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TESTING FOR COMMON DETERMINISTIC
TRENDS IN GEODETIC DATA

. P
Tomas Bacigal

Due to a long-term drift of the Eurasian tectonic plate, monitored points (GPS permanent stations) move toward north-
east direction. If analyzed through time series of horizontal coordinates, a linear trend with high level of fit is found. In
our paper, we test the time series of five points for common deterministic trend slopes using multivariate analysis proposed
by Vogelsang and Franses (2001). Getting grouped according to direction, most of the time series clearly follow the same
common trend and similar results were obtained after transforming the north-east system into common trend direction.
However, some points reflects regional effects on position change, which are subject of further study.
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1 INTRODUCTION

In our work we focus on modelling time-series arisen
from observations by NAVSTAR Global positioning sys-
tem (GPS), performed daily in years 2001-2002 on GPS
permanent stations used, among other purposes, for reg-
ular monitoring of recent kinematics of the Earth’s crust
(see [5]). The input data are being in the form of local
topocentric horizontal coordinates (n,e,v - north, east
and vertical) and come from 5 permanent stations de-
noted in an international framework as BOR1 (Poland),
GOPE (Bohemia), POTS (Germany), HFLK (Austria),
PENC (Hungary). However, because of significant trend-
ing behaviour only north and east component is counted
in processing. The at-first-sight-visible north-east linear
movement of the points ascribed to long-term drift of
Eurasian tectonic plate gives us an question, if all the
trends are statistically the same, i.e., if all the time series
possess common linear trend, and thus may be modelled
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with far less parameters. Time series of BOR1 monitoring
are plotted on Figure 1.

2 THEORY

In [1], we test our time series separately for the pres-
ence of stochastic trend, which might contain constant
and linear deterministic component (details in [2]). Af-
ter modelling both of the components, tests shows no
random-walk behaviour in each data set. Here it is of in-
terest to examine if two or more of such a trend-stationary
time series have the same slope. More concretely, do all
the five concerned points (realized by permanent stations)
move to the north with the same upward-moving trend?
The question includes also the west-east direction and
the velocity in the resultant, which we get from common
trend transformation theory, dealt with in [1], too.
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Fig. 1. Time series with linear trending. North and east coordinate.
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Such a hypothesis can be written as linear restrictions
on the slope parameters across the series and we can
apply the multivariate linear trend tests [3]. Consider the
multivariate trend model

21,0 = p1 + Pt +uiy
224 = po + Pat + uzy

2kt = Mk + Bt + Uk

that can be compactly written as z; = p + Bt + uy,
where p and [ are classical constant and linear trend
parameters, u denotes residuals and k is the number of
time series, in our case k = 5. We are interested in testing
hypotheses of the form

HO:Rﬁ:"', 1!R,87é'l", (2)

where R is ¢ X k matrix and r is a ¢ X 1 vector
of known constants. The linear hypotheses of (2) are
quite general, they include linear hypotheses on slopes
within given trend equations (¢ = k — 1) as well as joint
trend hypotheses across equations (¢ = k). According
to [3] we apply two F-tests, both test statistics are func-
tions of the following HAC (heteroskedasticity autocorre-
lation) variance covariance matrix estimator. Let fi and

B denote the stacked single equation OLS estimates and

Uy = 2 — L — ﬁt be the residuals. Define
R ) n—1 ] ) )
QHAC:I‘O+Z(1_E)(PJ+I‘;’F)7 (3)
j=1

which is the Bartlett kernel estimator, where f‘j =
L5 i1 ﬂt'ﬁ,tT_j and L is the truncation lag or band-
width. Usually a consistent Qy Ac 1s needed, yet [3] offers
an alternative, where L = n. Although it does not result
in consistent estimator, valid testing is still possible be-
cause of asymptotic proportionality and moreover it has

certain advantage coming from the choice of bandwidth.
It holds that

%=%2 (4)
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where Sy = j—1 ;. It is also convenient to express an

element of B as

n -1 n
3 = (Z?) (Zfzi,t> fori=1,2,... .k,
t=1 t=1
(5)

where £ = 13" |t and ¢ =t — . Now the first of test
statistics can be defined

n
t=1

1
f?rlm_nRT] (R — ).

(6)

Fy = (RB -’ [R(

Following [3] we also consider an alternative to Qrn
which is constructed using @ instead of . Because
t@, is not a vector of stationary time series, establishing
consistency of HAC estimator would be difficult if even
feasible, yet again if we use L = n, the asymptotic be-
haviour of the HAC estimator can be derived. We can

write
2 n
L=n — _2 E b

- ¢ )
where S; = >, (j
statistic is
Fy=n(RB—7)"
1 n
(ri s
(RB—71)/q.
The null hypothesis in (2) is rejected if test statistic Fy
(F3) exceeds critical value given for ¢ restrictions in [3,
Tab.3 (Tab.2)]. It is worth noting that due to practical
reasons indices of the F-statistics has been swapped in
our work.

The asymptotic distribution theory for these F' statis-
tics is nonstandard and was developed for the case where
the errors are covariance stationary. Simulation evidence
reported by [3] suggests that the F'-tests suffers much less
from over-rejection problem caused by strong positive se-
rial correlation than the compared standard alternative,

whereas the power of F'-s is slightly lower. Finite sample
simulation evidence in [3] also suggested that the per-

formance of the tests are improved when £ estimator is
computed using VAR(1) prewhitening. However, this we
do not do here.

The standard alternative to F; and F5 is a Wald
test based on consistent QH Ac estimator, which uses

(7)

—t)a;, and then the second test

the same Bartlett kernel. For Qg Ac to be consistent,
the bandwidth L must increase as the sample increases
but at the slower rate. As referred in [3], the rate /n
minimizes the approximate mean square error for Q) and
considering this in (3), the Wald test is defined as

-1

R(zn: i) 'QpacR’| (RB—7).

t=1
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Asymptotic distribution of the Wald test is x? with ¢
degrees of freedom.

For reference we recommend to see an interesting ap-
plication of this theory in [4] too.

3 APPLICATION

So we have got 5 time series from permanent stations
denoted BOR1, GOPE, POTS, HFLK, PENC and they
make vector z; in respective order. Table 1 contains OLS
estimates of parameter [ in units mm/year for the north
and east coordinate time series n;, e; and even for com-
mon trend direction time series y; (see [1]).
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Table 1. Trend parameter estimates [mm/year]

point: | BOR1 | GOPE | POTS | HFLK | PENC |
B, 14.2 14.7 14.4 13.4 12.2
Be, 22.3 23.1 21.1 21.5 23.9
By 26.4 27.4 25.5 25.3 26.9

By defining the ¢ x k£ matrix R and g x 1 vector r
b
By
b
b1
the null hypothesis (2) says that the first (reference) time
series has the same slope as the rest of time series. Moving
the zero column in R and filling r with corresponding
parameter, slopes of other series are tested.

We also consider a joint test, when ¢ = k, R is k-
dimensional identity matrix and 7 contains trend param-

b r=

b

— o O O

eter of an average time series, 7, = %Z?:l (n); for in-
stance. Test results are collected in Table 2 and 3, critical

values for F'-tests are given in a separate line bellow. Ev-
ery Wald test statistic is provided with p-value, which
(given null hypothesis is valid) represents a probability
that we get the particular value or even the more contra-
dictory to tested hypothesis, in other words it expresses
a probability the trend slopes are statistically the same.

4 CONCLUSIONS

First to conclude, all the tests confirmed common de-
terministic trend in north direction coordinate for all the
series except for PENC. Although the joint test for ¢ =5
did not reject the null hypothesis due to quite a large set
of variables, from the five tests within equations it is obvi-
ous that this last slope does not correspond to the others.
As for other two variables, e; and ¥;, no significant de-
terministic relation was found. Therefore next we took
foursomes into account (Table 3) removing seemingly
most troublesome series, and observed how it changed the
test statistics. Removing PENC accentuated the common
trend in n;, and pointed slightly at promises in y;. It is
useful now to repeat that slope of y; represents a velocity

Table 2. F, F> and Wald test for all 5 time series and selected triads.

stelfti()rl of Fl FZ VV
/tferxd ‘ Ty | Ct | Yt Ty | [ | Yt Ny  p-value | €t  p-value | Yt p-value
BOR1 1721 96.6 | 501.4 | 16.7 | 57.7|281.0|0.82 0.935| 2.85 0.583 | 13.88 0.008
GOPE 345 | 68.6| 754 29.0| 95.7| 64.6 | 1.43 0.839 | 4.73 0.216 | 3.19 0.526
POTS 22.6 | 215.1 | 314.1 | 19.0 | 209.3 | 171.4 | 0.94 0.919 | 10.34 0.035 | 8.46 0.075
HFLK 32.3 | 159.6 | 415.7 | 31.3 | 188.6 | 215.8 | 1.55 0.818 | 9.31 0.054 | 10.66 0.031
PENC | 143.2 | 338.8 | 526.3 | 198.0 | 170.0 | 290.4 | 9.78 0.044 | 8.39 0.078 | 14.34 0.006
Joint 21.5 | 218.7 | 423.0 | 24.5 | 127.2 | 2189 | 1.50 0.913 | 7.85 0.164 | 13.51 0.019
Critical value for g=4 and a=5%: 46.8 (F1), 43.8 (F2) and for joint test(¢g=5): 70.1 (F1), 78.3 (F2)
BOR1 0.6 14 1.5 1.0 3.2 3.810.03 0.983| 0.08 0.962| 0.09 0.954
POTS 2.4 4.8 3.0 3.8 6.5 291010 0953 | 0.16 0.923 | 0.07 0.964
HFLK 79| 149 11.2 7.9 9.0 7.010.19 0.907| 0.22 0.895| 0.17 0917
Joint 6.0 33.1| 16.5 4.6 | 33.2| 128 0.17 0.982| 1.23 0.746 | 0.48 0.924
BOR1 164 | 27.8 48| 279 | 226 5.0 1069 0.709 | 0.56 0.756 | 0.12 0.940
GOPE 9.5 | 82.6 44| 249 | 783 3.11061 0.735| 1.93 0.381| 0.08 0.963
PENC | 124.2 | 18.7 4.6 | 137.7 | 147 441340 0.183| 0.36 0.834 | 0.11 0.948
Joint 30.8 | 117.9 | 46.4| 33.8 1293 | 26.4|1.25 0.740 | 4.79 0.188 | 0.98 0.807
Critical value for ¢=2 and «=5%: 40.7 (F1), 43.8 (F2) and for joint test(¢=3): 68.7 (F1), 73.4 (F»)
Table 3. Joint test for common trend slope of 4-time-series set.
Stationd Fl F2 %%
from\;et n | (& | Y n | e | Yy N p-value | € p-value | Y  p-value
POTS | 25.1295.0 | 1494 | 36.7 | 131.4 | 94.6 | 1.81 0.771 | 6.49 0.166 | 4.67 0.323
HFLK | 24.5 | 120.6 | 252.7 | 23.4 | 119.6 | 157.3 | 1.15 0.886 | 5.91 0.206 | 7.77 0.100
PENC | 11.5]119.3 | 504.4 | 12.0 | 48.4 | 266.9 | 0.59 0.964 | 2.39 0.665 | 13.18 0.010
Critical value for joint test (g=4 and a=5%): 69.3 (F1), 76.7 (F2)
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in the direction a particular point moves, and does not
contain information about direction.

At last, we tested triads, two of which appear quite
interesting and are summarized in Table 3. First (BOR1,
POTS, HFLK) was found to have statistically the same
linear trend significant for every direction, though the p-
value of Wald test leaves some space for questions. In
short and simple, these three points move in the same
direction and at the same speed. Second (BOR1, GOPE,
PENC) shows no significant harmony in direction, yet it
indicates a common velocity.

Honestly, we don’t know the cause of this minor effects
in tested parameters, there may be some speculations ut-
tered about local instability of given points in particular
direction or some residual systematic components in time
series that weren’t taken into account in model specifica-
tion and which might cause spurious estimates. Never-
theless, although the data visibly show significant linear
trend behaviour caused by tectonic plate drift, the tests
rejected common deterministic trend for two of the ob-
served points. It is subject to study, why this happened.
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