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PARAMETER ESTIMATION FOR THE DISCRETE
KOLMOGOROV POPULATION DYNAMICS SYSTEM®

Dimiter P. Tsvetkov, Lyubomir Ya. Hristov, Ralitsa L. Angelova-Slavova

In this paper a discrete modification of the population dynamics Kolmogorov system
(n-competing species problem) is considered. An exact formula about statistical
estimate for the parameters of the system by means of the least squares method is
presented.

Introduction. The differential system of logistic type for collaboration or concur-
rence among n species (or among n resources) is given by the equations (e.g. [1], [2],

[3])
1 = a1 (o1 + Br1x1 + Praxe + -+ + Binn)
(1) &y = 9 (g + fo121 + Po2xa + -+ + Ponn)

i'n = Tn (an + ﬂnlxl + ﬂn2x2 +-- 4+ ﬂnnxn)
where the positive variables z, k = 1, 2,...,n, describe the amount of the corresponding
species, the parameters oy and (i are connected with the self-growth and the inner
interaction, and the parameters J3;;, ¢ # j, describe the state of the interaction among
the species. Usually we have aj > 0 and Six < 0 which defines a logistic type dynamic
for the separate species with missing external effects. If 3;; >0 (8;; <0), @ # j, then
the particular species j effects positively (negatively) on the growth of the particular
species 4. In the typical case system (1) has a stable limit behavior.
System (1) has a discrete analogue

Igt) = Igtfl) + xit’” oy + 51130?71) + 51230g71) +-+ 517@%71)
2 = D 0D (o0 4 300D 4 gD gy 07D

(2)

I%t) = ngl) + xSLtil) (an + ﬁnlxgtil) + 6n2xgt71) + -+ Bnnx'gfil))

where ng) defines the amount of the species k at the moment ¢. Assume that we are

given the data with observations at the moments ¢ = 1,2,..., N. Then we have an
opportunity to check out the model validity of (2). The parameters oy, and 3;; will be
estimated according to the data by means of the least squares method.
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Parameter estimation . Introduce the notations
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Then the system (2) can be written in the concise form
(3) @t =x4—1 + Li—1 (o + Bry—1)
and after the setting
ar Pu Pz o Pin

1 az  fa1 Paz o Bon
yt:( )a B:(OéB): : : : .. :

n Pni Bnz o Ban
the system (3) accepts the form
(4) = -1 + Li—1Byi—1.
The least squares estimation is connected with the minimization of the following cost

function

|SCt — Tt—1 — Ltleyt71|2

WE
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=> (v — w1 — Li1Bys-1)" (w1 — -1 — Le—1 By 1),
t§2 ;
Y= Z (Lt__ll (SCt - xtfl) - Byt71) LtT_lLtq (Lt__ll (SCt - xtfl) - Bytq)a

t=
which after the setting
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(5) © = Z (ret; — Bys_1)" Si_1 (rety — By_1).
t=2

accepts the form

Before going further let us solve the following auxiliary task. Suppose we are given
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the vectors a(y) € RP, by € R? and the symmetric positively defined (p X p) matrices
Dy, k=1,2,..., K. We are looking for a (p x ¢) matrix A which minimizes the function

Y = Z )" Dy, (agmy — Abgy)-

Using straightforward calculations one can find that the matrix derivative g—ﬁ is given
by the formula

10v
56_14 ZDka(k)b(k) +ZDkAb(k)b(k)
k=1
To find A we shall annul the gradient by solving the matrix equation g—jﬁ = 0 which
leads to
K K
> Dragwblyy = >_ DeAbubly:
k=1 k=1

One can transform the last by means of the vectorization vec (-) and the Kronecker
product ® (e.g. [4], [5]). Then it turns into the form

<§: ((b%)“ﬁ)) ® Dk)) vec (E) = (i ((bw)bﬁ)) ® Dk)) vee (A),

k=1

which has a solution

(6) vec (A) = <§: ((b(k)bﬁ)> ® Dk)> 7 (i ((b(k)aa)) ® Dk>> vec (E).

k=1

Now we are able to apply the result of (6) immediately to the cost function defined
in (5) and in this way to prove the validity of the following theorem.

Theorem. Let we are given the data (:c(t)). Then the least squares estimate for the
parameters

ar P Pz o B

az  far Paz o Bon
B=1 . . ) . .
an Bn1r Bn2 0 Bun
of the system (2) is obtained from the formula

(7)  wece( <Z Ye-1Yi1) @ Si— 1)) (Z ((yt_lrettT)®St_1)> vec (E)

t=2
where
xgt) 0 .o 0
(t)
1 0 o 0 B
Yt = < Tt ) ’ St - Lz—'Lt; Lt = : : 2 . ‘ R T@tt - Ltjl (xt — l’tfl) .
0 0 oo g®

and E is the corresponding identity matrix.
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Example. Obviously the model (2) can be applied to the dynamics of items with
various background (different from biological species).
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Fig. 1. Data vs model values plots about four currencies (500 days period)

We apply our model to financial data — four currencies: USD (United States Dollar),
JPY (Japan Yen), RUB (Russian Ruble) and CHY (China Yuan). Initially we shall use
data from the Central European Bank for 500 working days (approximately 2 years)
starting from 1 April 2005 and ending in 14 March 2007. This period is characterized by
a relatively stable USD, robust global economy without intensive military conflicts. In
this case the model looks adequate to the data (see Figure 1). The estimated parameters
are given below.

Table 1. The values of the estimated parameters (500 days period)

a, B B.> B B..

USD | 0.0244 | -0.0341 | 0.0001 -0.0008 | 0.0027
JPY | 0.0775 | 0.0909 -0.0004 | -0.0017 | -0.0080
RUB | 0.0216 | -0.0261 | 0.0001 -0.0008 | 0.0027
CHY | 0.0284 | -0.0169 | 0.0001 -0.0008 | 0.0010
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The signs say that the RUB rivals to all the rest while the JPY cooperate with them.
Also the CHY shows a positive inner push (844 = 0.001) which is a possible indicator to
an instable growth.

Now we shall increase the data period until the model looks to fit the data well enough
(see Figure 2).

Fig. 2. Data vs model values plots about four currencies (800 days period)

It includes 800 working days starting again from 1 April 2005 and ending in 20 May
2008. This period ends around the beginning of another crisis. The estimated parameters
are given below.

The USD now shows a positive inner push (817 = 0.0138) and meets the rival of the
RUB and CHY. The impact of the JPY is minor.

Finally let us include two another currencies: GBP (Great Brittan Pound) and CHF
(Swiss Franc) for the same 800 days period.

The USD confirms either the positive inner push (817 = 0.0183) and the rivalry almost
of all the rest but the CHF, which cooperates with all.

The next period faces with a very poor model data fit. More detailed explanation of
the results stays beyond of the scope of the economical skills of the authors.

Conclusions. The model applicability depends essentially on the relative stability
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Table 2. The values of the estimated parameters (800 days period)

a, B, B.. Bes By

USD | 0.0295 | 0.0138 | 0.0000 -0.0005 | -0.0029
JPY | 0.0581 | 0.0241 | -0.0001 | -0.0016 | -0.0015
RUB | 0.0248 | 0.0110 | -0.0000 | -0.0007 | -0.0014
CHY | 0.0308 | 0.0130 | 0.0000 -0.0006 | -0.0027

Table 3. The values of the estimated parameters (800 days period, six currencies)

o, Ba1 B.. Bas Bus B.s Bes

USD | 0.0209 | 0.0183 | -0.0001 | -0.0015 | 0.0136 -0.0007 | -0.0032
JPY | 0.0778 | 0.0538 | -0.0003 | -0.0383 | 0.0191 -0.0018 | -0.0043
GBP | 0.0443 | 0.0441 | -0.0002 | -0.0461 | 0.0133 -0.0004 | -0.0046
CHF | 0.0356 | 0.0080 | 0.0000 -0.0125 | -0.0185 | -0.0003 | -0.0004
RUB | 0.0087 | 0.0105 | -0.0001 | 0.0060 0.0143 -0.0008 | -0.0012
CHY | 0.0270 | 0.0192 | -0.0001 | -0.0052 | 0.0113 -0.0007 | -0.0032

of the macro environment. The important model information is hidden in the signs and
the magnitudes of the estimated parameters. One additional option of the model is the
existence of limit amount values for the species, which are obtained from the formula
Zhim = —B 'a. Conceivably these values may be used for prediction purposes but our
experiments show that they appear non-realistic.

Perhaps usual environment along with a positive USD inner push and total rivalry of
the rest may serve as a specific indicator for the soon upcoming ”up-down” trend change.

The model described permits generalization by adding another autoregressive terms

xy =x4—1 + Li—1 (0 + Bixy—1 + Boxi—2 + - - + BpTi—p)
but probably it does not lead to the efficient improvement of the basic model (3).
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OIEHKA HA ITAPAMETPUTE 3A IJMCKPETHA CUCTEMA HA
KOJIMOT'OPOB OT IIOIIYVJIAITMOHHATA JTUHAMUKA

Jdumvursp II. IIBerkos, JIrobomup . Xpucros,
Panuma JI. AurenoBa-CiaBoBa

B Tasu crarus ce pasriexjaa AuCKpeTHa MoauduKalys Ha cucrema Ha Koamoro-
POB OT HOIyJIAIMOHHATA JUHAMUKA (CHCTEMAa 3a ChCTE3aHME MEXKJy n-Buaa). [Ipes-
craBeHa € TOYHA (POpMyJa 38 CTATUCTUIECKA OIEHKA HAa IMapaMeTPHUTe Ha CHCTEMATa
IIOCPEJICTBOM METO/Ia HA Hali-MAaJIKUTE KBaJPaTH.
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