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Abstract. Several methods have been worked out by now to present the changes of weather and its
elements. In this article we present a graphic method where the changes of the different elements of the
weather can be analised with the help of 3D figures. The tendency of changes can be seen well from the
expressive, spatial plots.During the execution of the task several models to prepare the spatial surfaces
(moving average, kriging, spline, inverse distance weighting, and artificial neural network) have been
used and compared. Here the daily amount of precipitation measured at the meteorological station of
Szeged has been analised. For the sake of better demonstration the measurement data with the help of a
digital surface model has been illustrated. In connection with this a graphic display method, with which
the presentation of the tendencies in the changes of precipitation are more expressive then the ones quoted
in the literature has been presented earlier. Our method is presented with displaying time series,
consisting of the daily amount of precipitation of 100 years, which has meant a separate challenge, as the
precipitation data show significant deviation. We have already used the presented method for the

demonstration of temperature and evaporation data as well.
Keywords: digital surface model, precipitation change, artificial neural network, moving average

Introduction

Climate change has become a central question in all fields of life, mainly because of
its agricultural and ecological effect. In particular the examination of weather changes is
important. Temperature and precipitation are important meteorological elements from
the respect of the life conditions of plants. These factors mean not only the conditions
necessary for the life and spread of the plants, but also the most important
meteorological effects in the life of plants [14].

Several methods have been worked out by now for the presentation (visualization) of
variation in precipitation, an important parameter of climate change.

Picture displays are closer to human thinking than large tables containing numerical
data, which give exact information, but are harder to manage and are not suitable for the
presentation of correlations. It can be helpful if we display our data graphically in the
analysis of the calculation results, in a more interpretable form. Methods can be found
for the display of precipitation change, where two-dimensional graphs are used [2, 6, 7].

For the display of monthly (seasonal) and yearly precipitation change with graphs
examples can be found in few publications. In these papers, the authors represent the
seasonal and the yearly changes separately. There is a good example on the two
potentials in rainfall event studies for Keszthely. The traditional prospect was provided
by [11, 12], where graphs were applied to characterise yearly and seasonal variations in
the precipitation of the small town. Another method, the neural network was also
applied for the same data set together with evaporation of Lake Balaton [25]. The
difference between these two applied methods is the chance in visualisation, where the
neural network as a process is beneficial “only” for the eyes of the stakeholders.
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Analyzing the formerly used methods [1, 3, 7] it can be said that they do not give
enough information about the change. It is because no conclusion can be drawn about
the seasonal (daily, monthly) changes on a yearly bases. In a case when we want to get
information about the yearly tendencies from the seasonal changes we have to use
unmanageable amount of graphs (in our case 100 pieces) at the same time.

Our aim was to combine the two display methods (seasonal and yearly) and depict
them on a single graph. To see these two kinds of trends in a single picture, we used the
technology employed in GIS (Geographical Informations Systems), so we displayed the
precipitation data in 3D, with the help of a digital surface model. A similar model has
been reviewed in [16], where the changes in vegetation are presented.

It cannot be ignored during the examination, that the results and the conclusion
drawn from them are highly influenced by the used calculation algorithms. Different
conclusions can be drawn depending on the chosen method from the same starting data
[21]. In order to choose the best procedure from the smoothing and interpolation
methods necessary for the preparation of digital surfaces, we have also compared the
different methods. Besides such models, used in GIS (kriging, spline and inverse
distance weighting) [22], we also used ANN (Artificial Neural Network) which is used
more and more often to model climate changes. An ANN model has been reviewed for
seasonal, global, and climate change in [2], [24], and [1, 2, 8] respectively.

Besides those, mentioned above, we also used another method that is widely spread
for the representation of climate data; the moving average model.

Material and method

The material of the examination was provided by the data of daily precipitation,
measured in Hungary for 100 years (from 1% January 1901 to 31* December 2000),
based on the information collected by meteorological stations of ten cities of the
Carpathian Basin (Vien, Budapest, Debrecen, Graz, Kalocsa, Keszthely,
Mosonmagyardvar, Sarajevo, Szeged, and Zagreb). The precipitation data have been
provided by the Hungarian Meteorological Service, with an accuracy of 0.1 mm.
Because of size restrictions it is not possible to represent all the local data lines of every
meteorological station, therefore the data line of Szeged has been chosen, as this area
represents the typical warm continental weather in our country [3]. Based on
meteorological literature the minimum of precipitation was set to 0.1 mm, the lowest
category for rainfall amount measurements.

A Visual Basic software have been used for the grouping and evaluation of data, and
also for the calculation of the moving average program written in Visual Basic
language. AutoCAD (Autodesk Inc.) and ArcView (GIS by ESRI) programs have been
used for the presentation of the numerical data got by the neural network and the
software. The methods of ArcView have been used for the calculation and presentation
of kriging spline and inverse distance weighting.

Several models have been compared for the display of the calculation and results (the
preparation of drawings). The Artificial Neural Network (ANN) [4], spatial moving
average, kiging, spline and the method of inverse distance weighting [22].

Digital surface model

The digital surface model, an ordinary 3D geometric space (scalar or vector space);
its coordinates:
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r=xi+yj+zk. (Eq.1)
The scalar space can be described by a three variable function:
P=0(x,y,2). (Eq.2)

If we suppose that the space functions have one value, are continuous, and they are
differentiable functions of the space coordinates; and as well the coordinate z depends
only on x and y, then it can be written also as z = f(x,y) [13].

In this task, in the 3D coordinate system, x means the days in the year (1* January —
31" December), y means the years (1901-2000), while z means the amount of
precipitation measured on the given day. This is represented by Fig. I, based on the
amount of precipitation, from which it can be seen that the scalar space is not
continuous and also that no conclusions can be drawn from the figure in its present
form.

Precipitation

Year

Day
Figure 1. The 3D figure of the precipitation measured in Szeged (from 1901 to 2000)

For the geometric representation of the scalar space several methods are known: the
level surfaces (where: @ =@(x,y,z)=konst), the subtle and the space curve’s
perspective and axonometric representation. The latter two methods provide spectacular
graphs, but these are only suitable mainly for qualitative evaluation. For the solution of
the task the subtle display has been chosen, supported by the ArcView program, too.

For the display of digital surfaces several methods are mentioned in the literature
Inverse Distance Weighting, Kriging, Spline, ANN literature [1, 15, 19, 20, 23]. These
cannot be used directly for our — special — case, because the spread of precipitation
changes randomly (stochastically), so we cannot get a surface smooth enough for the
interpolation with the methods mentioned above. If the number of data is decreased,
these methods can be appropriate for the drawing. To reduce the number of the data,
monthly, 5 and 10 year averages were used.

An appropriately finely divided, imaginary net is laid for the drawing of the scalar
space, on the points of space, the cells of which are considered homogeneous. (The
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place of the cell gives the x and y coordinates of the drawing, the value of the cell gives
the z coordinate). As for the preparation of the drawing the knowledge of all the cell
values are needed, the unknown cell data can be determined by interpolation.

The used methods of interpolation:
Artificial Neural Network method, ANN

The literature deals with ANN modeling and its use in detail [1, 4, 8, 18], therefore
we point out only the essence.

ANN is a model which is able to learn and based on biological analogy. It is possible
to recognize hidden connections between data and to solve tasks based on estimation
with the help of it.

The processing unit (the basic unit) of ANN is the neuron, which is shown in Fig. 2a.
The response (denoted by 7) arriving from the outside world or other nerve-cells gets to
the nerve-cell via the synapses. A weight (w) is used in the model to reflect the strength
of the synapses’ response. The incoming responses are summed up on the surface of the
nerve-cell as follows:

xzz;ijwj- (Eq.3)
J=

If the resultant stimulus (x) reaches a threshold, then a response (y) is formed, which
is passed on to the next nerve-cell. Let the “transfer function™ of the nerve-cell be f, this
way the formed response is:

y=Fiw)- (Eq.4)

The simplified structure of the ANN model which is formed by nerve-cells. It is used
to solve this task as presented by Fig. 2b.

(a) (b) Inputlayer | Hidden layers | Output layer

I3
w
Y
1-3_\4/3( Y

1

Figure 2. The model of the nerve-cell and the neural network

The response receptive (sensory) cells form the input layer. Here are as many
neurons as the kinds of input data (variables) belonging to a task. In this case these are
the coordinates of x (days) and y (years).

The next (hidden) layers represent the nervous system, where the neurons of a layer
can be connected to each neuron of the previous layer. Several theories have been arisen
to determine the number of the necessary neurons. Experience shows that it cannot be
determined exactly, therefore the up-to-date simulation (modeling) softwares can
change the number of sub-layers and neurons according to need. In our recent task three
sub-layers and for each layer 22 neurons were used.
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The answer given to the stimuli — just like in the nervous system — appears on the
output. In the output layer the number of the neurons is equal to the number of the
output (result) values, our amount of precipitation.

The sign arriving from the input neuron gets on each neuron of the next level after a
multiplication with a weight (w;). The signs arriving on the neuron are summed up, then
according to the transfer function, they appear on the output of the neuron. From here
they get on to the neurons of the next layer multiplied with weight typical of the
connection. This goes on until the output layer is reached. In the more complicated
models — just like in reality — connections can be formed not only with the neurons of
the next layer, but also with the ones in any layer, even a feedback is possible, so the
sign appearing on the output can get back to the previous layer too.

For the use of ANN the weights (w;) must be determined, this is the teaching process.
During learning the weights are determined based on known, connected data (results of
measurement), in a way that the difference between the values got on the output of
ANN and the known, measured data would be smaller than the given mistake.

Fig. 4. was made with the help of ANN, which demonstrates the yearly and seasonal
changes well.

Kriging method [5, 22, 23]

The point of the method is that the result is calculated from the weighted average of
the known data in a way that the deviation of the results would be minimal. The method
examines how fast the deviation of the spatial points changes. This can be determined
with the help of the so called variogram (semi-variogram) function which gives half of

the square aggregate of the value differences gear to the distance between the points:
n(h)

1
y(h) = T(}Z)Z(ZE ~Z, ), (Eq.5)

where P’s are the measurement points, from where the known (V4 Rw)values can still
be found within / distance. The Z(F;)value of the point P, to be calculated is

estimated by the weighted average of the Z(P,) value of n numbers of P, points. That
1s,

Z(R)=Y 5 2(R). (Eq.6)

where z s; =1. This is the case when the deviation of the estimation is minimal.
i=1

S.’s can be determined by the S, = K 'C, matrix equation, where the elements of K

(the Krige matrix) and C, can be calculated from the variogram.

Inverse distance Weighting method [5, 22]

The essence of the method is that the unknown data, based on the neighboring
(known) data are determined in a way that the farther a point ( P,) is the less effect is has
on the result. It is taken into consideration with weight
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—_ i=1 1
Z, = 1 (Eq.7)

where:
Z, the searched value,

d. the distance from the known i point,

1

Z,  the value of the known i point,

w  weight.
In the case of a surface we have:

X, - X,

Y = .
i 1

i=1 |Xe -X, !

As a result of weighing the effect of distant point is irrelevant, that is why in practice
the effect of data is not taken into consideration beyond a certain distance (range).

Spline method [5, 10, 17]

If the scalar fieled is smooth enough then the so called “flexible thin membrane”
model can be used for interpolation, where the surface can be approximated with
polynomials of degree 3.

The P(u) curve is determined by the parameters ( P,) of the known n+1 point.

(Eq.8)

Pu) =Y PN, (). (Eq.9)

i=0
where N, (u) is the weight function, the parameter k is the degree number which gives

the smoothness of the curve.
In case of surface modeling a surface is made as the Descartes product of two curves:

n n

P(u,v)=> > P N, (N, () (Eq.10)

i=0 j=0
Fig. 5 shows the results of the different interpolation methods.

Moving average method

Another way of creating a surface which is smooth enough for the representation of
the digital surface model is the moving average method. According to [9], the model in
2D is given by:

1 N
A = > X, Eq.11
] 2N+1j:_N i+ ( q )

where N is the number of neighbors taken into consideration at the calculation of
average.

As we dealt with 3D data spatial moving average had to be used:
1 N N

MA & =——F— X. ... Eq.12
i,] (2N+1)2 kz Z i+, j+k ( q )

==NI=-N
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The results made by the consideration of different numbers of neighbors are shown in
Fig. 6.

Results

Based on the precipitation data measured in Szeged Fig. 3 was made with the
ordinary methods. It contains the changes in yearly precipitation, and the seasonal
changes between 1931 and 1940. It can be seen in the figure that there is a tendency of
slow decrease in the whole amount of precipitation and the seasonal changes can be
observed too.

Annual change

1000

800

600 q /\ A A P /\/\ /\
S YA ATA AR YA YAV M Al A\

| AV

200 v

2000 1

Seasonal change

800
700
500

300
200

January February March April May June July August September  October November  December

Figure 3. Precipitation yearly and monthly changes measured in Szeged

But the figure does not provide enough information about the changes, as no
conclusion can be drawn about the seasonal changes from the yearly tendencies; and no
information can be gotten about the yearly tendencies from the seasonal changes.

But the 3D presentation gives the opportunity for the joint presentation of the yearly
and monthly (seasonal) data (Fig. /). It can be seen in the figure that precipitation
consists of random, independent data. That is why it is necessary to place a smooth -
enough surface on the set of points which shows the changes in a well interpretable
form.

We have tried several methods to prepare the 3D surface/digital surface in order to
be able to compare data: ANN (Fig. 4), kriging, inverse distance weighting, spline (Fig.
5). It was necessary to decrease the number of data for the interpolation and reaching
the smooth enough surface which was achieved by the use of monthly and 5 and 10
years averages. Kriging’s method turned out to be unusable several times becouse of
smoothness problems.
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Figure 4. Monthly precipitation changes in Szeged with NN

What remains is to draw a few easy conclusions from the coming figures

In this article we have presented a 3D display method which allows on expensive and
brief way of drawing conclusion. Visualization makes the recognition of tendencies on
easy task.

Fig. 4 which was made with ANN, shows both the seasonal change (axis x) and
yearly tendency (axis y) at the same time, unlike the traditional graphical representation
(Fig. I). The figure shows well that the most amount of precipitation at the beginning of
the last century was, at the end of June. Then, from 1930, it is shifted to May and to the
beginning of June. From 1960 it is continuously being shifted towards July. Winter
(January, February) change is conspicuous where the amount of precipitation
continuously decreases.

It is also conspicuous that the most precipitation was between 1930 and 1940, and
that around 1950 the beginning of fall and winter was dry. Furthermore, the amount of
precipitation decreases towards the end of the century. This tendency can also be seen in
the “traditional” Fig. 3.

Fig. 5 has been made with a different interpolation method. It can be seen that the
illustrated distribution of precipitation is similar to the one in Fig. 4. in case of the
traditional interpolation methods the known (existing) data affects the final result much
more; so these values in the figure appear as a well separable, discrete spots. Fig. 4,
made by ANN, is more balanced (smoother), so the drawing made this way shows the
tendencies of the changes more expressively.
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Figure 5. Monthly precipitation changes with interpolation methods

Fig. 6 has been made with the method of moving average, where we examined how
the distance (number of neighbors) used with the model, affects the plot. In case of 5
neighbors, the surface is not smooth enough, but certain tendencies (e.g. seasonal
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changes) can still be recognized. In case of 10 neighbors the similarity to the former
interpolation methods can be recognized in the figure; for example January and
February is getting drier and drier with the increase of the years. This tendency can be
seen in the figure with 20 neighbors, too.
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Figure 6. Monthly precipitation changes with moving average methods
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Summary

The daily amount of precipitation measured at the meteorological station of Szeged
has been analyzed in the course of our job. The measurement data is represented with a
digital surface model for the sake of better demonstration; in connection with this we
reviewed a graphical display method, which we made the demonstration of the
tendencies of precipitation changes more expressive compared to the quoted literature
with.

The method review in this article was used successfully for the analysis of other
climate data - e.g. temperature, evaporation — as well [25].

According to the case study above, the method is suitable to represent other,
meteorological, ecological or environmental pollution time series. We suggest its use
where the aim is to monitor the seasonal and yearly tendencies.
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