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The dynamics of a shallow-water flow over topography
Part II. Numerical experiments

I. Szunyogh

Department of Meteorology, Ebétvds Lordnd University,
Ludovika tér 2, H-1083 Budapest, Hungary

Abstract—If a numerical approximation to the shallow-water system of equations conserves
the total energy and the potential enstrophy, the purely rotational interactions will satisfy
the Liouville theory of statistical physics. It means that in the absence of divergent vorticity
forcing (energy flow from the divergent part to the rotational part of the kinetic energy),
the rotational kinetic energy evolves toward a two-dimensional equilibrium. The divergent
forcing is controlled by the conservation of potential enstrophy, thus the two-dimensional
approximation well describes the temporary spectral distribution of the rotational kinetic
energy. In order to examine the acting processes, numerical experiments were carried out
by a well-known kinetic energy and potential enstrophy conserving scheme, which takes into
consideration the effect of the bottom topography. The numerical model was integrated for
sinusoidal-shaped, but different maximum-height topographies until the “energy catas-
trophe”.

In the presented experiments, the quasi-two-dimensional constraints cannot control the
rotational kinetic energy of the wavenumbers higher than five. This fact leads to the
“energy catastrophe”, which occurs when the divergent kinetic energy approaches an
equipartition among the higher wavenumbers, and in this way, the time of the “energy
catastrophe” is approximately independent of the height of the topography. These results
show that the main cause of the energy catastrophe in a discretized Eulerian model is the
restricted number of the potential vorticity type invariants in addition to the absence of the
parametrization of the subgrid processes.

Key-words: Liouville theory, quasi-two-dimensional equilibrium of the rotational kinetic
energy, equipartition of the divergent kinetic energy, energy catastrophe.

1. Introduction

In the first part of this paper (Szunyogh, 1993b, hereafter referred to as Part
I) the quasi-two-dimensional behavior of the shallow-water flows has been
examined from a theoretical point of view. It has been shown that the
conservation of potential vorticity type invariants plays a principal role in the
control of the vorticity type quantities. The most important invariant of this type
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is the potential enstrophy, which provides the quasi-conservation of the
enstrophy for properly chosen initial conditions. For these initial conditions in
a given period of time the shallow-water flows possess quasi-two-dimensional
features.

In Part I, it was supposed that the rotational kinetic energy evolves toward
a two-dimensional equilibrium, which is determined by the temporary value of
the rotational kinetic energy and the enstrophy. However, this consideration is
valid only in the case when the purely rotational interactions satisfy the
Liouville theory of statistical physics. It is well-known that the necessary
condition in Liouville theory is satisfied in the continuous case (Kraichnan,
1975), but it is not straightforward in the case of the finite-difference equations.
In Section 2, it will be shown that if a numerical scheme conserves the total
energy and the potential enstrophy for a nondivergent shallow-water flow, the
above condition is satisfied and considerations of Part I can be applied to
numerical models. For the sake of more detailed examination of the acting
processes, numerical experiments are carried out by a numerical scheme
suggested by Arakawa and Lamb (1981). This scheme conserves the total
energy and the potential enstrophy even if the effects of the mass-divergence
and the bottom topography are taken into account. The only problem is that
higher moments of the potential vorticity are not conserved, or, in other words,
the individual conservation of the potential vorticity is violated, but this is an
avoidable error of Eulerian numerical schemes (Szunyogh, 1993a). The general
description of the experiments is presented in Section 3, and the results are
demonstrated in Section 4. Finally, Section 5 summarizes the main conclusions
of both parts of this paper.

2. How to choose the numerical scheme?
Eq. (Part I. 17.a) can be rewritten in the form

%E_ = (¢ +f£,A"'{) + DF, (0]

where the term

DF = - +f)% 2

is the divergent vorticity forcing. According to Eq. (1), in the absence of
forcing (DF=0) the time evolution of the rotational kinetic energy is governed
by the equation

= = ¢ +£a70). )

In the continuous case the spectral form of Eq. (3) satisfies the Liouville theory
via the satisfaction of the necessary condition
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for all k, where ¢, denotes the components of the prognostical vector variable
in the spectrally transformed Eq. (3) (for the exact definition of { see
Kraichnan, 1975; Basdevant and Sadourny, 1975), and the rotational kinetic
energy evolves toward a two-dimensional equilibrium. However, for discretized
model equations the condition (4) is not satisfied automatically, and the
important question arises whether it is possible to find a numerical scheme
which satisfies the Liouville theory.

In the following, it is shown that the condition (4) is held if the applied
finite-difference scheme conserves the rotational kinetic energy and the
enstrophy for flows satisfying the condition DF(¢)=0. Discretizing the Eq. (3)
by a finite-difference scheme in the the first step, and transforming the
discretized system of equations by a discrete Fourier transformation in the
second step, the system of governing equations takes the form

a, > 5 i 5
E=Z;Cw"f e bik=1,.,N° +2N, ®)

J

where the wavenumbers (sometimes referred to as pseudo-wavenumbers)
K; ( j=1,..,N’>+2N) are defined by the eigenvalues sz of the finite-difference
Laplacian, which is used for the approximation to term A~'¢, while the
coefficients Cijoks @(i,j,k=1,..,N*+2N) are depending on the numerical ap-
proximation applied to the two-dimensional Jacobian 4(.,.) (for further details
see Appendix). In this way, the Liouville theory is satisfied if

YV i,k (i,k = 1,...,N2+2N):c,.,i,k =0, (6.2)
Vij(@j= 1,...,N2+2N):cu’i =0. (6.b)
Under the conditions
N2 Nj2
g (7.2)
E,= Y Y (VA™), =const,
m=-Nj2 1=-NJ2
N2 N2
z=Yy Y C,2n'1=const, (7.b)
m=-Nj2 I=-NJ2

if DF(¢)=0, the system of spectral Eq. (5) conserves both the rotational kinetic

149



energy and the enstrophy, since the quadratic quantities satisfy the following
equalities:

N2  Np2 N242N
Y ¥ enier=2 Yy (N (8.2)
m=-NJ2 I=-N|2 i=0
N2 NpR 5 N2+2N .
Z E Cm,l=2 E e (8.b)
m=-NJ2 1=-NJ2 i=0

where the rotational kinetic energy and enstrophy of the system of Eq. (§) are
defined by the right-hand side of Eq. (8.a) and Eq. (8.b), respectively.
However, the conditions (7.a) and (7.b) are held for a given system of
discretized equations if and only if

VY ik (bjsk = 1,.,N*+2N): €)= —Cp s ©.a)

Y ij.k (ijk=1,...N2+2N): Cope™ ~Crap ©.b)
respectively (Szunyogh, 1993a). From (9.a)

V i,j (ij = 1,..N*+2N): ¢;;, = -¢,,, =0, (10.2)
while from Eq. (9.b) and (10.a)

Y i,k (i,k=1,..,N*+2N): Cir™ —Cpi =0, (10.b)

which implies that the condition (4) is satisfied according to (6.a) and (6.b).

When the numerical scheme conserves the total energy and the potential
enstrophy for the whole system of shallow-water equations, the rotational
kinetic energy and the enstrophy are conserved quantities for flows satisfying
the condition DF(r)=0. Therefore, for these schemes the purely rotational
interactions satisfy the Liouville theory and the rotational kinetic energy
spectrum can change only as a result of the divergent vorticity forcing.
However, it is worth to mention that the condition in the above presented
statement is valid even for a much wider group of the numerical schemes than
the group of the potential enstrophy and the total energy conserving schemes.
On the other hand, the conservation of the potential enstrophy together with the
conservation of the total circulation provide a realistic (continuous-type) control
for the enstrophy via Eq. (Part I. 23).

Summarizing, a total circulation, potential enstrophy, and total energy
conserving scheme is an optimal model to investigate the spectral energetics of
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a shallow-water flow in the sense that it provides the quasi-conservation of
enstrophy in addition to the satisfaction of the Liouville theory for the purely
rotational interactions.

3. Numerical experiments

Numerical experiments were carried out by a finite-difference scheme which
conserves the total energy, the circulation and the potential enstrophy (Arakawa
and Lamb, 1981); therefore this model satisfies the optimum condition which
was derived in the previous section. The domain used in numerical experiments
is bounded by x,y=0 km, and x,y =1920 km, where cyclic boundary conditions
are applied in both directions. The Coriolis parameter fis 10™*s™"', and the
acceleration of gravity g is 9.8 ms™2. The bottom topography is sinusoidal-
shaped and generates divergent kinetic energy only at the wavenumber K=1.
Experiments were carried out with three different maximum-height bottom
topographies: A_ _ =1km, 2 km, 3 km. The grid size in every experiments is
d=60 km. The time derivative is approximated by leap-frog differencing and
Heun scheme in the first and once in every 50 time steps, while the time
interval is Az=1min. The initial condition is a uniform zonal current of 10 m/s
with A(x,y,t,) =5 km height of the free surface. It should be mentioned that for
these initial conditions DF(t,) =0, but dDF/d(t,) #0.

In both three experiments, the governing equations were integrated until the
“energy catastrophe”, when the numerical invariance of the total energy and the
potential enstrophy is violated. The computation has broken down after 6200,
6100, and 5700 steps for A, =1 km, 2 km, and 3 km, respectively, as a
consequence of overflow errors.

In order to compute the detailed spectral distribution of kinetic energy, the
velocity field was splitting into its rotational and divergent parts V., and V,.
Computing double discrete Fourier transforms of ¥,, and V,, the rotational and
divergent kinetic energy spectra may be evaluated by

E, (K) =V.(K), (11.2)
E, (K) =7 (K), (11.b)

respectively, where the wavenumber K is defined by the eigenvalues of the
finite-difference central Laplacian as

K*(p,q) = (N/n)? (sin’[ pn/N] +sin’*[qn/N]). (2

In order to describe phase errors associated with Eq. (12), the number of modes
in wavenumber bands of unit width related to Eq. (12) may be computed and
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the result of this computation can be found elsewhere (Bennett and Middleton,
1983; Szunyogh, 1992).

On purpose to describe more accurately the spectral changes of energy, the
energy of individual modes were summed in each wavenumber bands of unit
width, thus figures of this paper show the so-called band-summed energy
spectra. However, in the case of the spectral computations the time evolution
of the energy is presented only for 4,, =3 km, because of the strong similarity
to the other cases.

4. Results and discussion

The time evolution of kinetic energy (Fig. 1) shows periodic changes in the
first 5000 timesteps, but, as it can be seen, the amplitude of the changes is a
function of the maximum height of topography. However, in this first period,
the frequency and the amplitude of the energy oscillation do not change for a
given experiment and the numerical instability occurs accidentally in the model
in all three cases. Control computations have shown that in the first period of
the sudden energy increase the model could allow the conservation of total
energy and potential enstrophy, thus these conservation laws were violated only
in the last few timesteps as a result of the numerical instabilities.

x 1000 J/kg

88 -

78 -

Fig. 1. Time evolution of the total kinetic energy for the different maximum height topographies
(et Bgpa =3 km, DR =2 km, ----—- t hgee=1 km).
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Examination of the time evolution of kinetic energy is a proper way to
detect main energetical changes in the model, but in this way we cannot obtain
information about the causes leading to the sudden increase of the kinetic
energy. Therefore, for the sake of deeper understanding of acting processes,
time evolution of the rotational and divergent parts of kinetic energy (Fig. 2,
and Fig. 3) have been computed. It can be seen that the rotational kinetic
energy shows the same periodic changes as the total kinetic energy, which is
not surprising if we take into consideration that the rotational part of the kinetic
energy is at least three orders of magnitude higher than the divergent part of the
kinetic energy. On the other hand, the divergent part of the kinetic energy
shows higher frequency changes and the strong increase is started about after
5000 timesteps. In addition, it can be stated that the time evolution of the
different types of energy is very similar for the different height topographies.
More accurately, although there are considerable differences between the
amplitudes of changes, there are no significant differences between the
frequencies and the times of the energy catastrophe.

According to the earlier theoretical considerations (Part I) it can be expected
that the sudden rotational kinetic energy increase is started when the quasi-two-
dimensionality of the flow is violated. Taking into account the above mentioned
theoretical considerations, the best index parameter of the quasi-two-dimension-
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12~

e

peser

o oo
ot
ST e——

wesnntz;
esssrsssssassedorrest

ey

e

et s esesversnserassassesess
<

-

Fig. 2. Time evolution of the rotational part of the kinetic energy for different maximum height
topographies. The meaning of the lines is the same as in Fig. 1.
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ality is the average wavenumber whose time evolution is presented in Fig. 4.
The model shows two-dimensional time evolution until the “energy catastrophe”
since the average wavenumber remains under the value K, =2, which defines
an extremely stable “negative temperature” equilibrium for the spectral
distribution of the rotational kinetic energy (Szunyogh, 1992). This means that
the statistical mechanics of shallow-water flows are controlled by two-
dimensional constraints, which provides extreme stability of the model in a
statistical mechanical sense.

Jikg

80 -

i
60 - i
H
H
H

———

4
x 1000 steps

Fig. 3. Time evolution of the divergent part of the kinetic energy for the different maximum
height topographies. The meaning of the lines is the same as in Fig. 1.

Since the applied numerical scheme provides the conservation of the the
enstrophy and rotational kinetic energy in the absence of the divergent
processes, purely rotational interactions cannot change the average wavenum-
ber. In other words, the only effect which can produce an increase of the
average wavenumber is the divergent vorticity forcing. More accurately, this
forcing can increase the average wavenumber if it produces rotational kinetic
energy at wavenumbers higher than the temporal average wavenumber of the
flow. More specifically, average wavenumber changes are governed by spectral
characteristics of the term DF(r). In the presented experiments, at the first step
the term DF(r) is zero due to the initial conditions, thus there is no rotational

154



kinetic energy forcing. However, beginning with the next step the forcing term
differs from zero since the topography necessarily produces divergence
according to Eq. (Part 1.17.b). The term DF(¢) is nonlinear as it can be seen
from Eq. (2), therefore it can exchange the rotational and the divergent kinetic
energy between different scales of rotational and divergent motions. It means
that the divergent motion of a given wavenumber can produce rotational
motions which is related to a higher wavenumber than the divergent process
itself. This statement is valid only in the presence of rotational motions in the
flow which can be described by wavenumbers higher than zero. In the presented

10-'- (

4
x 1000 steps

Fig. 4. Time evolution of the average wavenumber for the different height topographies.
The meaning of the lines is the same as in Fig. 1.

experiments, the initial forcing occurs at the wavenumber K=1 (due to the
spectral characteristics of the topography), while there are no rotational
motions associated with wavenumbers higher than zero (due to the initial
conditions for the velocity components). In this way, the rotational energy is
forced under the wavenumber two. Unfortunately, this is true only in the first
few steps since, as it was stated in Part I, the divergent kinetic energy evolves
toward an equipartition among the wavenumber modes. It follows that the
divergent kinetic energy flows to the higher wavenumbers independently of the
wavenumber, where the divergent energy is fed into the model. The validity of
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these ideas has been verified for our experiments (Fig. 5). In the first period,
the divergent kinetic energy has only one spectral maximum near the wavenum-
ber K=1, which is the scale of the orographical forcing. The divergent kinetic
energy flows to the higher wavenumbers and a secondary spectral maximum is
built up at the ninth wavenumber band. It indicates that the divergent kinetic
energy is approaching to the equipartition at the higher wavenumbers since, as
a consequence of the phase errors, the number of wavenumber modes is the
highest in the ninth wavenumber band (Szunyogh, 1992). After 5700 timesteps
(in the immediate vicinity of the energy catastrophe) the divergent kinetic
energy is distributed equipartitionally at the wavenumbers higher than K=5, and
the secondary maximum appears at the scale of the orographical forcing.

As a result of the above described process, rotational kinetic energy is
forced at the higher wavenumbers. In order to investigate this process quan-
titatively, time evolution of the rotational kinetic energy has been computed

Jikg
18— L
steps=600 T steps=3900
3
-
TR I N N TN 01 (i (S99 L | O |
6 12 15 15
dk
kg
15—
= steps=4500 steps=5700
12
’.—
e
3
=
=
° it ] o||I||I||l||lll|
0 12 15 0 3 6 9 12 15
dk

Fig. 5. Spectral distribution of the divergent kinetic energy for timesteps, when the
kinetic energy is extremely high. The parameter A, =3 km.
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for each wavenumber band and the results are presented in Fig. 6 for some
selected wavenumber bands. Since the magnitude of the divergence (or
divergent energy) is much less than the magnitude of the rotational kinetic
energy, rotational kinetic energy of the higher wavenumbers is very low and
practically negligible in the first period but, as it can be seen, the invariance of
the average wavenumber (which is the strongest two-dimensional constraint) has
no influence on the rotational kinetic energy of the wavenumbers higher than
K=5. After the well-balanced first period the rotational kinetic energy of the
higher wavenumbers starts to increase suddenly as a consequence of the
strongly nonlocal (and so extremely effective) two-dimensional rotational
interactions. At the end, the sudden rotational kinetic energy increase leads to
the “energy catastrophe”. It should be mentioned that the fastest kinetic energy
increase can be observed in the ninth wavenumber band due to the highest
number of the wavenumber modes. This fact confirms the statement that phase
errors and alised interactions (which amplify the effects of the phase errors)
play an important role in statistical mechanics (or, in other words, in the
spectral energetics) of the finite-difference models of the atmosphere.

5. Conclusions

It has been shown that the Eulerian shallow-water system of equations
shows quasi-two-dimensional behavior as a consequence of the conservation of
potential enstrophy and total circulation. Validity of the theoretical con-
siderations has been verified by numerical experiments. The applied numerical
scheme is optimal for investigating the spectral energetics of the shallow-water
system in the sense that it provides the conservation of the potential enstrophy,
the total circulation and satisfies the Liouville theory for purely rotational
interactions. The experiments have revealed that the time of the “energy
catastrophe” is closely independent of the maximum height of the topography.
This fact indicates that the principal cause of the energy catastrophe is the
developement of the unstable energy distribution, while the amplitude of the
energy oscillation plays only a secondary role. This means that the shape of the
topography plays a more important role in the development of the numerical
instabilities than the height of the topography. In the first period of the model
integration the spectral characteristics of the topography play a predominant role
in the spectral distribution of divergent kinetic energy. However, after this first
period (in the presented experiments after 5000 timesteps) the shape of the
divergent kinetic energy spectrum becomes independent of the spectral
characteristics of the initial conditions and this fact necessarily leads to “energy
catastrophe”.

The presented results are in a good accordance with the well-known fact
that long-term numerical integrations of the shallow-water equations require the
control of the high-frequency divergent perturbations (by normal-mode initial-
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Fig. 6. Time evolution of the rotational kinetic energy for some selected wavenumber bands dk.
The parameter A, =3 km.
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ization or with the introduction of artificial viscosity). However, it must be
stated that the absence of realistic parametrization of the subgrid physical
processes is not the only cause of the existence of uncontrolled high-frequency
perturbations as it is considered in many papers. Namely, discretization of the
Eulerian fluid dynamical equations necessarily restricts the infinite number of
the independent potential vorticity type invariants (the infinite number of the
independent constraints) to one or two invariants. In other words, taking into
consideration the relation between the vorticity-type integral (Casimir) invariants
in the Eulerian form of the equations and the individual invariants in the
Lagrangian form of the equations (Shepherd, 1990), discretizations of the
Eulerian equations necessarily violate the individual conservation laws. For
instance, in the presented experiments the conservation of total circulation and
potential enstrophy could not control the disturbances whose spatial frequency
was higher than K=5.

Finally, the above considerations call the attention to danger of the method
trying to describe the long-term behavior of the atmosphere on the basis of
numerical experiments, which are carried out by extremely low-resolution
numerical models. These models are discretized, strongly truncated Eulerian
models which are really far from the simulated continuous physics with
individual conservation laws. In addition, the spectral energetics of these models
cannot be controlled by two-dimensional constraints since do not possess
statistical mechanical equilibrium states because of the strongly limited number
of interactions.
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APPENDIX

Using an arbitrary finite-difference scheme to discretize Eq. (3) the model
equations can be written as

W im
ot

=9, (C+£,A7'0), - N2<,m<NJ2, (A.1)

where / and m denote the position of the gridpoints in each direction, and 9,,(.,.) is
the finite-difference approximation to the two-dimensional Jacobian. On the finite-
difference grid the two-dimensional discrete Fourier transformation is defined by

1 N2 Np2

= £, gitpmql) (A.2)
M N e I=—EN/2 g

where the spectral coefficients {, =~ satisfy the following relation:

N2 N2 _
AW E Z cpqe-l(pmql). (A.3)
" p=-NRg=-N2

Taking into account Eq. (A.2) and Eq. (A.3), the system of complex spectral equation is

Ele
243, € +£470), (A-4)

where 9, (.,.) is the spectrally transformed form of the finite-difference Laplacian
0, (-,-) . Using the conservation of total circulation and the assumption f=const, the
variable {,, becomes independent of time, thus it can be removed from the
prognostical vector variable. Moreover, since the grid values are real, the spectral
coefficients satisfy the relation

Cp.q = Ctp.-q’ o)

where the star denotes the complex conjugate. It means that only N?+2N variables are
independent of the 2(N+1)* prognostical variables in Eq. (4). According to this fact
a new vector variable can be introduced, whose components are defined by the
following index transformation:

Cpo:=Re((,,)=Re(C_, ),
Lt =Im(C, ) ~=ImiC., o)
-N/2<P<NJ2; 0<QzNJ2.
(A.6)

(cl)tzr"ic~2+2~) = (c_Nn’O""Cle'N[Z7 C_Nﬂ"o':"'CNIZINﬂ')'

Using this notation, Eq. (A.4) takes the form
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ac - .
2 2 K ke bk =1 N 2N, (A7)
j=1 k=

where Kj2=K2(p,q) are the eigenvalues of the finite difference Laplacian A,z,,,, and the
coefficients c; jx are defined by ap_ q(.;.).

Ak kK

Errata—In Part 1 (Szunyogh, 1993b) of this work equations (17.b) and (20.b) were
incorrectly given by the author. In a correct way they are

B _ V2 (17.b)
_=kV + V—A Q+— ) i
= x(C+f) ( 2]

and :
d _1 98
—E =¥VA'— =f(¥,V,0). (20.b)
at X vx at f(t X )
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Abstract —Using the five-year data sets for stations from EMEP network of the former
Yugoslavia, the multiregression model is successfully applied for evaluation of basic
relations relevant for precipitation chemistry. Such type of supervising pollutant trans-
mission in the lower troposphere is appropriate for national monitoring and should be
recommended to non-developed countries. A meritorious estimate of exported and
imported amounts of pollutants, as well as regional and local contributions, could be
established in the episodes with precipitation by applications of the proposed multiregres-
sion model with stepwise variable selection.

Key-words: precipitation chemistry, multi-variable regression, EMEP network.

1. Introduction

On the basis of detailed analysis of multi-year data sets for precipitation
using a multiregression model (Prar et al., 1983), the authors of this work
have applied successfully this method to available data sets from the sites in
Yugoslavia (Vukmirovic, 1983; Rajsi¢, 1991) and Belgium (Rajsi¢ et al.,
1991). In the last attempt (Rajsi¢, 1991) a more sophisticated model has been
used in which a stepwise variable selection is provided. Besides, an original
method for “missing values” is developed and applied, thus improving avail-
able data base.

A measuring project according to the Cooperative Programme for the
Monitoring and Evaluation of the Long-Range Transmission of Air Pollutants
in Europe (EMEP) was implemented on Puntijarka station in 1977 (Table 1).
In the following years other stations also began to operate. The last station
included in EMEP network was Kamenicki Vis (1983). Being in Serbia, this
station is of particular interest for this work, so that first complete five-year
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data sets in the period of 1984 —1988 are chosen for analysis. 24-h precipita-
tion samples were taken at the indicated stations (Table 1) and transported to
the Central Laboratory of the Federal Hydrometeorological Institute in
Belgrade. Sampling and chemical analysis were in accordance with the
methodology established by EMEP (EMEP, 1977).

Table 1. Basic data for EMEP stations of the former Yugoslavia

Station Coordinates Altitude
A @ amsl (m)

Magun 14°22° 45°39° 1026

(Slovenia)

Puntijarka 15°58’ 45°54° 988

(Croatia)

Zavizan 14°59° 44°49° 1599

(Croatia)

Kamenicki V. 21°57° 43°24° 813

(Serbia)

Ivan Sedlo 18°02’ 43°46’ 970

(Bosnia-

Herzegovina)

Lazaropolje 20°42° 41°32° 1332

(Macedonia)

The aim of this work is to evaluate basic relations of microconstituents in
precipitation and therefore to determine the common issues of the network.
Also, it is important to point_out the diversity of each station located in areas
with different natural and anthropogenic precursor sources of microconstitu-
ents in precipitations.

2. Experimental procedure

Sampling was organized in non-automated devices in the intervals of 24
hours by 07 to 07 of next day. Only at Ivan Sedlo station in the last year
(1988) an automated sampler “ERNI” (Swiss) was applied. Every day samp-
lers were cleaned by rinsing with distilled water.

Precipitation samples collected are filtered into polyethylene bottles and
maintained at cold dark place prior to the transport to the Central Laboratory.

A brief listing of analytical methods applied for measuring microconstitu-
ents is given as follows. Acidity of precipitations is measured by a pH-meter
named “Radiometer”, which is calibrated by buffers from the manufacturer
in the range from 4.01 to 7.00 at temperature of 25°C. The accuracy is
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+1%. Sulphate ions are determined by turbidimetric method on 400 nm.
The sensitivity is 0.05 mg S /!, Nitrate ions are analyzed by spectrophoto-
metric n-(1-naphthyl)ethylenediamine method (Griess’s method) on 520 nm.
The sensitivity threshold is 0.02 mg N /!, Spectrophotometric mercury thio-
cyanate method is used for chloride determination. The sensitivity threshold
is 0.05 mg Cl I"!. For ammonia, spectrophotometric indophenol method is
applied with sensitivity threshold of 0.04 mg N /™!

Alkaline metals (Na and K) as well as alkaline-earth metals (Ca and Mg)
are determined by atomic absorption method. The sensitivity threshold for all
microconstituents was approximately 0.02 mg /..

Obtained weighted average concentrations, expressed as amount of
relevant microconstituent in mg I"', as well as a number of samples, in the
period 1984 —1988, are presented in Table 2.

Data sets are very representative for detailed statistical analysis. The
most mineralized precipitations are those of Kamenicki Vis. Of particular
concern is high concentration of sulphates and nitrates. At the same station
maximum number of days (67) with precipitations of pH<4.5 has been
found in the observed period. Then, ZaviZzan and Puntijarka follow and at
the end Lazaropolje with only 6 days.

Table 2. Weighted average concentrations in mg /! (1984 —1988)

Station No. of SO,-S NO;-N Cl  NHj-N Ca Mg Na K
samples

Magun 511 0.88 0.39 1.47 0.27 1.03 0.30 0.59 0.25
Puntijarka 631 1.63 0.45 1.38 0.45 1.25 0.45 0.60 0.54
Zavizan 736 1.47 0.75 2.02 0.43 1.84 0.49 1.04 0.45
Kam. Vis 546 3.47 1.50 1.46 0.71 2.08 0.48 1.87 0.51
Ivan Sedlo 537 1.40 0.30 1.80 0.19 0.65 1.11 2.34 0.17
Lazaropolje 570 1.68 0.34 2.00 0.46 1.43 0.49 1.17 0.57

Statistical analysis is performed on AMSTRAD PC with 8087 coproces-
sor. The standard programmes: STATGRAF, QUATRO and STEPFOR for
regression analysis are used. In addition to algorithm in procedure of
regression, an original algorithm for iterative calculation of “missing values”
is developed for the purposes of this work. Sometimes, the quantity of
collected precipitation is not satisfactory for complete analysis or may be the
analysis is unsuccessful, so that the calculation of “missing values” by model
improves data bases (Rajsi¢, 1991). Using this model data base for all
stations increased, approximately, from 10% to 30%.
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The principal characteristic of chosen multiregression model is the
stepwise variable selection which provides test of significancy of involved
variables in each step. The procedure runs from zero independent variable
and in every next step one variable is added. Previously tested variable may
be insignificant in any next step. In this case it is automatically rejected from
further study.

3. Results and discussion

The simplest multiregression model is that with one dependent variable
(X,) and two independent variables (X, and Xj5):

Xl = al + a2X2 + a3X3,

for which the correlation coefficient, R, can be expressed as:

2 . 2 _,
_ | TiatTiya —eTpT37y
R1.23 & 2

2
]. _r23

where r represents the coefficients of linear correlation and indices show
corresponding pairs of variables.

The correlation matrices of linear correlation coefficients are presented in
Table 3. The relations selected by proposed model are given in Table 4.
Besides, the principal microconstituents significancy test is performed for
correlation with precipitation height (mm). Poor negative correlation is found
mostly for dilution effect, except at Kameni¢ki Vis, where precipitations
were the most mineralized. No good correlation of H-ion with other ions is
found, while the situation becomes better when pH has been introduced. The
similar conclusion concerning H* has been found for Hungary (Horvdrh and
Meészdros, 1984). Nevertheless, correlations for both forms are presented in
Table 4.

As can be seen, better correlations are found for Cl (Table 3 and 4), then
for SO4 -S and NO,;-N. Chloride ions might be of natural origin (NaCl), but
SO4 and NO; are the indicators of strong acid presence in the lower

troposphere.
Taking into consideration the continental background concentrations

(Szepesi and Fekete, 1987) and the results of the analysis of meteorological
factors influence (Rajsi¢, 1991), one may conclude that acid precipitations at
Kamenicki Vis are not only transported from Western Europe, but that a
contribution from short-regional scale is also significant. Probably, industrial
sources in Kosovo as well as Bor mining and smeltering basin influence the
elevated acidity and relatively higher concentrations of sulphate and nitrate
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Table 3. Correlation matrices for EMEP network of the former Yugoslavia in the period
1984 —1988

mm pH SO,-S NO,NNH-N Na Mg Ca Cl K H

Masun

mm 1.00 -0.09 -0.31 -0.18 -0.26 -0.17 -0.21 -0.23 -0.18 -0.17 -0.04
pH -0.09 1.00 020 0.16 008 020 0.25 0.34 0.15 0.18 -0.66
SO,-S -0.31 0.20 1.00 0.45 0.50 0.21 0.36 0.39 0.36 0.21 0.01
NO;-N -0.18 0.16 0.45 1.00 0.23 022 034 0.33 0.26 0.31 -0.03
NH,-N -0.26  0.08 050 0.23 1.00 0.16 0.13 0.21 0.17 0.24 0.05
Na -0.17 0.20 0.21 0.22 0.16 1.00 0.22 0.25 0.67 0.77 -0.07
Mg -0.21 0.25 0.36 0.34 0.13 0.22 1.00 0.62 0.21 0.24 -0.13

Ca -0.23 034 039 033 021 025 0.62 1.00 0.25 032 -0.12
Cl -0.18 0.15 036 026 0.17 067 021 025 1.00 0.42 -0.01
K -0.17 0.18 021 031 024 077 024 032 042 1.00 -0.05

H* -0.04 -0.66 0.01 -0.03 0.05 -0.07 -0.13 -0.12 -0.01 -0.05 1.00

Puntijarka

mm 1.00 -0.14 -0.24 -0.19 -0.24 -0.22 -0.19 -0.26 -0.30 -0.23 -0.00
pH -0.14 1.00 0.19 004 026 005 030 036 028 036 -0.66
SO,-S -0.24 0.19 1.00 044 052 025 034 049 052 046 0.03
NO;-N -0.19 0.04 044 1.00 0.17 039 028 030 031 022 0.04
NH,-N -0.24 026 052 0.17 1.00 020 023 036 049 045 0.00
Na -022 005 025 039 020 100 029 028 039 025 0.01
Mg -0.19 030 034 028 023 029 100 055 0.28 0.41 -0.09

Ca -0.26 036 049 030 036 028 0.55 1.00 046 0.41 -0.09
Cl -0.30 028 052 031 049 039 028 046 1.00 065 -0.09
K -023 036 046 022 045 025 041 041 0.65 1.00 -0.12

H* -0.00 -066 0.03 004 000 001 -009 -0.09 -0.09 -0.12 1.00

Zavizan

mm 1.00 001 -0.25 -0.18 -0.19 -0.19 -0.21 -0.20 -0.22 -0.21 -0.07
pH 0.01 1.00 -0.07 -0.07 -0.18 0.13 0.22 0.31 0.12 0.13 -0.64
SO,-S -0.25 -0.07 1.00 0.47 064 034 031 0.57 042 0.49 0.26
NO;-N -0.18 -0.07 0.47 1.00 027 037 020 041 029 032 023
NH4,-N -0.19 -0.18 0.64 0.27 1.00 0.18 0.14 0.21 0.21 0.32 0.31
Na -0.199 0.13 034 037 0.18 1.00 0.15 0.33 0.67 0.31 0.01
Mg -0.21 0.22 0.31 0.20 0.14 0.15 1.00 047 0.19 0.23 -0.08
Ca -0.20 0.31 0.57 041 0.21 0.33 0.47 1.00 040 046 -0.06
Cl -0.22 0.12 042 0.29 0.21 0.67 0.19 040 1.00 0.45 0.05
K -0.21 0.13 049 0.32 0:32 1031 0.23 0.46 0.45 1.00 0.01
H* -0.07 -064 026 0.23 0.31 0.01 -0.08 -0.06 0.05 0.01 1.00
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Continued Table 3

mm  pH S0,-S NO;-N NH,-N  Na Mg Ca Cl K H*
KameniZki Vis
mm 1.00 -0.10 -0.41 -0.29 -0.29 -0.13 -0.26 -0.39 -033 -0.35 -0.06
pH ~0.10 100 0.13 -0.02 0.11 -0.13 0.17 0.24 0.07 0.28 -0.56
SO,4-S -0.41 0.13 100 037 042 009 037 055 050 0.57 0.08
NO;-N  -0.29 -0.02 037 1.00 006 001 036 061 0.14 025 0.10
NH,-N -0.29 0.11 0.42 0.06 1.00 -0.04 020 0.09 0.17 023 0.12
Na -0.13 -0.13 009 0.01 -0.04 100 000 0.13 057 0.23 0.05
Mg -0.26 0.17 037 036 020 000 1.00 038 0.14 030 -0.02
Ca -0.39 024 055 0.61 0.09 0.13 038 1.00 032 045 -0.02
Cl -0.33 0.07 050 0.14 0.17 059 0.14 032 1.00 0.70 0.05
K -0.35 028 057 025 023 023 030 045 070 1.00 -0.03
H* -0.06 -0.56 0.08 0.10 0.12 0.05 -0.02 -0.02 0.05 -0.03 1.00
Ivan Sedlo
mm 1.00 0.03 -0.03 -0.07 -0.03 -0.01 -0.05 -0.07 -0.01 -0.06 -0.03
pH 0.03 100 -0.02 0.01 0.15 -0.08 -0.10 033 0.03 0.17 -0.71
SO,-S -0.03 -0.02 1.00 0.10 0.37 0.07 0.18 0.18 003 0.09 0.11
NO;-N  -0.07 0.01 0.10 1.00 -0.01 -0.03 -0.03 0.66 0.13 0.27 0.0l
NH,-N  -0.03 0.15 037 -0.01 1.00 -0.05 -0.07 0.01 0.04 0.09 -0.06
Na -0.01 -0.08 0.07 -0.03 -0.05 1.00 -0.10 0.00 0.43 0.06 -0.00
Mg -0.05 -0.10 0.18 -0.03 -0.07 -0.10 1.00 0.12 -0.13 0.16 0.20
Ca -0.07 033 0.18 066 001 0.00 0.12 1.00 029 064 -0.12
Gl -0.01 0.03 003 0.13 0.04 043 -0.13 029 1.00 030 -0.04
K -0.06 0.17 0.09 027 0.09 006 0.16 064 030 1.00 -0.07
H* -0.03 -0.71 0.11 0.01 -0.06 -0.00 0.20 -0.12 -0.04 -0.07 1.00
Lazaropolje
mm 1.00 -0.09 -0.24 -0.12 -0.17 -0.06 -0.14 -0.25 -0.16 -0.21 -0.06
pH -0.09 100 0.14 000 032 -0.04 -006 025 0.17 024 -0.65
SO,-S -0.24 0.14 100 039 046 006 037 068 049 077 0.10
NO;-N  -0.12 000 039 1.00 0.04 -0.01 0.09 029 0.09 037 0.09
NH,-N -0.17 032 046 0.04 1.00 002 002 030 035 049 -0.06
Na -0.06 -0.04 006 -0.01 0.02 100 001 005 05 020 0.02
Mg -0.14 -0.06 037 0.09 0.02 0.01 1.00 051 0.12 022 0.16
Ca -0.25 025 068 029 030 0.05 0.51 1.00 037 0.58 0.01
Cl -0.16 0.17 049 009 035 059 0.12 037 100 055 -0.10
K -0.21 024 077 037 049 020 022 058 055 1.00 -0.02
H* -0.06 -0.65 0.10 0.09 -0.06 0.02 0.16 0.01 -0.10 -0.02 1.00
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Table 4. Relations of microconstituents in precipitations from EMEP network of the former

Yugoslavia in the period 1984 —1988

Correla-
Station Principal relation tion
coefficient
Masun
pH=5.57+0.08Na+0.11Ca R=0.36
H*=9.18-3.69Mg R=0.13
$0,2°=0.3241.75NH,+0.56Mg+0.15Ca R=0.60
NO; =0.01+0.47NH4+0.55Mg+0.09Ca+0.31K R=0.44
ClI"=0.86+0.28NH,+ 1.07Na+0.08Ca-0.43K R=0.70
Puntijarka
pH=5.62+0.10Mg+0.09Ca+0.17K-0.05NO; R=0.46
H+ =7.60-0.93Ca-2.25K+1.19S0, R=0.18
S0,7=0.47+1.12NH,+0.35Ca+0.44K+0.01H R=0.66
NO; =0.02+0.49Na+0.28Mg+0.16Ca R=0.47
Cl"=0.82+0.38NH,+0.21Na-0.17Mg+0.13Ca+0.54K R=0.75
ZaviZan
pH=5.85-0.10SO,-0.05NO;-0.16NH,+0.05Na+0.09Mg+0.11Ca+0.09K R=0.50
H*=4.48+2.9850,+ 1.90NO;+7.76NH,-1.04Na-2.21Mg-1.82Ca-0.55K R=0.45
S0, =-0.09+1.82NH,+0.10Na+0.29Ca+0.33K+0.01H R=0.80
NO; =-0.43+0.36NH,+0.34Na+0.27Ca+0.27K+0.03H R=0.55
Cl"=1.20+0.54Na+0.07Ca+0.47K R=0.72
Kamenicki Vis
pH=5.56-0.04Na+0.09Mg+0.09Ca+0.22K-0.04S0,4-0.07NO, R=0.47
H*=10.50+8.57NH,-1.91Ca+2.20NO, R=0.19
SO, =0.96+1.42NH,+0.29Mg+0.32Ca+0.90K+0.01H R=0.74
NO; =-0.65+0.53Mg+0.61Ca+0.01H R=0.65
ClI"=0.83+0.18NH,+0.18Na+0.86K R=0.83
Ivan Sedlo
pH=5.64-0.10SO4-0.44NO;+0.36NH,-0.18Mg+0.36Ca-0.08CI-0.14K R=0.52
H*=6.51+1.87S0,+3.45N0,-3.07NH,+4.32Mg-2.38Ca R=0.32
SO, =0.68+0.01H+1.01NH4+0.02Na+0.29Mg+0.16Ca-0.16K R=0.49
NO; =-0.12+0.01H-0.13Mg+0.39Ca-0.21K R=0.71
Cl"=1.47+0.07Na-0.24Mg+0.12Ca+0.23K R=0.55
Lazaropolje
pH=5.96+0.24NH,-0.03Na-0.10Mg+0.13Ca+0.09K-8SO,+0.05Cl R=0.45
H*=2.88+0.31Na+ 1.00Mg-0.64Ca+0.6350,-0.96ClI R=0.29
S0, =-0.08+0.51NH,-0.05Na+0.22Mg+0.49Ca+ 1.34K +0.04H R=0.84
NO;"=0.20-0.34NH,-0.03Na+0.07Ca+0.46K +0.02H R=0.44
ClI"=1.08+0.43NH,+0.27Na+0.13Ca+0.50K-0.03H R=0.77
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ions at this site. This is very important for the estimate of transboundary
pollutant transport in the lower troposphere. The more complex analysis has
shown that only 34% of SOf -S at Kameni¢ki Vis is originated from the
import (Rajsi¢, 1991), the rest is from emitters in Serbia. A more detailed
analysis will be published.

Very good correlations are found between anions observed and some
cations like Na™ and K*. The best correlation with the highest contents is at
Masun and Zavizan (close to the seaside) indicating thus the influence of sea
spray on NaCl and KCI contents in precipitations.

However, the best correlation for both linear and multi-regressions is
found for SO4 and NH, ions at all stations. The presence of (NH,)HSO,
or (NH4),SO, confirms the intensive processes of transformation of SO, into
H,SO, and partially or completely neutralization of sulphuric acid with
ammonia. Ammonia could be released by natural and anthropogenic sources.
These results indicate the territory of the former Yugosiavia as a field of

strong SO, emission originating from foreign and own sources.
The model is very appropriate for describing precipitation chemistry. In a

situation without communication with other countries, precipitations reflect
both behavior of neighbors and ourselves.

Finally, one network for precipitation chemistry under high-professional
control is not so expensive, but offers very useful information for strategies
of sustainable development and participation in the international activities for
abatements of SO, and NO, emissions.

4. Conclusion

On the basis of the obtained results, the following conclusions may be
underlined:

— Multiregression with stepwise variable selection is recommended for
describing diversity of sites included in one network with the same
purpose.

— Application of the proposed multiregression mode! for precipitation
chemistry provides very useful information on transformation and
transport of atmospheric microconstituents relevant for environmental
protection.

— This type of analysis is necessary in the network of a non-developed
country for which an organization of automated monitoring of gaseous
pollutants-precursors of acid rains, is too expensive.
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Abstract—Six aerosol samples were collected in the air over arid areas of NW China during
a Hungarian expedition in 1990. The samples collected were analyzed by the PIXE method.
The results of the analyses are presented and discussed.

Key-words. elemental composition of aerosol particles, PIXE, China.

1. Introduction

The elemental composition of atmospheric aerosol particles has been studied
widely during the last two decades (e.g. Mészdros, 1991). This is due to the
importance of such measurements for estimating the environmental impact of
the particles on local, regional and global scales. Among other things,
samplings in the atmosphere far from human influences were carried out under
oceanic and continental conditions to investigate the global cycle of aerosols.
In spite of these efforts (e.g. Penkett et al., 1979; Adams et al., 1983; Morales
et al., 1990; Winchester et al., 1981) the chemical composition of aerosol
particles over continents like Africa, South America and Asia is not well under-
stood.

Thus, few information are available from the aerosol in the air over the vast
inner regions of China (Winchester and Wang, 1989). Further, concentration
data from an area near the Great Wall (Winchester et al., 1981) and from
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Huangshan mountain (Eastern China, Xu et al., 1991) can also be found in the
open literature.

The aim of this paper is to present the results of the analysis of aerosol
samples collected in the air over Xinjiang, NW area of China (Central Asia).

2. Sampling

Aerosol samples were collected by means of Nuclepore polycarbonate filters
with 0.4 um pore size. The sampling time was 4-6 hours in the afternoon,
during which 3-4 m? of air were sampled. The geographical position and
characteristics of the sampling sites are given in Table I. Generally speaking,

Table 1. Date of sampling and geographical position and description of sampling sites

Sample No. Date H (m) ¢ (°N) A (°E) Site description
1 17 June 1290 44°20° 84°50° N slope of Tiensan (steppe)
2 18 June 420 44°50’ 86°10° Dzungaria (steppe)
3 19 June 0 42°30° 88°45’ Turfani basin (desert)
4 20 June 865 40°55’ 86°20 Takla-Makan (desert)
5 21 June 1255 42°200 83°00’ Tiensan (mountain desert)
6 22 June 1950 43°50° 88°07’ E Tiensan (semi-arid)

each site was far from located areas, the distance from the nearest large city
(Urumgqi, with population of 1 million) varied between 100-400 km. The
electric current necessary for the function of the pump was supplied by an
electric generator. The exhaust gases from the generator were conducted
downwind with a tube. After sampling the filters were placed in small
plexiglass boxes sealed carefully. The filters remained in these boxes until their
analysis by PIXE in Hungary.

3. Results and discussion

The results of the analyses of samples are summarized in 7able 2, where
the absolute concentrations as well as the enrichment factors are given. These
latter data were calculated relative to aluminum by using average crustal
fractions reported by Mason (1966).

One can see from the numbers listed that elements like silicon, sulfur,
calcium and iron were found in a relatively high concentration. While silicon,
calcium and iron have enrichment factors below about 10 proving their soil
origin, sulfur is enriched considerably at all sites indicating its formation either
by gas-to-particle conversion or by the disintegration of the surface, the sulfur
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Table 2. Concentration (x: ngm™) and enrichment factor (EF) of different elements in the atmospheric aerosol over the regions of NW China

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5§ Sample 6
Entiomes EF x EF x EF x EF x EF x EF
Al 66.8 1 82.7 1 195.5 1 991.6 1 152.9 1 162.2 1
Si 2229 0.79 259.3 0.74 711.8 0.86 4752 1.1 656.4 1.0 851.2 1.2
P <6.3 <5.1 <5.9 <9.6 <5.9 <5.1
S 115.5 824 120.5 694 163.6 398 619.6 298 123.0 383 1775 521
Cl 76.5 954 50.9 513 71.1 329 666.2 560 56.2 306 58.7 276
K 69.5 4.7 54.1 3.0 173.9 4.0 1326 6.0 139.2 4.1 164.6 4.6
Ca 133.1 6.0 186.6 6.7 473.6 73 5231 15.8 668.5 13.1 478.8 8.8
Ti 7.65 2.8 6.37 1.9 21.1 2.6 150.0 3.7 24.0 3.8 28.7 4.3
\' <1.2 <1.0 <1.3 4.24 5.5 <13 1.3 10.3
Cr 7.31 177 5.40 105 8.18 67.5 244 39.6 6.89 72.7 799 795
Mn 1.19 2.1 1.44 2:1 5.65 3.5 25.2 3.1 3.23 2.5 4.44 33
Fe 126.3 3.7 113.5 2.7 348.4 35 1884 3.7 3155 4.0 374.9 4.5
Co <2.1 <1.8 <3.2 33.6 106.6 3.85 79.2 <3.1
Ni <0.9 0.68 15.1 1.86 17.6 19.1 35.6 i.12 13.5 0.99 11.2
Cu <0.7 0.89 21.7 0.98 10.1 7.78 15.6 1.38 18.2 1.35 16.7
Zn <0.9 1.65 40.2 3.52 36.3 25.9 52.6 2.49 32.8 2,17 270
As <32 <1.7 <2.0 13.5 1099 2.66 1400 1.32 656
Pb 9.49 1478 <5.9 <5.5 <1.6 <5.7




content of which is very different in this area from the average crustal
composition reported by Mason (1966). Besides, the concentration of aluminum
and potassium is also high. They also originate from the Earth crust. The
concentration of the elements of soil origin is important in particular for sample
of number 4. This is understandable since sampling was carried out in this case
under desertic conditions when the air was very dusty.

The case of chlorine should be mentioned separately. Its concentration level
is very significant in spite of the fact that oceanic influences can practically be
excluded. In addition, the Cl enrichment factor is between 300 and 900 similar
to that of sulfur. It is proposed with caution that this is due to the fact that soils
are rather salty and several lakes contain a lot of sodium chloride in the regions
considered. Anyway, similar results were obtained in Sudan, Africa (Penkert et
al., 1979). Penkett and his coworkers attributed this finding to the disintegration
of salt flats and to the evaporation of rainwater leaving a salt rich layer.

The concentration of some notorious pollutants like lead, zinc, copper and
vanadium is generally low. Even, the enrichment factor of zinc, copper and
vanadium has a magnitude of ten which indicates that they are at least partly of
crustal origin. On the other hand, chromium was found in a concentration
similar to that measured over Hungary (Molndr et al., 1993). Also, this element
was enriched like in the air over industrial areas. Thus, it cannot be ruled out
that Cr level reflects the effect of the city Urumqi, where iron smelting is an
important human activity. It is also possible, however, that chromium is of
crustal origin (Nriagu, 1989) and its concentration in soils of this area is higher
than the average (see Mason, 1966). This latter hypothesis is supported by the
fact that the highest chromium concentration was found over the Takla-Makan
desert.

It should be also noted that no clear changes in concentration are found if
we consider our data as a function of the altitude above the sea level. This
seems to indicate that the effects of the underlying surface are practically
independent of the height for a vast region. However, much more measurements
would be necessary to obtain a clear vertical pattern.

4. Comparison with other data

It is attempted to compare our data with those of Penkett et al. (1979) and
Annegarn et al. (1983) gained in China, Sudan and Namibia, respectively.
These results are of great value since they are based on samplings done in situ
under desertic conditions. Data tabulated indicate (see Table 3) that in Sudan,
when winds blow from the Sahara, the concentrations of different elements are
very high and they are in general agreement with our results for Takla-Makan
(sample No. 4, see Table 2). On the other hand, data published for Namibia
agree rather well with our other results. This obviously means that aerosol
composition is a function of the extension of the desertic area as well as of the

176



Table 3. Concentration of different elements in atmospheric aerosol particles in Sudan during Sahara
wind (Penkett et al., 1979) and in the Namib desert (Annegarn et al., 1983). The values are ex-
pressed in ngm™

Element Al Fe Ca K S Cl Cu \'% Ti Mn Zn Cr
Sudan 3030 2996 <1000 - 767 970 49 9 - 35 31 1
Namibia - 246 425 94 264 616 <08 3 22 4 ~1 2

meteorological conditions during sampling. We emphasize again that at each
desertic site chlorine in the aerosol particles has a higher level than sulfur.
Finally, chromium concentrations over NW China are surprisingly high, mainly
over the Takla-Makan desert.
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Abstract—Concentration and dry+wet deposition of acidic atmospheric pollutants were
determined in three Hungarian forestry monitoring stations between 1988 and 1992.
Concentration of most important acidic compounds (sulfur and nitrogen dioxide) does
not reach the critical level therefore forest decline as consequence of direct effects (foliar
uptake through stomata) may be excluded. Total (dry+wet) deposition of acidic
pollutants are 187 mg H* m™ yr! as an average of 3 stations. The acidic load at Hun-
garian forestry stations frequently exceeds the critical value recommended by inter-
national organizations. Though concentration and deposition of atmospheric acidic com-
pounds has considerably decreased in the recent years, further monitoring of acid depo-
sition in forests is necessary because the accumulation effects of acid load to forest soil.

Key-words: forest decline, acid deposition, critical load.

1. Introduction

Forest decline occurring in some North American and Central European
forests during the recent decades is attributed to anthropogenic air pollution
and acidic deposition according to some authors.

Harmful effect of air pollution on forest health may be direct and/or
indirect. In the case of direct impact, air pollutants through stomata initiate
biochemical processes resulting in toxic effects, e.g. radical pathology.
Deposition can affect the leaves directly, mostly if the leaves are destructed
by some oxidants (O3, H,0,).
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Indirect effect of acidic substances appears in the long term acidification
of forest soil. In Hungary the opinions differ concerning the primary cause
of forest decline. Stefanovits (1986) pointed out that the pH of some Hun-
garian forest soil has decreased by 0.4-1.9 unit during 20-30 years as a
consequence of deposition and accumulation of acidic pollutants.

In the country serious problems in sessile oak forests mostly in the
northern area of Hungary have been observed. According to Jakucs (1986)
mostly the indirect effect of acidic deposition is responsible for decline of
sessile oaks. On the other hand the majority of foresters and ecologists
believes that forest damages are as the consequence of different biotic and
abiotic effects.

Phenomena above mentioned, i.e. acidification of forest soils, forest
decline, furthermore the fact that Hungary belongs to moderately polluted
countries in Europe (Horvdth, 1989a) support the need for continuous
monitoring of the rate and trend of atmospheric acidic deposition in Hun-
garian forests.

For these reasons Forest Research Institute and Institute for Atmospheric
Physics of Hungarian Meteorological Service have started a monitoring
program in 1988 at three forestry monitoring stations. Preliminary results for
the stations has been reported elsewhere (e.g. Horvdth and Fiihrer, 1991,
Fiihrer and Horvdth, 1992). The aim of this paper is to summarize the
results of the first five years of the monitoring program (1988-1992).

It should be mentioned here that beside acidic compounds there is an
other important group of compounds which can be responsible for forest
damages, namely the photooxidants (ozone) and free radicals generating by
the reaction between ozone and alkenes (Moller, 1988). Modeling and
monitoring the effect of photooxidants on forest are the subject of one of our
research projects.

The aims of this paper are to calculate the concentration and deposition
of acidic compounds for forests and compare them with standards and
recommendations. By this comparison we can make an attempt to decide, if
the acidic components may influence the forest health in Hungary.

2. Measuring program of the monitoring stations

The three forestry monitoring stations are located in pine forests at the
west and the middle of Hungary (Farkasfa: ¢=45°55", A=16°18", H=312 m
and K-puszta: ¢=46°58’, A=19°33", H=126 m, respectively) as well as in
the Mdtra-Mountains, north-east of Hungary (Nyirjes: ¢=47°54’, A\=19°58’,
H=560 m).

Forestry stations were located on openings in the forest. The generally
recommended siting criteria (approximately 50 m distance from forest edge)
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are fulfilled at Nyirjes and Farkasfa stations. At K-puszta station the 10 m
height sampling tube is located above the canopy so the canopy influences
can be practically neglected.

Sampling and measuring program of the three stations involves the
determination of the daily 24h average of the most important acidic gaseous
pollutants including sulfur dioxide, nitrogen dioxide, nitric acid and ammonia
and chemical composition of aerosol particles (ammonium, sulfate and
nitrate). Chemical composition of precipitation is also measured on the basis
of monthly wet-only sampling. In this paper concentrations of ammonium,
sulfate and nitrate measured in the program are reported. Dry and wet
deposition rates has been calculated by use of concentrations measured in the
air or in the precipitation water and of the dry deposition velocity (cm s™') or
the precipitation rate (L m™ mo™!). Detailed description of sampling and
analytical methods including the estimated average dry deposition velocities
can be found e.g. in Horvdth (1989a) or Pais and Horvdth (1990). From
practical point of view concentration of nitric acid gas and the chemical
composition of aerosol particles have been determined only at two stations
(K-puszta, Nyirjes). Concentration of ammonia gas is measured only at the
K-puszta station.

In this paper only the acidic deposition is discussed. Acid deposition rate
was calculated as described in Horvdth (1989a) and MSZ (1988). It can be
respected as the upper limit of acidity. Basic compounds (mainly soil-derived
HCOj;™ ions in the large aerosol fraction) due to their short lifetime have
great spatial concentration variability (Horvdrh, 1981). Therefore, instead of
uncertain net (acidic and alkalinic) deposition we prefer to use the term of
possible highest rate of acid deposition.

Beside chemical measurements main meteorological parameters including
air temperature and humidity, wind direction and velocity have also been
continuously monitored.

It should be noted that Nyirjes station was burnt down in July, 1992
because of a forest fire. For this reason only the first half year of 1992 was
taken into account during the calculation.

3. Results
3.1 Concentration of air pollutants
As it was mentioned above direct effects of acidic air pollutants are
related to their high atmospheric concentrations. The exact determination of
the “dangerous” level of pollutants is impossible. There are different

approaches to estimate the air quality standards for forest ecological systems.
According to WHO (1985) the harmful level of sulfur dioxide and nitrogen
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dioxide for forests (for the two most important air pollutants from the point
of view of acidification) is 30 ug m™ as a yearly average. These figures
correspond to Hungarian standards determined for “particularly protected”
areas (MSZ, 1990). Proposed critical loads for forests are 20 and 30 pug m™
as a yearly average for sulfur dioxide and nitrogen dioxide, respectively
(Vadrallyay et al., 1992).

Yearly averages for sulfur dioxide and nitrogen dioxide as well as the
variation of mean monthly values can be seen in Fig. /. According to Fig. 1

H“g m (@)
60
SO Yearly average:  Farkasfa 3.1- 4.9 ug/m’
2 K-puszta 5.2- 9.6 pg/m’
501 o . Nyirjes 5.3-17.5 pg/m’ .

#g m ®)

Yearly average: Farkasfa 2.1- 6.5 pg/m’
NO, K-puszta 1.8- 9.7 pg/m’
Nyirjes 1.3-10.4 pg/m’

10

) L U W A W W O

1988 I 1989 | 1990 | 1991 I 1992

Fig. 1. Variation of the mean monthly concentration of sulfur dioxide (a) and nitrogen
dioxide (b) (K-puszta , Nyfrjes +, Farkasfa ).
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yearly mean values of pollutants do not reach the harmful level. A west-east
increase can be observed in the concentration of suifur and nitrogen diox-
ides. Further important information is that higher sulfur dioxide and nitrogen
dioxide levels occur during the winter half-year, out of the vegetation period.
For deciduous forests the foliar uptake of gases is possible only during the
vegetation period (practically during summer half-year, April-November). In
the case of coniferous forest the uptake of sulfur and nitrogen dioxide is
minimized in the winter half-year because of the closed stage of the stomata.
It means that direct effect of acidic air pollution can be probably excluded.

Concentration of other acidic pollutants does not comparable to that of
sulfur and nitrogen dioxide. The level of nitric acid which is the third most
important pollutant beside sulfur and nitrogen dioxide does not reach the 2.0
4g M~ as an average.

3.2 Deposition of air pollutants

In contrast with high atmospheric level of poilutants dry and wet depo-
sition of acidic substances (sulfur and nitrogen compounds) may affect the
forest health by indirect processes through accumulation in the forest soil.
The rate of dry, wet and total (dry+wet) acidic deposition was determined
by the method described in MSZ (1988) and Horvdth (1989b) (Table I).
Deposition of sulfur and nitrogen compounds was expressed in hydrogen ion
equivalents. The average rate of total deposition (for the period of 1988-92
as an average of 3 station) is 187 mg H* m™ yr~!. The share of dry and wet
deposition is approximately the same. However, in the summer half-year the

Table 1. Dry (d), wet (w) and total (t) acidic deposition at forestry monitoring stations
expressed in mg H* m? ' yr! and mg H* m? yr'! units

Name of Period 1988 1989 1990 1991 1992 Mean
station

d w t d w t d w t d w t d w t d w t
K-puszta Year 111 8 196 107 99 206 88 73 161 99 85 184 67 49 116 94 78 172

Winter 81 35 116 76 28 104 64 34 98 67 32 99 43 16 59 66 29 95
Sum- 30 S0 8 31 71 102 24 39 63 32 53 8 24 33 57 28 49 77
mer

Nyirjes  Year 165 163 328 129 141 270 90 125 215 8 105 191 57 60 117 105 119 224
Winter 81 35 116 76 28 104 64 34 98 64 32 9 34 31 65 64 32 96
Sum- 84 128 212 53 113 166 26 91 117 22 73 95 23 29 52 41 87 129
mer

Farkasfa Year 72 93 165 78 107 185 66 124 190 67 81 148 55 75 130 68 96 164
Winter 47 39 8 55 14 69 46 56 102 43 30 73 32 26 58 45 33 78
Sum- 25 54 79 23 93 116 20 68 88 24 51 75 23 49 72 23 63 86
mer

Mean of Year 116 114 230 104 116 220 81 107 188 84 9 174 60 61 121 89 98 187
stations Winter 70 36 106 69 23 92 58 41 99 58 31 8 37 24 61 58 32 90
Sum- 46 78 124 36 92 128 23 66 8 26 S9 8 23 37 60 31 66 97

mer
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wet, in winter half-year the dry deposition dominates (Fig. 2). While dry
deposition has a winter, wet deposition has a summer peak. Consequently,
there is no expressed annual variation in the total deposition.
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=
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3 |
=
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0 1 1 1 1 1 1 1 | 1 1
1 2 3 4 5 6 7 8 9 10 11 12
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Fig. 2. Annual variation of dry, wet and total acidic deposition as an average measured at the
three forestry monitoring stations (1988-1992).

The ratio of sulfur to nitrogen compounds in the total deposition is 42
and 58%. The relative importance of sulfur compounds is continuously
decreased from 46% to 36% during the 5 years. It is in agreement with our
earlier results (Horvdth, 1989a) suggesting that N/S ratio is increasing in the
acidic deposition.

The average yearly acidic depositions of Farkasfa and K-puszta stations
are similar, 164 and 172 mg H* m™2 yr!, which can be regarded as a “back-
ground” acid deposition for Hungary. For Nyirjes station the acidic depos-
ition is higher, 224 mg H* m yr! indicating local pollution effect.

The yearly deposition figures for the 3 stations generally do not exceed
the proposed critical load for Hungary. It is established total acid deposition
is 280 mg H*m? yr! (Vdrallyay et al., 1992). It can be seen from Table 1
that exceedance of the critical load occurred only in 1988 at Nyirjes station.

According to the recommendation of UN and ECE (RIVM, 1991),
Hungary is divided into different grids according to sensibility of the given
area. The critical loads for the 4 different areas for Hungary are 20-50;
50-100; 100-200 and >200 mg H* m™ yr'!. Lowest figures are generally
determined for western and northern part of Hungary. Taking into consider-
ation these recommendations we can see that in the majority of the cases the
critical load is exceeded.
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3.3 Trends in concentration and deposition

As Fig. 1 and Table 1 suggest, concentration of the most important
acidic compounds (sulfur and nitrogen dioxide) as well as total (dry-+wet)
deposition of pollutants have decreased during the 5 years of investigation. It
is probably due to reduced sulfur and nitrogen emission in Hungary and in
the neighbouring countries as a consequence of change in economical struc-
ture of East European region. Roughly, the atmospheric level of pollutants
and the rate of acidic deposition have reached to the half of the value meas-
ured in 1988 as Fig. 3 illustrates.

pg m? mg m? yr’!
15 300

S0,, NO, H*

10 -

- 100

1 1 1

1
1988 1989 1990 1991 1992

4 0

Fig. 3. Variation of the concentration of sulfur dioxide and the nitrogen dioxide and the rate of
total acidic deposition at forestry stations.

This fortunate tendency suggests that we can not probably face the
danger of direct forest decline in the near future caused by increased level of
pollutants. In spite of the decreasing deposition rate the critical loads recom-
mended by international organizations are frequently exceeded. For this
reason the continuous monitoring of acid deposition is needed for the effects
of pollution may accumulate in the forest soil (e.g. accumulation of nitrogen
loading, mobilization of heavy metals, decrease of buffer capacity against
acid stress) causing long term indirect damages in forests.

Furthermore, other types of pollution (e.g. high level of photochemical
oxidants, including ozone), also responsible for forest decline, should be
included into the study.
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Abstract —Data of 2130 accidents made by the drivers of Budapest Post Office between
1978 and 1983 are studied based on weather and geophysical factors. The weather sensitivity
of individuals who caused the accidents was classified into 7 subtypes. Provable significant
differences were found between the accidents made by warm and cold front sensitive on 24
hour, monthly and seasonal basis. Significantly higher number of accidents was made by
weather sensitive car drivers during stationary fronts. Among air masses in the higher level
of the troposphere the subtropical and the arctic air masses affect mostly the warm and cold
front sensitive drivers. The effect of the variations in the geomagnetic activity with different
types of weather sensitivity can also be proved. In geomagnetic storms the warm front
sensitive and in severe geomagnetic storms the mixed front sensitive make more accidents.
The above findings are very useful for medical meterological and accident forecast provided
that the weather sensitivity of individuals is known.

Key-words: traffic accidents effects of fronts and air masses, geomagnetic activity,
individual weather sensitivity.

1. Introduction

The meteorological and cosmic effects on traffic and industrial accidents
have been investigated since 1965 in Budapest. The influence of fronts, air
masses near to the ground and in the higher level of the troposphere, solar
flares and variations in the geometric activity were examinated (Orményi,
1972a, 1977, 1978). There seems to be no relation (at last in Budapest) between
the ordinary meteorological elements (phenomen such as fog) like humidity,
barometric tendency, temperature and the accidents. The start of precipitation
involves risk of accident, especially in winter time in view of the icy conditions
(Orményi, 1970). The efficiency of meteorological elements on traffic acting in
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a metropolitan area versus the road transport in country may be entirely
different because of the variation infrastucture (WMO, 1990).

Experiences obtained in the road accidents’ forecast show that the type of
weather sensitivty of car drivers in the accident should also be taken into
account (Orményi, 1972b, 1990).

2. Material and method

The accidents made by the car drivers of the Budapest Post Office between
1978 and 1983 were used to the statistical data processing. 2130 accidents made
by 2011 male and 119 female car drivers of age between 18 and 60 were
registered. The type of weather sensitivity was established by means of a
questionnaire (Orményi, 1972c, 1990) prepared by the collaborators of the
Psychological Laboratory of the Hungarian Post. The questionnaire was
compiled based on the work of Curry (1948) and standardised on a Hungarian
population of more than 26,000 (see Appendix). The answers to questions on
the ergotropic working phase (E) are divided by the values of trophotropic
working phase (T) of the human organism. On the basis of these quotients in
Table 1, three types of warm front sensivitity, two types of mixed front
sensitivity and three types of cold front sensitivity are differentiated. In this
paper all mixed sensitive car drivers are considered as one group. On the other
hand, this typology is, at the same time, suitable for the establishment of the
sensitivity to geophysical factors, among others the solar activity. The role of
geophysical factors was proved at accidents occurred in chemical industry in
Nyergesijfalu and Budapest between 1969 and 1973 (Orményi, 1986).

Different types of front and air masses were used in the investigation based
on Berkes’ classification (1961) as well as macrosynoptic types determinated by
Péczely (1957) for the Carpathian Basin. The list of meteorological elements

Table 1. Distribution of various geophysical biotypes (GBT), according to E/T quotients

Geophysical biotypes Intervallum E/T Frequency distribution
quotients %

Cold front type sensitive 3 C, 0.01 - 0.43 1.3

Cold front type sensitive 2 &3 0.44 - 0.68 9.7

Cold front type sensitive 1 C, 0.69 - 0.88 22.4

Mixed cold front type sensitive ~ M, 0.89 - 0.99 13.1

Mixed warm front type sensitive M, 1.00 - 1.08 15.5

Warm front type sensitive 1 W, 1.09 - 1.28 17.8

Warm front type sensitive 2 W, 1.29 - 1.88 17.2

Warm front type sensitive 3 W, 1.89 -49.00 3.0
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were compiled in the Laboratory for Electrobiometeorology of the National
Institute of Rheumatics and Physiotherapy using the data of the National
Meteorological Service. The influence of the solar activity was related to the
variations in the geomagnetic activity by means of the Bartha-Berkes clas-
sification (Berkes, 1970) so as it is shown in Table 2. The daily elongation of
the horizontal component of geomagnetic activity (characteristic number) was
taken into account in the classification. The data were obtained from the
Geomagnetic Observatory Tihany. Bernoulli’s method (Jessel, 1954) and
Schelling’s (1937, 1940) “n” and “T” tests were used in the data processing.
Significant values were considered at least P=0.05.

Table 2. Corresponding values of geomagnetic variations according to Bartha’ and Berkes’
classifications and K, values

Characteristic Range of daily elongation Corresponding limit value
number in H-component, expressed in nT of K, max during a day

0 0 - 30 0o - 2

1 30 - 60 2% = B

2 60 - 100 4 - 5

3 100 - 160 5t - 6*

4 160 - 210 7T - &

5 210 - 8 -9

Periodical effects such as 24 hours rhythms as well as the weekly and
annual effects all were taken into account. The distribution of types of weather
sensitivity (geophysical biotypes=GBT) in the accidents was the following: 132
of W3 type (6.2%); 314 of W, type (14.7%); 301 type of W, type (14.1%);
503 of M type (23.6%); 478 of C, type (22.4%); 353 of C, type (16.6) and 49
of C; type (2.4%). Consequently, in the accidents 35% of the drivers belonged
to warm front sensitive, 23.6% to mixed front sensitive and 41.4% to cold front
sensitive.

3. Results

3.1 Distributions of the accidents with respect to types of weather sensitivity

Fig. 1 shows 24 hours rhythms of accidents made by individuals of different
weather sensitivity. In the lower part of the figure all cases are specified. The
peak in accidents was at 11.00 a.m. and the second peak at 2.00 p.m., a
minimum at 10.00 p.m. and a second minimum at 4.00 a.m. As there was less
accidents with sub-types, therefore, instead of seven only the three main types
of weather sensitivity were used. In the upper part of Fig. 1. 24 hour rhythms
of the accidents of warm front sensitive (W), in the middle part those of mixed
front sensitive (M) and in the lower part those of cold front (C) are given. The
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number of accidents caused by warm front sensitive usually has opposite trend
against those done by cold front sensitive (correlation coefficient r=-0.68 + 0.11).
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Fig. 1. Daily rhythm of traffic accidents made by various GBT. On the vertical axis
deviations from the mean of cases are presented in percentage.

The weekly rhythm was also monitored which is illustrated in Table 3. The
decrease on weekend may be explained by the reduced traffic in Budapest. On
the other hand, there is no significant difference in the distribution of the
accidents caused by the three types of weather sensitivity (warm, cold, mixed).

Table 3. The number of accidents on each day of the week and their deviation from the mean (X—)_()

Mon Tue Wed Thur Fri Sat Sun
Number of cases 329 388 365 352 405 191 100
X-X) % 8 28 20 16 33 <37 -68

The study of distribution was also performed on monthly scale (Table 4).
The high number of accidents in tht first three months of the year is related to
winter weather conditions (icy roads, weak visibility etc.).
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Table 4. The monthly distribution of accidents and the deviations from the average (X—)_()

Jan Feb Mar Apr May Jun Jul. Aug Sep Okt Nov Dec

Number of
cases 2300 198 213 173 172 175 168 150 178 186 142 145

X-X) % % 12 20 8 § =1 <6 =16 0 § o390 I8

Fig. 2 shows the annual rhythms of accidents (deviations from the mean) for
the three types of weather sensitivity in percentage. The compilation of the
figure is similar to that of Fig. 1. The values of smoothed curves are plotted by
dotted lines. The number of accidents caused of warm front sensitive also shows
a trend opposite to that of accidents done by cold front sensitive. The correla-
tion coefficient between the two series is r=-0.70+0.14. The same correlation
is r=-0.84+0.085 for smoothed values, indicating a close but opposite relation
between the two curves.

(X-X) %
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10 1
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Fig. 2. Annual variations of traffic accidents made by various GBT.
Fig. 3 shows the seasonal distribution of accidents made by different types

of weather sensitivity. Data of warm front sensitive are displayed in the upper
part, of mixed front sensitive in the middle and cold front sensitive in the lower
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part of the figure. The figure also verifies that accidents caused by warm front
sensitive (W) and cold front sensitive (C) show an opposite trend and the
correlation coefficient is very high, r=-0.95+0.048.
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Fig. 3. Seasonal variations of traffic accidents made by various GBT (3 types).

Warm front sensitive make the highest number of accidents in winter and
spring, mixed front sensitive in autumn and cold front sensitive in summer.
Result of the seasonal statistics of accidents are shown in Table 5.

Table 5. The seasonal distribution of all accidents (No.) and
their deviations from the mean (X-X)

Season No. (X—)_() %
Spring 558 S
Summer 493 -8
Autumn 506 -5
Winter 573 8
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3.2 The effect of different weather types

Result of significancy test based on the correlation between prevailing
weather conditions in the time of car accidents and types weather sensitivity are
found in Table 6. In compilation of this table all the seven subtypes of weather
sensitivity are used.

Table 6. Results of significancy test based on the correlation between prevailing weather conditions
in the time of car accidents and types of weather sensitivity. The underlined numbers indicate the
significant results on the level of p=0.05

Types of Types of weather sensitivity
atls W, W, W, M C ¢, &
ds N dis N dis N dls N d/s N d/s N ds N
W -1.13 2 269 16 1.16 13 4.06 31 1.89 21 0.19 11 -0.19 2
W, 149 8 138 18 2.21 18 1.52 24 1.43 22 145 17 -1.67 0
0O, 123 4 187 4 009 2 -0.02 3 1.99 6 1.41 4 237 2
W, 125 4 227 9 142 @ 453 8 55 14 1.16 8 0.16 1
(@ -092 4 -126 8 -2.74 4 -13816 -1.71 13 -0.28 14 0.37 4
Cy 0.08 8 -1.48 10 -1.12 13 -1.26 22 -2.68 13 -0.75 16 -1.14 2
O, -1.18 0 07 4 05 4 -048 4 013 5 =135 1 031 1
I -1.21 4 -1.14 10 -1.05 12 -0.40 24 -0.31 22 221 26 -153 1
O 411 3 149 2 568 6 -031 1 435 6 222 3 171 1
St 1.85 4 479 12 5.89 15 3.66 15 4.47 16 094 6 -096 0
Sco 631 12 149 8 3.34 13 2.83 17 1.81 13 6.75 22 3109 7
S 2.4 6 023 5§ 35513 3.06 17 0.54 22 2.36 11 437 6
Siw 305 5 144 5 5.03 16 1.69 8 1.69 8 1.51 6 029 1
D -0.76 2 -1.06 4 -167 3 -239 4 -067 9 -1.87 3 0:9: 3
S -1.43 1 224 13 0.67 10 0.21 14 2.04 14 -029 8 0.02 22
D, -1.35 0 -191 0 203 0 -101 4 -163 2 -1.15 2 0.06 1
Front nil -341 2 -453 5 -455 7 53814 52312 -526 5 -2.08 2

The upper part of the table shows the statistical analysis of accidents made
by individuals of different weather sensitivity during warm front situations: in
the first line during surface warm front (W), in the second line during upper
warm front (W), in the third line during a warm occluded front (O,,) and in the
fourth line during unstable warm front (W,). Types of weather sensitivity are
indicated in columns of the table. The ratio A/o is the difference between the
expected mean and the actual number of accidents divided by the standard
deviation. The number of accidents (N) is also given. The numbers of accidents
made by various subtypes of warm front sensitive are different. The number
of accidents made by subtypes C, and C; of cold front sensitive is very low.
The ratio for accidents made by C; during an occluded warm front is high, but
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the number of cases is low. It is typical that W,, M and C, react strongly to
different warm fronts passage.

The second part of the table shows accidents made during different cold
fronts. Statistical analysis for surface cold fronts (C) is given in the first line,
for upper cold fronts (C,;) in the second line, for cold occluded fronts in the
third line (O,), for line of instability in the fourth line (I), and for orographic
occlusion fronts (O,,), typical to the Carpathian Basin, in the fifth line. The
most efficient situation is the orographic occlusion front since four types of
weather sensitivity react strongly to it. The speed of the frontal passage is
usually so that their biological effects are felt for three or four hours, except for
the case of orographic occlusion.

The third part of the table shows the effects of stationary fronts. The effect
of a stationary front that arrives and leaves as warm front (S,,,,) is given in the
first line, if it arrives and leaves as a cold front (S..) in the second line, if it
arrives as a warm front and leaves as a cold front (S,,.) in the third line, if it
arrives as a cold front and leaves as a warm front (S,,) in the fourth line. In
these weather conditions different types of weather sensitivity make significantly
more accidents than under other situations. S_. situation the W5 types made
much more accidents than expected. But, as it turned out latter it was a
consequence of common effect of several factors (like air masses in the higher
level of the troposphere, geomagnetic activity). After eliminating extremes the
number of accidents is not significantly higher.

The last part of the table shows four situations: subsidence (D) in general
in the upper first line, destroying high pressure system (S) accompanied by
following falling barometric tendency in the second line, descending motion
between two cold front (D,) in the third line and non frontal conditions (Front
Nil) in the fourth line. The table shows that in nil frontal conditions none of the
types of weather sensitivity are inclined to make accidents. But during
destroying high pressure system the risk of accidents is obviously high for W,
and C,.

3.3 The effect of the air masses

Hereafter the influence of biologically efficient air masses near to the
ground and in the higher level of the troposphere is outlined.

Fig. 4 shows the effect of maritime arctic air masses (mA) and continental
arctic air masses (cA) near the ground (subscript GL) and in the higher level
of the troposphere (subscript H). The effect of maritime and continental air
masses near to the ground are given in the upper two graphs and the influence
of the maritime and continental air masses in the higher level of the troposphere
in the lower two graphs. The probable error (P=0.05) is also plotted. Air
masses near the ground have no particular influence except for W, when the
air is coming from the higher level of the troposphere. Contrary to these in the
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case of air masses in the higher layer of the troposphere the mixed and some
cold front sensitive are inclined to make accidents.

Fig. 5 shows the influence of subtropical air masses coming into the
Carpathian Basin. mT is the abbreviation of subtropical air masses from the
Azores and m’T the subtropical air masses from the Mediterranean. The sudden
arrival of subtropical air masses in the higher level of the troposphere is
indexed by 1 (mT; and m’T,, respectively). From Fig. 5 follows that the
number of accidents and the level of significance are much lower for cold front
sensitive than expected. However, a sudden subtropical air flow from the
Azores mT,; is most reacted by W; then W, and W, and finally by M. The
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Fig. 4. Influence of arctic air masses near the
ground (subscript GL) and higher level of the
troposphere (subscript H) on road accidents
made by various GBT. On the vertical axis the
difference between the expected mean and
actual number of accidents divided by standard
deviation is depicted. N is the number of
accidents.

Fig. 5. Road accidents made by various GBT
in the case of intrusion of subtropical air
masses in the higher levels of the troposphere.
The meaning of the vertical axis agrees with
that of Fig. 4. Subscript 1 refers to arrival to
sudden arrival of air masses. N is the number
of accidents.
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influence of a sudden m’T, air flow is not as significant although W; and W,
make sensibly more accidents.

The influence of macrosynoptical types are not dealt with here because they
are peculiar to the Carpathian area. Neverthless, there are such types of weather
sensitivity who are liable to make accident in significantly higher number even
in high pressure system and it confirms the findings with the destroying high
pressure system.

3.4 Influence of solar activity

The influence of solar activity was related to the variation of the geomag-
netic activity (Orményi and Majer-Hock, 1991). The key day (“0” day) is the
day of the geomagnetic activity. In Fig. 6a accident for characteristic numbers
Ch=2 and Ch=3 and in Fig. 6b those for characteristic numbers Ch=4 and
Ch=35 are shown within +3 days of the geomagnetic activity in question. In
this case three types of weather sensitivity together were taken into account.
From the figure it is concluded that the number of accidents made by warm
front sensitive decreased significantly on the key day (Ch=2) just like the total
number of accidents. In the lower part of the figure it can be seen that the
number of accidents increased significantly on the key day (Ch=3). There is
a remarkable increase in the accidents made by warm front sensitive as well.
The number is accidents also increases two days after the storm.

In the cases of Ch=4 there is a significant increase in the accidents caused
warm sensitive one day after storm (left side of Fig. 6b). The number of
accidents made by mixed front sensitive increases significantly two days before
storm, probably because a severe geomagnetic storm is usually preceded by an
increased geomagnetic activity. Finally, in a very severe geomagnetic storm
(Ch=5), there is a nearly significant increase in the accidents made by mixed
front sensitive whereas the total number of accidents made by cold front
sensitive decreased on the key day (right side of Fig. 6b).

4. Conclusions

From the investigations it is concluded that the number of industrial and
traffic accidents increases during front passages. According to our experiences
in many cases as a result of correct weather forecast, the number of accidents
could be decreased by 25 to 35%. To improve the method the type of weather
sensitivity (geophysical biotypes) has to be determined. A study was made on
car drivers if the Budapest Post Office in which circumstances of 2130 accidents
were examined.

There was sensible differences among the 24 hours, monthly and seasonal
distributions of effects especially for warm and cold front sensitive. There is an
opposite relationship between the accidents made by warm and cold front sensi-
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Fig. 6. Road accidents of various GBT as a function of geomagnetic characteristic numbers (Ch) in

cases of Ch=2 and 3 (a) and in cases of Ch=4 and 5 (b). The curves show deviations from the mean

of accidents in percentage. Denotations: W (solid line) —warm front sensitive, C (dashed line) —cold

front sensitive, M (dot-dash line) —mixed front sensitive, I (bold line)—all data; asterisks denote
significant variations.

tive in the monthly and seasonal distribution. The highest number of accidents
are made by weather sensitive individuals during stationary fronts and not in
short time front passages. It is remarkable that different subtypes of warm front
sensitive react significantly but not in the same way to subtropical air masses
coming in the higher level of troposphere, when the actual temperature is by 6
or 8 degrees higher than the average temperature calculated for the suitable
period. In the case of cold front sensitive the average temperature is by 6 or 8
degrees lower than the average for arctic air masses in the higher level of
troposphere. In these case the number of accidents is significantly higher.

The effect of solar activity can be proved by numerous accidents made in
disturbed geomagnetic activity (Ch=2) and in geomagnetic storms (Ch=3).
Individuals of different weather sensitivity do not react to them in same way.
Warm front sensitive make more accidents in storms Ch=3, 4. Mixed front
sensitive react to most severe geomagnetic storms (Ch=35).
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The above findings help to make the accident more efficient and lead to a
lower number of accidents. The types of weather sensitivity can be determined
in a couple of minutes and as a result an individual weather forecast valid to
specific types of weather sensitivity may be issued.
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APPENDIX

Questionnaire to the determination of the weather sensitivity

Date of birth................. Monthia.esemie v | DR ECREEH e HONLS! <ot sicanioai i
Note! 1t is in your interest, that on the basis of this questionnaire we should get a
correct reference. Please answer to it candidly. There are four possibilities to your
reply. Kindly fill out the squares on the right with one of the 4 following numbers
corresponding to your preference

if you prefer the question of group 1
if you prefer the question of group 2
if both of them seem not to apply to you

S LN -

Group 1 of questions (E)

if you prefer both of them

Group 2 of questions (T)

1. Are you of a hot temper? Are you of a quiet temper?
2. Are you exhausted by excitements? Can you easily tolerate excitements?
3. Can you take quickly decisions? Are you cool in your decisions?
4. Do you easily blush? Do you blush rarely?
5. Are you sociable? Are you not sociable?
6. Are you vivid, irritated? Are you slow to rouse?
7. Are you talkative? Are you tongue-tied?
8. Are you often in high spirits? Are you often moody?
9. Can you learn easily by heart? Do you slowly learn by memory?
10. Do you feel yourself well in a cool Do you feel yourself uncomfortable in
(Northern) wind? a cool (Northern) wind?
11. Do you feel yourself uncomfortable Do you feel yourself well in a warm
in a warm (Southern) wind? (Southern) wind?
12. Do you suffer from warm air? Do you tolerate well warm air?
13. Do you tolerate well cold air? Do you suffer from cold air?
14. Don’t you like to take a sunbath? Do you like to take a sunbath?
15. Are you not disturbed by draught? Do you suffer from aerophobia?
16. Do you tolerate a hot day badly? Do you tolerate a hot day well?
17. Do you prefer a coll sleeping room Do you prefere a heated sleeping
in winter? room in winter?
18. Do you feel low before a thunderstorm? Do you feel low during or
after a thunderstorm?
19. Do you sweat to much? Do you sweat little?
20. Do you like to make excursions Do you not like to make excursion
or to cultivate some sport? or to cultivate some sport?
21. Can you stand for a long time? You can’t stand for a long time?
22. Are you in a better general condition Are you in a better general condition

after taking a rest?

after moving?
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23. Do you like to swing? You don’t endure swinging?
24. Do you prefer to sleep on a high pillow? Do you prefer to sleep on a low pillow?
25. Are you disturbed by noise during sleep? You are not disturbed by noise during

sleep?

26. Do you dream little? Do you dream frequently?
27. Do you wake up frequently in the night? You do not often wake up in the night?
28. Do you need little sleep? Do you need much sleep?

(less than 8 hours) (more than 8 hours)
29. Are you fit immediately after waking up? You are still tired after waking up?
30. Do you feel better in the morning? Do you feel better in the evening?
31. Do you prefer to wear an open suit You prefer to wear a closed suit

or shirt? or shirt?

32. Do you wake up early in the morning? Do you wake up later on?
33. Do you have sensitive eyes against light? Your eyes are not sensitive against

light?
34. Do you have short sighted eyes? Do you have long sighted eyes?
35. Are your arms and legs generally warm? Are your arms and legs generally cold?
36. Do you have your illness with Do you have your illness with
a high fever (over 38°C)? a low fever (below 38°C)?
37. Do you have a quick recovery after Do you have a slow recovery after
an illness? an illness?
38. Are you susceptible to an acute disease  You are susceptible to an acute disease
with fever? without fever?
39. Do you tolerate pains badly? Do you tolerate pains easily?
40. Do you have a strong menstruation? Do you have a weak menses?
41. Do you have pains during menses? Do you have pains after menses?
42. Do you prefer heavy work for Do you prefer easier work for
a short time? a long time?
43. Do you have a good appetite? Do you have a bad appetite?
44. Are you not festidious about your food? You are not festidious about your food?
45. Do you prefer meat? Do you prefer fruit or vegetables?

46. Do you like your food salted and spiced? You don’t like your food salted
and spiced?

47. Are you sensitive to smells? You are not sensitive to smells?

48. Can you hardly fall asleep after taking  You are able to sleep easily after
coffee in the evening? having had coffee in the evening?

49. Do you tolerate alcohol well? Do you tolerate alcohol badly?

50. Do you prefer milk or tea? Do you prefer tea or milk?

L e e
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_——BOOK REVIEWS—_

J.R. Holton: An Introduction to Dynamic Meteorology. Third Edition.
International Geophysics Series, Vol. 23. Academic Press, San Diego, 1992,
511 pages.

First two editions of An Introduction to Dynamic Meteorology have served
as a standard basic textbook of dynamic meteorology for generations of
meteorologists. The classical work of Professor Holton provided a bridge to the
pioneers of the dynamic meteorological research in the fifties and the sixties.
First edition was published in 1972 and 7 years later, it was followed by the
second, revised version.

About 13 years have been elapsed since second edition of the widely
respected textbook was published. During that period, a number of significant
advances have been made in our understanding of a variety of atmospheric
phenomena, ranging from the introduction of the so-called Q-vector formalism
for diagnosing vertical motion in extratropical weather systems to the role of
sea surface temperature anomalies in low-frequency variability. The new
edition reflects the advances made in these fields and others, while providing
a systematic treatment of the fundamental laws governing the atmospheric
motion. ¥

The third edition contains about fifty percent new material, including many
new figures, while much of the previous materials has been revised and
reorganized.

In Chapters 1-4, the author provides a systematic development of the basic
conservation laws. Except for a short section on surface pressure tendency in
Chapter 3 and a section on the baroclinic potential vorticity in Chapter 4, the
first four chapters remain the same as in the second edition.

Chapter 5 about the planetary boundary layer (PBL) has been rewritten in
order to incorporate sections on the boundary layer turbulent kinetic energy
budget and the mixed layer model of the PBL.

In Chapter 6 the quasi-geostrophic system of equations is developed and it
is demonstrated how they can be used to diagnose synoptic-scale motions at
middle latitudes. Excellent physical interpretation of quasi-geostrophic potential
vorticity and its relation to Ertel’s potential vorticity are given. The mecha-
nisms responsible for vertical motion in quasi-geostrophic systems are
examined using two approaches: the classical omega equation, which was
discussed in the second edition, and the Q-vector form of the omega equation,
which represents an important new addition to this chapter. A brief new section
on the ageostrophic circulation in synoptic systems is also presented.
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An introduction to the linear wave theory is given in Chapter 7. Chapter
8 is devoted to the formulation and solution of the baroclinic instability
problem. A new section includes a derivation of the Rayleigh necessary
condition for instability. The basic kinematics and dynamics of mesoscale
circulation systems are presented in Chapter 9. This material is a new addition
to the book with topics in the kinematics of frontogenesis, semi-geostrophic
theory, symmetric instability, mountain waves, cumulus convection, convective
storms and dynamics of hurricanes.

An introduction to the theory of the general circulation of the atmosphere
is given in Chapter 10. The following chapter is addressed to the structure and
dynamics of equatorial circulations. A linear, inviscid shallow-water model on
an equatorial plane is used to derive the dispersion relations and structures of
equatorial Kelvin, Rossby-gravity and Rossby waves.

The dynamics of vertically propagating planetary waves are treated and
their importance in sudden stratospheric warmings is discussed in Chapter 12.
Discussion of the quasi-biennial oscillation and several aspects of the ozone
layer are given in the last sections of the chapter. The final chapter contains
new material on numerical modelling and weather prediction.

Holton’s An Introduction to Dynamic Meteorology will continue to serve
as the cornerstone for education at undergraduate and graduate levels and also
provides references for researchers in the atmospheric sciences.

Gy. Gyuro

T.E. Graedel and P.J. Crutzen: Atmospheric Change; An Earth System
Perspective. W.H. Freeman and Company, New York, 1993. 446 pages,
hardback with tables, figures and coloured pictures and illustration. Price:
48,22 U.S. dollars.

It is now well documented that human activities modify the Earth environ-
ment on different scales. The modifications are serious in particular in the case
of the atmosphere which plays an essential role in the control of biogeochem-
ical cycles and climate. One can speculate that atmospheric changes will lead
to important alteration of the Earth system.

In spite of the importance of the problem relatively few books are devoted
to the subject. Thus, the present book of the two famous atmospheric scientists
has been really badly-needed. Briefly speaking, their volume is an excellent
and very clear summary of this field, in spite of the fact that it is a bit difficult
to decide whether the authors aim was to write about atmospheric changes or
the entire Earth system. This is not an important question, however, since the
atmosphere is in a close relationship with other media of our planet.
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It is a great advantage of the book that each chapter is completed with
exercises and a list for further reading, which makes it very useful for
beginners and students. In addition to this, a glossary of the most important
expressions and an index can be found at the end of the volume.

As the writers inform the readers in the preface and introduction, five
chapters (2-6) at their book discuss generally the basic topics in Earth system
science. These chapters include the brief description of the driving forces of the
planet, the dynamics and radiation balance of the atmosphere as well as our
principal ideas about aerosols, hydrosols and water cycle. This first part is
followed by the description of chemical principles applied in Earth system
science (Chapter 7), while the next two chapters are devoted to the chemistry
of the atmosphere and aquatic systems. Then, four chapters (10-13) describe
our knowledge of the histories of climate and chemistry on the basis of up-to-
date information gained by different techniques including the ice core record.
Chapters 14 and 15 present in a didactic way the budgets and cycles of
different constituents as well as the numerical models used in environmental
chemistry; Chapters 16-18 discuss possible future climates on different time
scale. Finally, the book is closed by a chapter on change and sustainability. In
this last chapter, among other things it is concluded that “On very long time
scales, the planet will surely become incapable of sustaining life as a
consequence of the increasing solar radiation. Whether that time scale is of any
interest, however, may or may not turn out to be under humanity’s control. As
a people, we are causing stresses to the biospheric system beyond all previous
experience, and hoping that a surprise that cannot be managed is not waiting
in the wings.”

In summary, the reviewers believes that this thoughtful book should be used
in each schools and at all universities, where the aim is to explain to students,
the future generation, what to do “to minimize in every way possible the
stresses on our planet”.

E. Mészdros
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NEWS

“Harmony with Nature”
ISES Solar World Congress

The International Solar Energy Society (ISES) is a worldwide nonprofit
organization dedicated to the advancement of the utilization of solar energy.
Founded in 1954, the Society has members in more than 90 of the world’s
countries. In each second year, some part of the Society’s members and non-
member experts meet regularly on the Solar World Congresses. In 1993 the
host of this congress was the Hungarian Section of the ISES, the congress took
place in Budapest, between August 23-27. The next meeting will be in Harare,
Zimbabwe in September of 1995.

“Harmony with Nature” has been selected as general title of the recent
congress, to emphasize the fact, that the solar energy as renewable energy does
not pollute the environment. In the distant future, its role will be deterministic
in the sustainable development of the humankind.

The Budapest congress was organised in co-operation with the following
International Organizations:

Comission of European Communities
European Parliament

EUROSOLAR

International Energy Agency
International Energy Foundation
International Atomic Energy Agency
World Bank

World Resources Institute and
several United Nations Organizations.

World Meteorological Organization was represented by a Hungarian expert.

The sponsors of the meeting were several Hungarian ministries, as well
several foreign ministries and agencies.

The program of the congress was composed from exhibitions and several
types of meeting as plenary sessions, committee meetings, board meeting,
working group meetings, seminars, forums, workshops, honour and special
sessions and technical sessions. The topics connected to the meteorology were
presented on oral and poster technical sessions. Contrary to the previous
congresses, where 15-20 meteorological papers were presented, in this year
more than 60 abstracts have been accepted in the field of meteorology and
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radiation measurements. (The full number of the abstract accepted for all of the
technical sessions exceeded 1200.)

The overwhelming part of the meteorology related papers dealt with the
utilization of meteorological solar radiation measurements for the purposes of
solar energy users. Several statistical and theoretical models were presented to
drive radiation parameters for those places where radiation measurements do
not exist or the time series are not long enough to calculate climatological
characteristics. Interesting instrument developments might result in more
precise or less expensive radiation data. This way this meeting is the largest
regular scientific meeting of the solar radiation measuring experts. The
meteorologists must pay more attention to the ISES meetings.

The scientific proceedings of the Budapest Solar World Congress will be
published in eight volumes, namely:

I. Energy Policy, Environment, Education
II. Radiation, Meteorology, Fundamentals
III. Photovoltaics
IV. Solar Thermal
V. Active Systems
VI. Passive Systems
VIL. Solar Architecture
VIII. Biomass, Agriculture, Wind Energy.

As it is seen from the above list, the ISES congresses are mainly technical in
their nature, but the meteorology (including solar radiation data and instru-

ments) plays a founding role in the solar energy utilization activity.

G. Major
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* % %
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