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A note on the temporal trend of point positions
in the Ukraine area

D.A. Marchenko

State Geodetic Enterprise “WestGeodesCartography”, Lviv, Ukraine

In the development of a standard model of the tectonic plate motion NNR-NUVELI the non-linear form of such model was
proposed with standard modeling of a temporal trend in the linear form. One version of this model in the Ukraine area was
based on weekly determinations of positions of GPS permanent points (within time interval near 3 years).

IIPO YACOBHH TPEH]] IIOJIOJKEHb T'EOQNE3UYHUX ITYHKTIB B PETIOHI YKPAIHU. Mapuenxo JJ.O. — Jusa
poszeumky cmandapmuoi modeni NNR-NUVELI pyxy mexmoHiunux nium 3anpononoséana ii Heniniina gopma 3
MOOENIOBAHHAM 8IKOBO20 MPEHOY 8 PAMKAX Mpaouyiunoi ainitnoi modeni. Ha ochosi wjomusicnesux 6usHaueHs KOOPOUHAm
nepmanenmuux GPS-nynkmie nooyooeanuti éapianm maxoi mooeni s pe2iony Yrpainu.

O BPEMEHHOM TPEHJE ITOJTOXXEHUY I'EONE3HYECKHUX ITYHKTOB B PETHOHE YKPAHUHBI Mapuenxo J{.A. —
s passumusa cmanoapmuou modenu NNR-NUVELI 0sudicenus mekmoHu4eckux nium npeoiodcena ee HeluHeunas opma
€ MOOEUPOBAHUEM BEKOBO20 MPEHOA 8 PAMKAX MPAOUYUOHHOU TuHelHoU Modenu. Ha ochose escenedenvHvix onpedenenuil
xoopounam nepmanenmuvix GPS-nynkmie nocmpoen eapuanm maxou mooenu 015 pecuona Ykpaumwl.

1. INTRODUCTION

As well know an application of modern high-precision positioning requires the consideration of certain
geodynamical effects for an achievement of necessary accuracy. The Earth’s tectonic plate motion is one of such
effects. Nowadays it is recommended to represent these motions (on a global scale) by the well-known model
NNR-NUVELI (see, IERS Conventions, 1996). According to this model the position vector p(¢) of a point for
some moment of time ¢ may be obtained in the /inear formulation from the expression:

p(1)=po +p(t—1), (1)
where p, = p(7,) is the position vector of the same point for the certain initial epoch #, and

0 - Cl)3 (;\)2
p=| o 0 -0 |Ppos 2
@, @y 0

where ®;,®,,®; are time variations of rotation angles around the axes OX, OY, OZ, respectively.

Clearly, these expressions can be based on the linearization of well-known Helmert transformation
(Hofmann-Wellenhof, at al., 1992)

P=D+u-Q(&n.5)py. 3)
in the restricted time—dependent form

p(1)=Q(&(1),n(1).5(1))po, “)
where D is the shift vector, y is the scale, Q(&,1,&) is the rotation matrix Q(&(¢),n(¢),&(¢)), which is described

sequential rotations around the corresponding axes
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Q(E(N.M(1).6(1))=R_ (L())R, (n()) R, (&(1)), ©)

where
1 0 0 cosn 0 —sinm cos¢ sin O
R,(§)=|0 cos& sin&|, R,(m= 0 1 0 |, R,(§)=|-sin cos{ O0]. (6)
0 —sing cos§ sinm 0 cosm 0 0 1

Naturally, in the relationship (4) D =0 and p =1 were assumed and adopted. The model (1)—(2) was used
before for the determination of ®,,®,,®; in the frame of such standard liner problem in the Ukraine area

(O.Abrikosov and D.Marchenko, 2000; O.Abrikosov and D.Marchenko, 2000a). But in practice the liner model
(1)-(2) may be not enough in view of non-liner dependence in (5)-(6). For this reason, the main aim of this paper
is the construction and application of the non-liner model (4)-(6) with the same temporal (secular) trend of the
rotation angels as in (1)-(2).

2. SOLUTION OF NON-LINER PROBLEM

Instead of the model (1)-(2) we will use directly the representation (4) with the next model for angles
§1)=d(t—10), )=y (t-10), &1)=a5(r~10), (7
which were adopted here as the linear functions of time. Thus, we have tried to construct the /inear model of
temporal variations of point positions (especially for the Ukraine area), based on the non-linear formulation or
the formulas (4)-(6) by iterations.
As aresult, we will rewrite (4) in view of (7) and get the following dependence
(1) = Q(&,®,,03,1)py » (3)
where the parameters ®;,®,,®; are considered as definable values. Next step is the linearization of the

expression (8). The expansion (8) into a standard Taylor series gives

o 0 .0 ) 0 .
p(t):(Q(®1’®27w37t)+_.Q'd(‘01 +£.d®2 +£.dm3)'p07 (9)
om, 0w, 04
were do,,dm,,do; is the corresponding changes of ®;,®,,®;, which should be determined. The necessary
derivatives in (9) from Q with respect to the parameter 9§ representing any parameter ®;,»,,®; can be

computed (in the generalized form) to take into account (5):
a—Q:RZRY ORy +R, ORy RX+8RZ R,R,, (10)
09 09 09 09
Now the elementary matrix (6) can be represented here in a more simpler form by applying (7). First

introducing the notations

1 00 000 0 0 0

R =0 0 0, R{=0 1 0|, RS =|0 0 1 (11)
0 00 0 0 1 0 -1 0
000 1 0 0] 1 0 -1

RV =0 1 0], RE=[0 0 0|, RS=|0 0 0], (12)
000 0 0 1] 1 0 0
0 00 1 0 0] 0 10

Ry=0 0 0|, RS=|0 1 0|, RS=[-1 0 0], (13)
0 0 1 10 0 0] 0 00

we come to the following representation of the expressions for matrixes of the elementary rotations
R, =R% +R§ -cosd, (1 —1,) + RS, -sino, (1 —1,) (14a)
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R, =Ry + RS -cosi, (1 —1,) + Ry -siné, (1 —1y) ,
R, =R) + R} -cosi;(t—1,) + R} -sinds (1 —1,) .
Then, after the differentiation of (14) we get
Ry, = —R§ -sind, (t—1,) + RS -cos®, (1 —1,),
Ry, = —RY -sin®, (1 —1,) + R} -cos®, (1 —1,) ,
Rz, = —Rg ~sin(b3(t—t0)+R§ -cosm;(t—1ty),

because the derivatives in (9) admit the next form

0

XQ =Rz -Ry Ry, -(t-1),
0w,

0

Q =Rz Ry, Ry -(t-1),
0w,

0

Q =Rz Ry Ry -(t-1).
00,

Thus the expression (9) can be written as
P(?) = Q(®;,0,,05,( = 1)))pg =
=(t—1p) - (do R Ry Ry, po +dd,R;Ry, Rypg +d;Rz, RyRypg)’

where

P, :d(blRZRYRX(hlpO’ P,, :dd)szRmszpoa P, :d(b3RZd)3RYRXp0'

and we get
P(1) = Q(o, m,, 03, (1 = 1)))pg = (1 = 1y )(P,, -di> + P, -do, + P, -dids).
Again we introduce the new notation
AP = p(1 —15) — Q(y, @y ,03,( — 1) )Py »
and expression (20) can be written now as

do,
AP=(1—1y)-[P, Py, Py ||di, |,

(14b)
(14c)

(15a)
(15b)
(15c¢)

(16a)

(16b)

(16¢)

a7

(18)

(19)

(20)

(2]

It is evident that the equation (21) is valid for any geodetic point and for any time ¢. As a result, if we know
coordinates of N geodetic point for K instant times, the quantities do,,d®,,dw®; can be found on the basis of

least squares adjustment by parameters. These quantities d;,d®,,d®, represent here parameters of the

corresponding linearized equation (21) which leads finally to the system of normal equations

N PIP, P[P, P(;Pms v u P AP
ZZ(t_/—to) PLP, PLP, PP, m=ZZ(tj—t0) PT AP| |
= j=l P/ P, P P, P[P, ; =l j= PT AP ;
with its solution for one iteration .
do,
m=| dw,
do,

(22)

(23)
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Table 1. The parameters of the constructed model for secular trend of point position changes

Parameters Model Differences between 2 models:
(4)—(6) NNR-NUVELI (4)-(6) — NNR-NUVELI
& (0.001"/yr) —0.6715 + 0.0004 -0.202 —0.4695
N (0.001"/yr) —0.1660 + 0.0002 —0.494 +0.3280
é (0.001"/yr) —1.2049 £ 0.0005 +0.650 —1.8549
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Figure 1. Differences between the constructed model and NNR-NUVELI (coordinate X [mm/yr]).
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Figure 2. Differences between the constructed model and NNR-NUVELI (coordinate Y [mm/yr]).
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Figure 3. Differences between the constructed model and NNR-NUVELL1 (coordinate Z [mm/yr]).
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3. MODELLING OF POINT POSITIONS CHANGES IN THE UKRAINE AREA

Rectangular coordinates of 21 GPS permanent points, which surround the Ukraine (obtained by EUREF
Project for GPS permanent points) were taken as initial data for the construction of the model (4)-(6). Most part
of points has weekly solutions over time span 3.5 years. Only one permanent point Goloseevo located in the
Ukraine area (72 weekly solutions) was used in this study. As a result, the model of non-periodic Earth’s surface
displacement was constructed especially for Ukraine area. The computation of the parameters ®;,®,,»; was

done in the frame of above mentioned non-linear problem. These values were obtained from the iterative
solution of the normal system (22) that corresponds to least squares adjustment by parameters (23) for every
iteration.

Table 1 illustrates the computed values of ®;,®,,®; with the corresponding accuracy estimation.. Figure

1, Figure 2, and Figure 3 reflect the differences of rates between the model (4)-(6) and NNR — NUVELI, which
are corresponded to every coordinate X, Y, and Z. Comparison of the constructed model (4)-(6) with NNR-
NUVELI leads to the conclusion that systematic differences near 3 mm/yr in the Ukraine area are hold. More
detail, these differences between two models consist the next values: ox = +2.4mm/ year , 8y = =3.1mm/ year ,

0z = +0.5mm/ year . In contrast to our previous study (O.Abrikosov and D.Marchenko, 2000) based on the

mathematical model of (1)-(2) type, finally we get the essentially better R.m.s. value of the representation of
rates.
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