , Nk ,...,1,0 , be empirical time series of population size changing in time; 1N  is 

sample size. Using this sample }{ *
kx  we have to estimate model parameters   and initial population size 

0x .  

Use of least square method (LSM) (Bard, 1974; Borovkov, 1984) is based on assumption that best 

estimations of model parameters can be found with minimizing of sum of squared deviations between 

theoretical (model) and empirical datasets. If time series is approximated by model trajectory (global fitting; 

Wood, 2001 a, b) loss-function can be presented in the following form: 
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In (2) )},({ 0xxk   is model (1) trajectory obtained for fixed values of   and 0x . Let’s also assume 

that for certain point ),( **
0

** x  there is a global minimum in (2): 
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Following a traditional approach (Bard, 1974; Borovkov, 1984; Draper and Smith, 1981) after 

determination of estimations ),( **
0

** x  analysis of set of deviations }{ ke  between theoretical and 

empirical datasets must be provided: 

***
0

** ),( kkk xxxe   .                                               (4)  

Model (1) is recognized to be suitable for fitting of considering time series if following conditions are 

truthful: deviations }{ ke  are values of independent stochastic variables with Normal distribution and with 

zero average. Following these assumptions Kolmogorov – Smirnov, Lilliefors, Shapiro – Wilk or other tests 

are used for checking of Normality of deviations (Bolshev and Smirnov, 1983; Lilliefors, 1967; Shapiro et al., 

1968). For checking of independence of stochastic variables Durbin – Watson and/or Swed – Eisenhart tests 

are used (Draper and Smith, 1981; Hollander and Wolfe, 1973; Likes and Laga, 1985).   

If in the sequence of residuals (4) serial correlation is observed it gives a background for conclusion that 
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considering model isn’t suitable for fitting and needs in modification. It means also that some of important 

factors or processes were not taken into account within the framework of model. Similar conclusion about 

model and its applicability to fitting can be made in situation when hypothesis about Normality of deviations 

must be rejected (for selected significance level). In other words, final conclusion about suitability of model 

for approximation of considering time series is based on analysis of properties of unique point ),( **
0

** x  in 

the space of model parameters.  

In our opinion, this is one of basic problems of LSM: a’priori it is impossible to exclude from 

consideration a situation when nearest to ),( **
0

** x  points have required properties. One more problem of 

LSM is absence of a background for assumption about Normality of deviations. This is very strong condition 

and it must be reduced to two other conditions – symmetry of distribution with respect to origin and monotonic 

behaviour of branches of density function (Nedorezov, 2012, 2015a, b). 

Next problem of LSM is following: there are no criterions for selection of loss-function. This function 

may have form (2) (with or without system of weights), it can be a sum of absolute values of deviations etc. 

This freedom in selection of loss-function is based on absence of real correlation with biological problem, and 

it is based on desire for obtaining of one point only but not set of points. Note that even in a case when model 

(1) is a law of population dynamics with natural values of parameters, there are no reasons for assumption that 

it must give minimum of any abstract loss-function. 

Before finding of any special point in a space of parameters basic criterions for sets of deviations between 

theoretical and empirical datasets must be determined. On the next step it will allow determination of a feasible 

set – this is a set in the space of model parameters where all statistical criterions demonstrate required results. 

After that it is possible to use any loss-functions within the limits of feasible set. It is possible but not 

obligatory step – structure of feasible set depends on significance levels, and changing of these levels it will be 

possible to find points with extreme properties. These extreme points give best approximation for time series 

from the standpoint of selected criterions (but not from standpoint of loss-function). 

In current publication this alternative approach is under consideration. Moran – Ricker model with time 

lags is applied for fitting of larch bud moth (LBM) time series (Zeiraphera diniana Gn.; Baltensweiler, 1964, 

1978). For every considering particular case (which are determined by length of time lags) obtained results 

compare with results obtained with LSM and biological imaginations about LBM dynamics. 

In our previous publication (Nedorezov and Sadykova, 2015) we applied Moran – Ricker model with 

time lags for fitting of larch bud moth time series. But not all basic dynamic regimes were presented in pointed 

out publication. In current publication we analyze wider spectrum of dynamic regimes which may have 

relation to larch bud moth dynamics. 

 

2 Basic Requirements to Model and Set of Deviations 

Mathematical model can be recognized as suitable for approximation of time series if following requirements 

are truthful: 

1. Deviations between theoretical and empirical datasets must have a symmetric distribution with respect to 

origin. Branches of density function must be monotonic curves – it must increase in negative part of straight 

line, and it must decrease in right part.  

Let }{ 
ke  be a set of positive deviations, and }{  ke  is a set of negative deviations (4) with sign minus. 

Distribution has symmetry with respect to origin if and only if samples }{ 
ke  and }{  ke  have one and the 
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same distribution function. It allows using criterions for homogeneity – Kolmogorov – Smirnov test, Lehmann 

– Rosenblatt test, and Mann – Whitney test ((Bolshev and Smirov, 1983; Hollander and Wolfe, 1973; Likes 

and Laga, 1985). For testing of property of monotonic behavior of branches of density function Spearman rank 

correlation coefficient was used. 

2. Hypotheses about existence of serial correlation in sequences of residuals must be rejected. For testing of 

this property Swed – Eisenhart test (Draper and Smith, 1981) and test “jump up –jump down” (Likes and Laga, 

1985) were used below. 

3. Behavior of model trajectory must correspond to behavior of time series. If for every increasing of values in 

time series model demonstrates decreasing of values there are no backgrounds for conclusion about suitability 
of model for fitting of considering sample. Thus, quota q  of cases when time series and model trajectory 

demonstrate different changes must be rather small. In other words, Null hypothesis :0H  5.0q  with 

alternative hypothesis :1H  5.0q  must be rejected. 

Pointed out set of statistical criterions was used as for determination of points of feasible sets as for 

finding points with strongest properties. For example, if hypothesis about symmetry of distribution cannot be 

rejected with 5% significance level it does not mean that Null hypothesis must be accepted (p-value can be 

rather small and close to 0.05). But if this hypothesis cannot be rejected with 95% significance level it means 

that we have to accept it. 

Changing of values of significance levels allows finding small number of points in a space of model 

parameters with extreme properties. These points can be used as estimations for parameters. This is the first 

basic idea of considering approach. The second idea is following: assuming that every point of feasible set can 

be used as estimation of model parameters stochastic point with uniform distribution within the limits of 

feasible set will allow obtaining a distribution of possible dynamic regimes. This distribution can also be used 

as background for conclusion about population dynamics. 

 

3 Larch Bud Moth Population Dynamics 

3.1 Used time series and models 

Regular observations of the changing of larch bud moth (Zeiraphera diniana Gn.) population densities in time 

in Swiss Alps (Upper Engadine valley) had been started in 1949 (Auer, 1977; Baltensweiler, 1964, 1978). In 

current publication time series on larch bud moth dynamics were used which can be free downloaded in 

Internet (NERC Centre for Population Biology, Imperial College (1999) The Global Population Dynamics 

Database, N 1407). Unit of measurement is number of larva per kilogram of branches. As it was pointed out in 

GPDD, data were collected on 1800 m above sea level that corresponds to optimal zone of species living 

(Isaev et al., 1984, 2001). Sample contains 38 values (first point corresponds to 1949). 

Below we’ll follow one of basic concepts about larch bud moth dynamics: periodicity of population 

fluctuations can be explained by influence of time lag in a reaction of self-regulation mechanisms (Isaev et al., 

1984, 2001; Berryman and Stark, 1985; Berryman, 1981, 2002; Sadykova and Nedorezov, 2013; Nedorezov 

and Utyupin, 2011). Moran – Ricker model is one of well-known and well-studied models, and it has very rich 

set of dynamic regimes (Moran, 1950; Ricker, 1954): 


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In (5) all parameters are non-negative, k  0,  constaA k . Initial values of population sizes must be 
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positive, 00 kx , 3,2,1,0k . Note, that it was proved that model (5) with 1m  can give good 

approximation for some time series of larch bud moth dynamics (McCallum, 2000). 

3.2 Moran – Ricker model with 0m   

Within the framework of traditional approach following estimations were obtained (Nedorezov, Sadykova, 

2015): 7.465435min Q , 44.530 x , 0.517A , 1168.00 a . minQ  is minimum value of 

functional form (2)-(3). Obtaining values of stochastic points with uniform distribution in 

]1,0[]1000,0[]100,0[   we get a possibility to analyze structure of feasible set  . In Fig. 1 there is a 

projection of feasible set onto plane ),( 0aA  (for all criterions one and the same 5% significance level was 

used). As one can see in fig. 1 LSM-estimation is far from a domain of maximum of point’s concentration: 

705.18  A , 05.00 a  approximately. Moreover, LSM-estimation doesn’t belong to  .  

For LSM-estimations analysis of properties of deviations }{ ke  (4) allowed obtaining following results: 

hypothesis about Normality of deviations must be rejected with 0.1% significance level (Shapiro – Wilk test). 

Probability that distribution of deviations is symmetry is very small: 002507.0p  for Wald – Wolfowitz 

test and 025.0p  for Kolmogorov – Smirnov test. Thus, within the framework of traditional approach we 

have to conclude that Moran – Ricker model (5) with 0m  is not suitable for fitting of considering time 

series. 

 

 
Fig. 1 Projection of feasible set for Moran – Ricker model without time lag onto plane ),( 0aA . Crest corresponds to point of 
minimum of functional form (2)-(3). 
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Let   be a stochastic variable with uniform distribution on feasible set which is equal to length of 

(asymptotic) cycle which is realized for respective point of the space of model parameters. In such a case 

probability }{ kP   is equal to quota of respective dynamic regimes among all dynamic regimes which can 

be observed for points from feasible set. Distribution of stochastic variable   can be as element of 

background of final conclusion about population dynamic regime. For considering situation it was obtained 

that probability of event }1000{   is equal to 0.935 approximately. Some other probabilities have 

following values: 0184.0}4{ P , 0102.0}5{ P , 015.0}6{ P , 0029.0}8{ P  

(other probabilities are much smaller). Probability of event }100029{    is equal to zero.  

It allows concluding that regimes with strongest properties, most probable regimes, and regimes with 

LSM-estimations don’t correspond to biological imaginations about larch bud moth fluctuations (Isaev et al., 

1984, 2001; Auer, 1977; Baltensweiler, 1964, 1978).  

3.3 Moran – Ricker model with 1m  

Within the framework of traditional approach following results were obtained (Nedorezov and Sadykova, 

2015): 4.154148min Q , 140
0 10148.4 x , 1274.00

1 x , 3.8A , 3
0 10205.2 a , 

02214.01 a . For these parameters asymptotic stable regime is 18-cycle with rather close values of cyclic 

coordinates (Fig. 3). It looks like double 9-cycle, and in this occasion it corresponds to biological imagination 

about larch bud moth dynamics (Auer, 1977; Baltensweiler, 1964, 1978). But analysis of deviations shows that 

hypothesis about Normality must be rejected with 1% significance level; serial correlation is also observed in 

sequence of residuals (Swed – Eisenhart test).  

Within the boundaries of set ]1,0[]1,0[]1000,0[]100,0[]100,0[   50000 points of feasible 

set   were found (with the help of stochastic variable with uniform distribution). Probability to find a point 

in   belonging to   is equal to 5103356.5   approximately. Final picture is close to presented in fig. 1 

(it is obvious that set   for Moran – Ricker model with 0m  is a subset for new one). New domains of 

point’s concentration on the plane ),( 0aA  were not identified. 

The following point 705.440
0 x , 333.530

1 x , 01.719A , 0318.00 a , 0017.01 a  has 

best characteristics with respect to symmetry. Value of Kolmogorov – Smirnov test is equal to 0.4425 

(hypothesis about symmetry cannot be rejected with 98.7411% significance level); value of Lehmann – 

Rosenblatt test is equal to 0.03305 (93.315%); value of Mann – Whitney test is equal to 0.0908 (92.04%). It 

means that Null hypothesis about symmetry of distribution of residuals must be accepted. 
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of serial correlation were minimized. 

Analysis of points of feasible set shows that cycles of various lengths can correspond to considering time 

series: 1-cycle (regime of asymptotic stabilization or rather small fluctuations near stable level with variance 

which is less than 10-40), 2,…, 7, 11, 15, 16, 19, 27, 30, 56. 8-cycles and 9-cycles were not found. Cycles with 

lengths 16 and 27 don’t look like double or triple 8-cycle or 9-cycle: in these cases dynamic regimes with very 

long phases of population increasing were observed. 

For considering case 0164.0}1{ P , 0131.0}2{ P . Other probabilities are much less 

these values. Biggest probability is equal to 0.9546 for event }1000{  . Thus, in both considered cases 

( 0m  and 1m ) dynamic regimes don’t correspond to existing imaginations about population dynamics.  

 

3.4 Moran – Ricker model with 2m  

Let’s consider situation when time lag is equal to 2. Minimum of squared deviations (3) 1.92099min Q  

was observed for the following values of model parameters: 150
0 10638.5 x , 160

1 10653.2 x , 

07208.00
2 x , 076.20A , 3

0 10155.8 a , 3
1 106994.1 a , 02097.02 a . Analysis of 

deviations showed that for Kolmogorov–Smirnov test p < 0.05; for Lilliefors test p < 0.01; for Shapiro – Wilk 

test p < 10-5 (Bolshev and Smirnov, 1983; Shapiro et al., 1968; Lilliefors, 1967). Thus, model (5) with 

LSM-estimations cannot be used for fitting of empirical time series.  

Within the boundaries of set  : 1.00 0  kx , 400  A , 03.00  ka , 2,1,0k , –  50000 

points of feasible set   were found. Probability to find in   a point belonging to   is equal to 

000915.0  approximately.  

Point 06564.00
0 x , 02832.00

1 x , 0211.00
2 x , 607.27A , 01207.00 a , 

000138.01 a , 01257.02 a  of the feasible set has following properties: hypothesis about symmetry of 

deviations cannot be rejected with 99.9991% significance level (Kolmogorov – Smirnov test), with 99.7% 

(Lehmann – Rosenblatt test), and with 98.81% (Mann – Whitney test). Hypothesis about equivalence of 

Spearman rank correlation coefficient to 0 must be rejected with 0.1% significance level (t-test is equal to 

0.7947). Hypothesis about absence of serial correlation cannot be rejected with 10.37% significance level 

(Swed – Eisenhart test); value of test “jump up – jump down” is equal to 22: hypothesis about absence of serial 

correlation cannot be rejected with 20% significance level. This point with extreme properties doesn’t 

correspond to biological imaginations about larch bud moth dynamics: asymptotic stable dynamic regime is 

strong 7-cycle.  

Another point with extreme properties is following: 0098.00
0 x , 0902.00

1 x , 0585.00
2 x , 

758.27A , 0174.00 a , 00655.01 a , 0181.02 a . Hypothesis about symmetry of deviations 

cannot be rejected with 99.9996% significance level (Kolmogorov – Smirnov test), with 99.7% (Lehmann – 

Rosenblatt test), and with 89.31% (Mann – Whitney test). Hypothesis about equivalence of Spearman rank 
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correlation coefficient to 0 must be rejected with 0.1% significance level (t-test is equal to 0.8947). Hypothesis 

about absence of serial correlation cannot be rejected with 28.37% significance level (Swed – Eisenhart test); 

value of test “jump up – jump down” is equal to 20: hypothesis about absence of serial correlation cannot be 

rejected with 5% significance level.  

This point with extreme properties doesn’t also correspond to biological imaginations about larch bud 

moth dynamics: asymptotic stable dynamic regime is non-periodic. Values of autocorrelation function belong 

to close interval ]4088.0,2284.0[ . Asymptotic stable regime constructed for 20000 points (after 106 free 

steps of model) on the plane )log,(log 1010 yx  is presented in Fig. 5a. Approximation of considering time 

series by initial part of model trajectory is presented in Fig. 5b. Visual analysis of these pictures shows that we 

have not a background for conclusion that in this case Moran – Ricker model gives good fitting. In particular, 

number of extreme points of trajectory (Fig. 5b) is much bigger than number of extreme points of time series. 

Asymptotic trajectory of model is rather difficult, and we cannot say it has relation to larch bud moth dynamics 

or not. 

Analysis of points of feasible set shows that cycles of various lengths belong to this set. Like in previous 

case biggest probability is equal to 0.9 for event }1000{  . For 1-cycle probability is equal to 0.01634; for 

9-cycle 01202.0}9{ P , and for 8-cycle 00892.0}8{ P . In a group of regimes which are close 

to 9-cycle, it is possible to point out strong 9-cycles, double 9-cycles (cycles of the length 18), and fuzzy 

9-cycles with close coordinates (every ninth step values of autocorrelation function is bigger than 0.999). It 

allows concluding that within the boundaries of feasible set it is possible to find dynamic regimes which are 

close to biological imaginations about larch bud moth dynamics. But quota of these regimes is rather small. 

3.5 Moran – Ricker model with 3m  

Let us consider the situation with 3m . Minimum 9.92018min Q  of squared deviations (3) was 

observed for the following values of model parameters: 140
0 1097.4 x , 160

1 1061.1 x , 

160
2 102.4 x , 4837.10

3 x , 8439.19A , 0081.00 a , 0018.01 a , 0186.02 a , 

0021.03 a . Analysis of deviations showed that for Kolmogorov–Smirnov test 05.0p ; for Lilliefors 

test 01.0p ; for Shapiro– Wilk test 510p  (Bolshev and Smirnov, 1983; Shapiro et al., 1968; 

Lilliefors, 1967). Thus, Moran – Ricker model with LSM-estimations of model parameters cannot be applied 

for fitting of considering time series. Asymptotic stable dynamic regime is not cycling with length of cycle in 

1000 years or less. 

 

34



 IAEES  

 

 
Fig. 5 Asy
approxima

 

Wit

0  ka

point bel

Poin

0.01 a

about sym

test), wit

equivalen

            

ymptotic stable 
ation of time ser

thin the bo

02.0 , k

longing to 

nt 0.00
0 x

00541, 2 a

mmetry of d

th 97.432% (

nce of Spearm

            

dynamic regim
ries (solid line)

oundaries of

3,2,1,0 , – 

  is equal to 

969 , 0
1 x

00052.0 , 

deviations can

(Lehmann – R

man rank cor

Selforga

            

me for Moran –
) by initial part 

f set  : 

 50000 poin

002023.0

0914.0 , 0
2x

015.03 a

nnot be rejec

Rosenblatt te

rrelation coef

anizology, 2016

            

(a) 

(b) 

Ricker model 
of model trajec

00 0  kx

nts of feasible

approximate

0802.00
2  ,

584  of the 

ted with 99.9

st), and with 

fficient to 0 m

6, 3(1): 25-40

            

with 2m
ctory (broken lin

1.0 , 0k

e set   we

ely.  

 798.10
3 x

feasible set 

9979% signif

97.66% (Ma

must be reject

            

on the plane (
ne) (b). 

2,1, , 0  x

ere found. Pr

84 , 20A

has followin

ficance level 

ann – Whitne

ted with 0.1%

           w

log,(log10 x

20
3 x , 0

obability to f

5404.0 , 0a

ng properties

(Kolmogoro

ey test). Hypo

% significance

www.iaees.org

)g10 y  (a) and

400  A ,

find in   a

00788.0 ,

s: hypothesis

ov – Smirnov

othesis about

e level (t-test

 

 

 

d 

, 

a 

, 

s 

v 

t 

t 

35



 IAEES  

is equal t

level (Sw

serial cor

Asy

outbreak

rate decr

increases

of mode

Kolmogo

forest ins

28-years 

 

 

 
Fig. 6 A
(log10 x
 

Sim

            

to 0.9295). H

wed – Eisenha

rrelation cann

ymptotic dyna

k trajectories o

reases in dom

s in domain w

el trajectory 

orov type; Isa

sects. Thus, w

cycle.  

Asymptotic stab
)log, 10 yx (a)

milar propertie

            

Hypothesis ab

art test); valu

not be rejecte

amic regime 

of various len

main where bir

where it’s les

was theoreti

aev et al., 198

we have goo

ble dynamic r
), and approxim

es (Fig. 7) ar

Selforga

            

out absence o

ue of test “jum

ed with 5% sig

with pointed

ngths. Moreo

rth rate is big

s than one (p

ically explain

84, 2001) and

od backgroun

regime (strong
mation of time se

e observed fo

anizology, 2016

            

of serial corre

mp up – jump

gnificance lev

d out paramet

over, consider

gger than one

parts of trajec

ned in our p

d can be obse

nd for conclu

(a) 

(b) 

g 28-cycle) for
eries (solid line

or fuzzy 16-c

6, 3(1): 25-40

            

elation canno

p down” is eq

vel and must 

ters is strong 

ring regime h

e (parts of traj

ctory 9-11, 18

publications 

erved for vari

sion that larc

r Moran – R
e) by initial part

cycle which i

            

ot be rejected 

qual to 21: hy

be rejected w

28-cycle (Fig

has following

jectory 13-15

8-20, and 26-

(within the 

ious trajector

ch bud moth 

Ricker model w
t of model traje

is realized for

           w

with 31.63%

ypothesis abou

with 20% leve

g. 6a). It con

g important fe

5 and 22-24),

1). Such kind

framework 

ries of outbre

dynamics co

with 3m  
ctory (broken li

r following e

www.iaees.org

% significance

ut absence of

el.  

nsists of three

features: birth

 and this rate

d of behavior

of model of

ak species of

orresponds to

on the plane
ine) (b). 

extreme point

 

e 

f 

e 

h 

e 

r 

f 

f 

o 

 

 

e 

t 

36



 IAEES  

0.00
0 x

0.01 a

rate decr

it’s less t

every 8th

Hyp

(Kolmog

test). Hy

significan

with 13.6

hypothes

Ana

previous 

probabili

9{ P

other pro

In a grou

cycles of

other dyn

 

 

            

0231 , 0
1x

00375 , 2a

reases in dom

than one. Aut
h value of argu

pothesis abo

gorov – Smirn

ypothesis abou

nce level (t-t

68% significa

sis about abse

alysis of poin

cases bigge

ity is much 

08148.0}9 

obabilities ar

up of regimes

f same length

namic regime

            

0768.00 

51048.4 

main where bi

tocorrelation 

ument.  

ut symmetry

nov test), wi

ut equivalenc

test is equal t

ance level (S

ence of serial 

nts of feasibl

st probability

less than th

8 , and it is 

re following

s which are c

hs etc. It allow

es which are c

Selforga

            

, 0.00
2 x

5 , 0.03 a

irth rate is big

function is b

y of deviati

th 99.7% (Le

ce of Spearm

to 0.8982). H

Swed – Eisen

correlation c

le set   sh

y is observed

he same one

bigger than 

g: }8{ P

lose to 9-cyc

ws concludin

close to biolo

anizology, 2016

            

0315 , 0
3x

136  of the f

gger than one

bigger than 0

ions cannot 

ehmann – Ro

man rank corre

Hypothesis abo

hart test); va

cannot be reje

hows that cyc

d for the eve

e of previous

all other pro

02248.0 ,

le, it is possi

ng that within

ogical imagin

(a

6, 3(1): 25-40

            

2691.0 ,

feasible set. L

e (Fig. 7a), an

.995 every 16

be rejected

osenblatt test)

elation coeffi

out absence o

alue of test “j

ected with 20

cles of variou

ent 100{ 

s cases. Big

obabilities for

, }10{ P

ble to point o

n the boundar

ations about l

a) 

            

, 3.19A

Like for previ

nd this rate in

6th value of a

d with 99.99

), and with 8

icient to 0 mu

of serial corre

ump up – jum

% significanc

us lengths be

}00  and is e

g probability 

r sub-events 

0229.0}  , 

out strong 8- 

ries of feasibl

larch bud mo

           w

64 , 0 a

ious dynamic

ncreases in d

argument, and

999% signif

89.48% (Man

ust be rejecte

elation canno

mp down” is

ce level. 

elong to this

equal to 0.77

is observed

of 100{ 

}18{ P

, 9-, and 10-

le set it is po

oth dynamics.

www.iaees.org

00904.0 ,

c regime birth

omain where

d bigger 0.95

ficance level

nn – Whitney

ed with 0.1%

ot be rejected

s equal to 22:

s set. Like in

759. But this

d for 9-cycle

}00 . Several

02566.0 .

cycles, fuzzy

ssible to find

.  

 

, 

h 

e 

5 

l 

y 

% 

d 

: 

n 

s 

e 

l 

. 

y 

d 

 

37



 IAEES  

Fig. 7 A
(log10 x

 

Thu

regimes 

3m , r

on quant

 

4 Conclu

One of 

trajectori

with resp

conclusio

In c

with time

of model

space of 

of statisti

checking

jump dow

statistica

For 

of every 

points w

series fro

distributi

hypothes

hypothes

Null hyp

hypothes

Ana

            

Asymptotic stab
)log, 10 yx (a)

us, use of Mo

which are c

regimes with

itative level b

usion 

very import

ies is determ

pect to origin

on that model

current public

e lags the fol

l parameters p

model param

ical criterions

g of symmetry

wn” for chec

al tests.  

every consid

feasible set w

with extreme p

om the stand

ion cannot b

sis (because p

sis cannot be 

pothesis cann

sis.  

alysis of poin

            

ble dynamic r
); (b) – the same

oran – Ricke

lose to consi

h same charac

but not on qu

ant stages in

mination of pr

n or if serial 

l is not suitab

cation for fitt

lowing proce

points of feas

meters which 

s includes Ko

y of distribut

cking of absen

dered case (fo

were found, a

properties is 

d point of sel

be rejected w

p-value can b

rejected with

not be rejecte

nts with extre

Selforga

            

regime (fuzzy 
e regime but wi

er model with

idering time 

cteristics wer

alitative leve

n analysis o

roperties of s

correlation is

ble for fitting 

ting of larch 

edure was use

sible sets wer

correspond to

olmogorov –

tion of deviat

nce/existence

or different v

and for every

based on fol

lected statisti

with 5% sign

be rather sma

h 20% signifi

ed with 99% 

eme propertie

anizology, 2016

            

(b

16-cycle) for
ithout lines betw

h time lag in

series on qu

re not found (

l). 

of correspond

set of deviati

s observed in

of considered

bud moth tim

ed. First of al

re determined

o deviations s

Smirnov, Ma

tions. It also i

e of serial cor

alues of time

y set points w

llowing idea:

ical criterion

nificance lev

all, for examp

ficance level. 

significance 

es allowed ob

6, 3(1): 25-40

            

b) 

r Moran – R
ween nearest po

n three years

uantitative an

(it is possible

dence betwe

ons. If distrib

n a sequence 

d time series.

me series by 

ll, with the he

d. Feasible se

satisfying to 

ann – Whitne

includes Swe

rrelation in s

e lag in Mora

ith extreme p

: these points

ns. For exam

vel it doesn’t

ple, 0.0p

But stronges

level: in suc

btaining that 

            

icker model w
oints of cycle. 

, 3m , all

nd qualitative

e to point out

en empirical

bution of dev

of residuals 

.  

trajectories o

elp of Monte 

et was define

certain statist

ey, and Lehm

ed – Eisenhar

equences of 

an – Ricker m

properties we

s give best fi

mple, if hypot

t mean that 

06 ). Stronger

st result corre

ch a situation

best results a

           w

with 3m  

lowed obtain

e levels. For

t regimes wh

l time series

viations is no

it gives a bac

of Moran – R

Carlo metho

ed as a set of 

tical criterion

mann – Rosenb

rt test and tes

residuals, and

model) about 

ere determined

itting of cons

thesis about 

we have to 

r result is fol

esponds to sit

n we have to

are observed 

www.iaees.org

on the plane

ning dynamic

r cases when

hich are close

s and model

ot symmetric

ckground for

Ricker model

ods in a space

points in the

ns. Collection

blatt tests for

st “jump up –

d some other

50000 points

d. Finding of

sidering time

symmetry of

accept Null

llowing: Null

tuation when

o accept Null

for situation

 

 

e 

c 

n 

e 

l 

c 

r 

l 

e 

e 

n 

r 

– 

r 

s 

f 

e 

f 

l 

l 

n 

l 

n 

38



Selforganizology, 2016, 3(1): 25-40 

 IAEES                                                                                     www.iaees.org  

when time lag is in three years. In this situation correspondence of theoretical and empirical datasets is 

observed on quantitative (all statistical criterions are satisfied with extreme values of significance levels) and 

qualitative (behavior of model trajectory corresponds to behavior of empirical time series) levels. Provided 

analysis allows concluding that asymptotic stable dynamic regime of larch bud moth is strong 28-cycle (cycle 

in 28 years with three maximum points) or fuzzy 16-cycle (cycle in 16 years).  
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