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Abstract—Soil evaporation characteristics on spot (few hundred meters x few hundred 
meters) and patch scale (few kilometers x few kilometers) are analysed comparing a 
deterministic and a statistical -  deterministic model. Soil evaporation characteristics are 
considered in terms of analysing evaporation curve (evaporation/soil moisture content 
dependence), areal distribution characteristics of soil evaporation and the aggregation 
algorithms for their estimation. The analyses are performed for different soil surface 
resistance parameterizations and atmospheric forcing conditions. The main results obtained 
can be summarized as follows: (1) The scale-invariance of soil evaporation depends upon 
both the parameterization of soil surface resistance and the soil surface wetness regime. (2) 
The relative frequency distribution of soil evaporation depends upon both the parameteri­
zation of soil surface resistance and the areal mean soil moisture content 0m. Finally, the 
relationship between the aggregated soil moisture content 9ag and the 6m is linear and it does 
not depend upon atmospheric forcing conditions. This latter result plus the deterministic 
model can be applied for estimating patch scale soil evaporation.

Key-words: soil evaporation characteristics, spot scale, deterministic model, patch scale, 
statistical-deterministic model, areal evaporation.

1. Inroduction

Areal evapotranspiration is one of the most relevant factors in hydrology and
meteorology. Its basic features are as follows: it shows high spatial and time 
variability at all scales and it is non-linearly related to environmental 
conditions. Concerning these features the basic questions are: Is evapo-
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transpiration a scale-invariant quantity? Under which conditions is it scale- 
invariant? To study these questions it necessary to analyse all basic aspects of 
areal evapotranspiration among other things like:

(1) the course of E(9) curve which expresses the dependence of evapo­
transpiration upon soil moisture content,

(2) the areal distribution characteristics of E(6), e.g ., the relative 
frequency of E(9) and

(3) proposing aggregation algorithms for its estimation.

Such and similar aspects are investigated mainly by modeling, performing 
comparative numerical studies (e.g ., Rodriguez-Camino and Avissar, 1999; Li 
and Avissar, 1994; Molders and Raabe, 1996; Kabat et al. 1997; Acs, 1996; 
Acs and Hantel 1997). Many studies (e.g., Rodriguez-Camino and Avissar, 
1999; Sellers et al., 1997; Wood, 1997) refer to the landscape scale (about 
10 km x 10 km). The attention is payed mainly to the aggregation algorithm 
problems. Two aggregation algorithm types are used: the so called 
“deterministic” one (e.g., Lhomme, 1992; Lhomme et al., 1994; Chehbounni 
et al., 1995; Shuttleworth, 1997) where the surface heterogeneity is considered 
via interpatch variability using weighting rules and the so called “statistical” 
one (e.g., Famiglietti and Wood, 1991, 1994; Entekhabi and Eagleson, 1989, 
1991) where the surface heterogeneity is considered via intrapatch variability. 
In these approaches patch is not homogeneous; the patterns of variability are 
represented statistically via probability density functions. In some studies it is 
also noted (e.g., Wood, 1997) that the scale invariance of E(0) depends upon 
the “state of the system”. Further, the analyses refer mainly to the surface 
covered by vegetation.

The quantification of fine scale heterogeneity remains a clear and high 
priority (Shuttleworth, 1996). In spite of this, there are only a few studies 
dealing with small-scale heterogeneity (e.g., Wood, 1997). They use 
“statistical” approach applying either time-consuming numerical integrations 
(Famiglietti and Wood, 1994) or more analytical solutions {Wood, 1997). It is 
also recognized that the scale invariance problem is closely related to both the 
parameterizations used and the environmental conditions. Nevertheless, there 
is no any study with a detailed analysis of such type especially for bare soil 
surface.

The objective of this study is to analyse the scale invariance issues of bare 
soil evaporation at patch scale in terms of E (9 ), relative frequency of E(0) and 
the aggregation algorithm for E (6 ) . In the study we assumed that there are no 
advective effects accompanied by occasionally observed internal boundary 
layers (e.g., Garratt, 1992; Hupfer and Raabe, 1994) and there are also no 
mesoscale circulation patterns induced by surface discontinuities. Then the
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atmosphere can be assumed to be horizontally homogeneous with constant 
meteorological boundary conditions above a certain level (Shuttleworth, 1988).

2. Models

Two model types are used: on the spot scale a deterministic model (DM) 
characterizing the soil evaporation E (9), and on the patch scale a statistical -  
deterministic model (SDM) coupling the deterministic model with a statistical 
one for generating 6? as a random variable. The E(9) relationship is simulated 
using two different parameterizations for bare soil surface resistance.

2.1 Deterministic model

The instantaneous value of E(9) on spot can be determined by a deterministic 
model using atmospheric forcing data (net radiation, air temperature and 
humidity and wind speed) and surface parameters (roughness length, soil 
texture or soil hydrophysical parameters). The core of model is the Penman- 
Monteith’s concept.

2.1.1 Turbulent fluxes

The latent heat flux is parameterized using Penman-Monteith’s equation 
(.Monteith, 1965) as follows:

A ■A + p - c p[es{Tr) - e r ]lra
L ■ E  = -> , , (i)

A + y-(\ + rb /ra)

where L is the latent heat of vaporization, p  is the air density, cp is the specific 
heat of air at constant pressure, A(Tr)=L- es(Tr)/Rvap Tr2 is the slope of 
saturated vapor pressure curve at reference temperature Tr, Rvap is the gas 
constant for water vapor, es (Tr) is the saturation vapor pressure at Tr and er is 
the vapor pressure at reference level zr rb is the bare soil surface resistance, ra 
is the aerodynamic resistance and A is the available energy of bare soil surface. 
A is parameterized as

A= R -  G, (2)

where R is the net radiation and G is the ground heat flux at the surface of bare 
soil. G is parameterized after Nickerson and Smiley (1975):

G=0.15 R . (3)
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The sensible heat flux is estimated as residual

H = R - G - L E . (4)

2.1.2 Surface resistance

The non-linear relationship between E and 9 is expressed using resistance 
concept. The soil surface resistance rb is estimated by Sun’s (1982) and 
Dolman’s (1993) empirical formulae:

where 0 and 6S is the actual and saturated soil moisture content. The empirical 
constants: ^  = 30 s n r 1, c2 =  3.5 s n r 1, c3=2.3 , c4 = 3.5 s n r 1, and c5 = -2.3. 
Both parameterizations are known and commonly used in the scientific 
literature (see Bastiaanssen, 1995). They refer to all soil textures. Sun’s 
parameterization uses both 6  and 0S parameters while Dolman’s param­
eterization only one, the 9. Note that there is a direct relationship between the 
9S and the soil texture.

2.1.3 Aerodynamic transfer

The aerodynamic transfer is parameterized via resistance concept using Monin- 
Obukov’s similarity theory taking into account the atmospheric stability 
conditions. We assume that there is no difference between the transfer 
mechanisms of heat, water vapor and momentum. The set of equations used is 
as follows:

• Basic equations

The aerodynamic resistance can be calculated from wind velocity at reference 
level Ur and friction velocity u . by

The friction velocity is calculated by

Sun: (5)

Dolman: r?°'= c4 9c\ (6)
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(8)
k-U  r

log(zr /z 0) - vFwl ’

where k is the von Kármán constant, zr and z0 is the height of reference level 
and the roughness length, respectively, and x¥m is the stability function. 
Stability function depends upon the stratification of atmospheric surface layer. 
In neutral stratification

^ = 0 .  (9)

In stable stratification we use two different entries for the argument of x¥m. 
When zr/Lmon<0.5 we enter the empirical expression of Dyer (1974):

^ „ , = - 4 .7 - ^  . ( 10)

For zr/Lmon> 0.5 we use formula of Holtslag and de Bruin (1988):

( 11)

with ,4=0.7, 0 = 0 .7 5 , C = 5 and D=0.35. 

For unstable stratification

( 12)

with the function
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(14)

where g is the acceleration of gravity (m s 2), and E is the vapor flux (kg m 2 s'1). 
Neutral stratification is supposed for | Lmon | >  800 m. If the stratification is not 
neutral, it is stable (Lmon> 0) or unstable (Lmon< 0).

• Calculation procedure

The turbulent flux/atmospheric stability relationship is implicitly defined, that 
is H  and L- E depend upon Lmon and vice versa. To solve Lmo„, u„ ra, and the 
turbulent fluxes H  and L - E  we applied the iterative procedure to their implic­
itly coupled equation system. For given soil moisture content value the 
computation starts from neutral stratification where | Lmon | >  800 m and vFm=0. 
Then via calculating u, and ra an estimate of H and L E is obtained. This 
estimate of friction velocity and turbulent fluxes is used again to improve the 
estimate for L ^ ,  and so on. It appears that not more than five iterations are 
needed to achieve a deviation of 5 per cent in successive values of Lmon. In 
moderately unstable or stable stratification the convergence is quicker; it is 
usually achieved after three or four iterations. The iteration procedure does not 
converge in some physically unreal situations (for instance for strong radiation and 
weak wind; for details see Czucz and Acs (1999) and in extremely strong unstable 
stratification close to free convection conditions (Lmm is negative and close to 0).

2.2 Statistical -  deterministic model

The statistical -  deterministic model estimates soil evaporation at patch scale 
(few kilometers x few kilometers). It consist of a deterministic submodel for 
estimating soil evaporation (see section 2.1), a statistical submodel for generat­
ing 6 as a random variable (Wetzel and Chang, 1987) and a submodel for 
calculating the areal of E(0). In the following the two latter submodels will be 
briefly considered.

2.2 .1 Modeling soil moisture variability

According to observations of Bell et al. (1980) and Hawley et al. (1983), areal 
variations of 6 on patch scale can be characterized by a normal distribution. 
According to Wetzel and Chang (1987), the corresponding standard deviation

(j e = mmin ( o.o8, e j i ) , 06)
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where 6m is the areal mean value of 6. The areal variations of 6 on patch scale 
are generated with Monte-Carlo runs applying a standard random number 
generation algorithm (see Dévényi and Gulyás, 1988) and using 0m and oe as 
input.

2.2.2 Calculation o f areally averaged soil evaporation

Since 9 is statistical variable, the turbulent heat fluxes H  and L ■ E  are also 
those. The statistical distribution of L E or E is analyzed via their relative 
frequency distribution. The areal mean of E is estimated by numerical 
integration of its relative frequency distribution function RF(Ej) as follows:

where (E) is the areal mean of E, j  is the interval number and Ej is the cor­
responding E-value for the y'th interval. The length of .E-interval is choosen as 
25 W nT2. The submodel is applied in each step for 0 < 0m<9s cycle to obtain 
the E(6m,oe) curve. Note that there is no lower boundary condition for dm.

3. Numerical experiments

The numerical experiments are performed by comparing the deterministic and 
the statistical -  deterministic models. The simulations are made for different 
soil textures, atmospheric conditions and bare soil surface resistance para- 
meterizations.

• Soil texture

The simulations are performed for sand, loam and clay. In this paper only the 
loam-referred results are presented. The results referring to sand and clay are 
presented in Molnár (1998).

• Atmospheric forcing

Atmospheric forcing is considered as the sum of all state and flux variables 
which determine the evaporation flux. In this study we distinguished strong 
and weak atmospheric forcing.
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Strong atmospheric forcing
The strong atmospheric forcing is characterized by great net radiation flux, 
wind velocity and humidity deficit. We defined it by

Net radiaton flux, Rn =700 W m~2,
Air temperature at reference level, Tr =25.8°C,
Vapor pressure at reference level, er = 18.0 hPa, and 
Wind velocity at reference level Ur =6.0 m s '1.

Weak atmospheric forcing
In weak atmospheric forcing conditions the net radiation flux, wind velocity 
and humidity deficit are small or moderate. We used

Rn =300 W m '2,
Tr =25.8°C, 
er =32.0 hPa, and 
Ur =2.0 m s '1.

• Parameterization o f soil surface resistance

Soil surface resistance is parameterized by Sun’s and Dolman’s formulae. 
They are introduced in section 2.1.2.

During numerical experiments 3 x 2 x 2  runnings have been performed by 
both the deterministic and the statistical -  deterministic models. Of course the 
computation time of the latter model is much longer with respect to the former 
one because of the generation of statistical variables.

3.1 Analysis o f soil evaporation

Soil evaporation is analysed calculating evaporation curves E(9) for different 
parameterizations and atmospheric forcing on spot and patch scale. E(9) 
shows the evaporation/soil moisture content dependence. On spot scale 0 does 
not show areal variations; E(9) is obtained by running the deterministic model 
so that E(9)= Espo'(9 ). On patch scale an areal variations of 9 is assumed 
defined via 9m and a e -E(9) is obtained by running the statistical -  deter­

ministic model so that (E(9m,crd)> = E patch(9 ) .
Espo,(9) and EPatch(9) (including the factor L) obtained by Sun’s and 

Dolman’s parameterizations of rb for strong and weak atmospheric forcing are 
presented in Fig. 1 and 2, respectively. All curves can be separated into three 
regions. In dry regime (low values of 9) E(9) is controlled by soil surface; in
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wet regime (well-watered surface) E(0) is controlled by the atmospheric 
conditions. Between the two regimes is the transition region where E(0) is 
controlled by both the surface and the atmosphere. The curves can be charac­
terized by two basic parameters: the slope S=3E(0) /30  in the transition re­
gion and the saturation value E(0S). S is mainly determined by the parameteri­
zation of rb while E(0) by the atmospheric conditions, mainly by the radiation.

Fig. 1. Bare soil evaporation versus soil moisture changes for Sun and Dolman 
parameterizations on spot (black solid and dashed lines) and patch (grey solid and dashed 

lines) scale for strong atmospheric forcing. The curves refer to loam soil texture.

Fig. 2. As in Fig. 1 but for weak atmospheric forcing.
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The scale-invariance of E(9) depends mainly upon both the parameter­
ization used and the surface wetness regime. In general the Espot (9)-EPatch (9) 
differences of Dolman’s parameterization are smaller than those of Sun’s 
parameterization; the greatest relative difference Espot (9) -EPa,ch (9) IEspot (9) for 
Sun’s parameterization achieves 13 per cent while for Dolman’s parameter­
ization between 5 and 8 per cent. These facts show that E(9) obtained by 
Dolman’s parameterization is more scale-invariant than the one for Sun’s 
parameterization. Moreover we can say: If we neglect differences under 10 per 
cent, E(6) obtained by Dolman’s parameterization can be treated as scale- 
invariant. In most cases the Espot (9)-EPalch (9) differences are negligible in wet 
and dry regimes especially for strong atmospheric forcing conditions. This 
result is in accordance with the statement of Sellers’ et al. (1997). The greatest 
differences appear always in the transition zone. It is very interesting to note 
that the Espo,(9)-E patch(9) IEspot(9) relative difference is not negligible in 
extreme dry regime {6 is about 0.03 m3 m"3) when the atmospheric forcing is 
weak. Sellers et al. (1997) does not note this interesting behavior.

3.2 Areal variation o f soil evaporation

Areal variation of E(0) is examined analysing relative frequency RF of E (0 ). 
Relative frequency of E(9) is studied for different soil textures and surface 
wetness states. The estimates are performed for strong atmospheric forcing 
conditions. In this study the analyses refer only to loam; the results referring to 
sand and clay are presented in Molnár (1998). The questions we want to 
consider are as follows:

(1) Does frequency distribution of E(9) depend upon the surface wetness 
state? With which distribution can RF of E(9) be approached?

(2) Is RF of E(9) determined by the parameterization of rf.

The relative frequencies of E(9) obtained by Sun and Dolman parameteri- 
zations for extreme dry (0=0.03  m3 m 3), dry (0=0.07 m3 m~3), moderate wet 
(0=0.13 m3 rrf3) and extreme wet (0=0.25 m3 irf3) conditions are presented in 
Figs. 3a, 3b, 3c and 3d, respectively. Note that the “extreme dry”, “dry”, 
“moderate wet” and “extreme wet” descriptions are not exactly defined 
wetness categories. RF of E(9) obtained by Sun’s formula is qualitatively in 
agreement with RF of E(9) obtained by Dolman’s formula only in extreme dry 
and extreme wet conditions. In extreme dry conditions the normally distributed 
soil moisture variations produce an exponential relative frequency distribution 
of soil evaporation. This is in accordance with simulation results of Wood
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(1997) and analytical calculations of Hantel and Acs (1998). In extreme wet 
conditions the shape of relative frequency distributions is like a lognormal 
distribution as reflected by mirror. For moisture regimes between the extrem 
dry and wet regimes the shapes of RF distributions are qualitatively different. 
Thus for instance in dry conditions (see Fig. 3b) the RF distribution of E(0) 
obtained by Dolman’s formula can be characterized by an exponential distri­
bution, while RF distribution of E(0) obtained by Sun’s formula by a uniform 
distribution. In moderate wet conditions the deviations between RF distri­
butions are similarly as great as in dry conditions (see Fig. 3b).

3.3 Aggregated soil moisture content

The aggregated soil moisture content 0ag is that soil moisture content value by 
which the deterministic model yields the areal mean patch scale evaporation. 
So

E(0ag) = (E(0m,cj 0 ) ) ,  (1 7 )

where E(0ag) is the areal mean soil evaporation calculated by deterministic 
model using dag and (E(0m,a 6,)) is the areal mean soil evaporation calculated 
by statistical -  deterministic model using 0m and ae . 0ag/Om relationship is 
possible to get comparing E(0) curves refering to spot and patch scale (see 
Figs. 1 and 2). Obviously the relationship is well defined in the transition zone 
of E(0) curves. In dry and wet regimes of E(0) curves there is no unequivocal 
relationship between 0ag and 0m . The 0agl0m relationship for strong and weak 
atmospheric forcing conditions using Sun’s and Dolman’s parameterizations is 
presented in Figs. 4 and 5, respectively. According to the plots we can say:

(1) The relationship between 0ag and 0m extremly weakly depends upon 
atmospheric forcing conditions. There is practically no difference 
between the slope and the intercept of regression lines with respect to 
the forcing conditions (see Eqs. (18) to (21)),

Sun, strong forcing: 0ag =  0.8110rn -  0.00002, (1 8 )

weak forcing: 0ag = O.1950m -  0.0015 (1 9 )

and

Dolman, strong forcing: 0ag = O.S660m + 0.011, (20)
weak forcing: 0ag =  0.834#m + 0.0103. (21)

Hence this dependence can be neglected for both parameterizations.
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(2) The relationship between 9ag and 9m are linear; the correlation coeffi­
cients in all cases are greater than 0.98.

Similar considerations are also valid for sand and clay (Molnár, 1998). 
Finally, it is obvious that neglecting the effect of atmospheric forcing 
conditions upon 9ag/9 m relationship (which is a reasonable assumption), it is 
possible to calculate areal mean soil evaporation on patch scale using the 
deterministic model in combination with 9aJ 9 m relationship.

c?
co

£ 0.18 a Strong forcing A

c= 0.16
4  Weak forcing A 0  □0.14 a

oo 0.12 □ >
 □

 a

<D 0.1 □  □  A 
□  □  A A

w 0.08 □  A A 
□  O Ao

E 0.06 □
□  A 
A

0.04 a  a
(A 0.02 □

a
0) 0(C

0 0.05 0.1 0.15 0.2O)
CD

Areally averaged soil moisture content (m3 m'3)

Fig. 4. Aggregated versus areally averaged soil moisture content for Sun parameter­
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4. Conclusions

Microscale soil evaporation E  characteristics are analysed comparing a 
deterministic and a statistical -  deterministic evaporation model. Evaporation 
characteristics are considered in terms of evaporation curves E(0), relative 
frequency distribution of Espo'(9) and the aggregation algorithms for their 
estimation. The deterministic spot scale £'!po'-model is based on the Penman- 
Monteith concept (Acs and Hantel, 1999), that is the evaporation flux is 
determined by the Penman-Monteith's equation, the ground heat flux at soil 
surface is parameterized via net radiation and the sensible heat flux is obtained 
as residual component from the energy balance equation. The statistical -  
deterministic patch scale EFa,ch(6) model consist of the Espo,(9)-submodel, a 
statistical submodel for generating 6  as random variable and a submodel for 
calculating the areal mean E patch(6).

The numerical experiments are made for different soil textures, 
atmospheric conditions and bare soil surface resistance rh parameterizations. In 
this study only the loam-referred results are analysed. The results can be 
briefly summarized as follows:

(1) The scale-invariance of E(6) depends upon both the parameterization 
of rb and the soil surface wetness regime. In general the normally 
distributed soil moisture variations on the patch scale moderate the 
nonlinear relationship between E and 9 with respect to that on spot 
scale. The greatest Espo,(0 )-E pa,ch(0) differences appear for Sun’s pa­
rameterization of rb in transition region of E(0) curves. The Espo‘(9) - 
Epa,ch(0) differences are negligible in wet and dry soil wetness 
regimes and also in the transition region but for Dolman’s 
parameterization of rb. Summarizing, if we neglect the differences 
under 10 per cent, E(9) obtained by Dolman’s parameterization can 
be treated as scale-invariant.

(2) The relative frequencies of E(9) obtained by Sun’s and Dolman’s 
formulae are qualitatively in approximate agreement with each other 
only in extreme dry and extreme wet conditions. In extreme dry 
conditions the normally distributed soil moisture variations produce 
an exponential RF distribution of E(9), while extreme wet conditions 
lead to a distribution like a lognormal distribution as reflected by 
mirror. For dry and the moderate wet soil moisture regimes the RF 
distributions obtained by Sun’s and Dolman’s parameterizations are 
qualitatively different and they can hardly be described.
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(3) For calculating areal mean patch scale evaporation EFatch(9) it is 
possible to introduce the aggregated soil moisture content 9ag (see 
Eq. (17)). The relationship between 9ag and the areal mean soil 
moisture content 9m extremly weakly depends upon atmospheric 
forcing conditions that is the differences between the slope and the 
intercept of 9ag/9m regression lines for both parameterizations are 
minor with respect to the forcing conditions. Further the relationship 
between 9ag and 0m is linear.

The results suggest that E(0) characteristics depend strongly upon the 
parameterization of rb. In this study we only want to show this fact and not 
more, that is we do not intend to make a decision which parameterization 
would be preferred. Furthermore, the 9ag/9m relationship can be use for E(9),s 
upscaling from spot to patch scale; that is knowing the relation between 9ag and 
9m it is possible to calculate EPa,ch (9) not only by the statistical -  deterministic 
model but also by the deterministic one. Of course, these results are valid only 
—as noticed in introduction—when there are no advective effects and meso- 
scale circulation patterns. In the latter cases the evaporation characteristics and 
its upscaling strategy are much more complex.
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Abstract—Lead is one of the most harmful toxic metals in our environment. It is emitted 
mainly by anthropogenic sources (combustion of gasoline, oil and coal burning, waste 
incineration etc.) whose source strengths varied significantly during the past several 
decades in all European countries. Even relatively low fluxes across the Earth’s surface can 
result in accumulation of lead in various soils. From the soils it can be taken up by the 
plants and maybe leached out into the ground water. This paper presents estimations on the 
historical lead depositions and the atmospheric lead budgets over Hungary, for the period of 
1955-2000. Computations are based on the results of long-range transport model 
simulations as well as on the regional background air pollution measurements carried out at 
K-puszta station in Hungary. Besides the estimations of the actual and cumulative 
atmospheric loads, the geographical origin of lead that is deposited is also calculated.

Key-words: atmospheric deposition, lead, long-range transport. 1

1. Introduction

Since the middle of this century, energy generation, industrial production and 
transportation have caused serious environmental contamination by trace 
elements including lead. The rate of contamination can vary from place to 
place as a function of source densities and intensities of lead flux as well as 
meteorological conditions. The pattern of pollution may be characterized not 
only by local, highly concentrated sites such as densely populated urban areas, 
but also by lower concentrations of pollution widely dispersed over the 
landscape including agricultural regions, forests and surface waters. Aerosol 
particles containing lead and other trace elements can be transported far away
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from their sources by advection before being deposited on the surface (e.g., 
Mészáros, 1999).

Consumption of leaded gasoline was the major source category in the total 
lead emission in Europe (Pacyna, 1996). Introduction of unleaded gasoline in 
the mid-80’s in western Europe resulted in significant lead emission reduction 
as well as in re-ranking the relative contributions of source categories. This 
progress could be detected approximately a decade later in the eastern part of 
the European continent (Olendrzynski et al., 1995). Long-range transport of 
atmospheric lead is not simply a clean air protection problem in Europe but a 
major part of environmental policy as well: considering its characteristic 
residence time in the atmosphere (a few days) and the sizes of countries in our 
continent, international co-operation is needed to control the transboundary 
flux and deposition of atmospheric lead.

2. Atmospheric long-range transport model applied fo r  the computations

For the long-range transport computations a continental scale, climatological- 
type model (TRACE) was used. Input fields of emission inventory, meteoro­
logical data and deposition parameters are preprocessed for 150x150 km2 
spatial resolution grid system (EMEP). The concentration of lead at a certain 
receptor point is given by a simple loss function:

c(xr, y r;xe,y e) = J3E  (xe,ye) R l (1 -a ) e-<kd+kw>‘ , (i)

where
c is lead concentration in the air in a certain receptor point as a 

result of an individual source point (ng m"3);
(xr,yr) and (xe,y ^  are the spatial co-ordinates of source and receptor points;
E is the emission at the source point (ng s '1);
f i  is derived by setting the upward and downward atmospheric fluxes 

equal assuming mass conservation (s m~2)
R is distance between the source and receptor (m);
A is local emission coefficient (dimensionless);
kd, kw are loss parameters for dry and wet depositions (s_1);
t is atmospheric transport time between source and receptor (s);
The total concentration at the receptor point is computed from the sum of 

contributions coming from each emission source, weighted according to the 
frequency of 925 hPa backward trajectories, F(s) coming from a particular 
sector, s\
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c { x r , y r ) =  I  F(s) Cs ( x r , y r ) .
5  = 1

(2)

As indicated in Eq. (2) there are 8 spatial sectors considered during trajectory 
analyses. In the next step of the calculations, wet and dry deposition of the 
pollutant at the receptor are computed from the atmospheric lead con­
centration:

dw = c(xr,y r) W P (3)

where
W  is the scavenging ratio (dimensionless); 
P is the precipitation intensity (m s"1).

Dry deposition is expressed as:

dd = c{xr,y r) vd (4)

where
dd is the dry deposition (ng m 2 s ');
c(xr,yr) is the lead concentration at the receptor point (ng m"3);
vd is the dry deposition velocity (m s_1).
Dry deposition velocities of lead are calculated separately for each grid 

element, depending on roughness length, friction velocity and size distribution 
of aerosol particles containing lead. Size distribution of particles were taken 
from Mészáros et al. (1997) whose research group carried out Berner-type 
cascade impactor sampling and trace metal measurements in Hungary.

For detailed model description, testing and verification see Alcamo et al. 
(1992), Bozó (1994) and Bozó et al. (1992).

3. Emission o f  lead in European countries during the past decades

The major source of lead during the past several decades was the consumption 
of leaded gasoline (Pacyna, 1996). In addition, coal and oil burning, as well as 
non-ferrous metal industry contribute to the total anthropogenic emission of 
lead. Based on a source category ranking study referring to lead in Hungary in 
the mid-80’s, line sources (gasoline) represented approximately 85% of the 
total emission. Detailed historical (1955-) emission inventories for the 
European countries were compiled by Pacyna (1993, 1996), Pacyna et al.
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(1991) and Olendrzynski et al. (1995). These emission inventories are based on 
the detailed and country-specific information on the:

• industrial and energy technology used,
• production and consumption rates in industrial, energy and transportation 

sectors,
• lead content of raw materials and fuels,
• environmental protection installations at the emitters.

During the 50’s and 60’s the lead content of European gasoline was approxi­
mately 0.4 g t l . It decreased significantly down to 0.15 g t l in Germany in 
the mid-70’s: similar reductions were achieved in Scandinavia and Benelux 
countries in early 80’s. In Hungary, lead content of gasoline was remarkably 
reduced in 1985 (<  0.25 g t ]). By that time unleaded gasoline was widely 
used in western European countries: by the mid-90’s it became dominant on 
the fuel market in those countries. This progress could be detected in Hungary 
and other central-eastern European countries only approximately 8-10 years 
later. Temporal variation of lead emission from Hungary is shown in Fig. 1. It 
can be seen that the rate of emission increased rapidly during 1955-1975: 
highest mass of lead (1150 t a“1) was emitted in the mid-70’s. It is expected 
that by the end of this century the rate of lead emission will have been reduced 
down to 70-80 t a-1

t a '1

1 9 5 5  1 9 6 0  1 9 6 5  1 9 7 0  1 9 7 5  1 9 8 0  1 9 8 5  1 9 9 0  1 9 9 5  2 0 0 0
years

Fig. 1. Emission of lead in Hungary.
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4. Origin of lead deposition in Hungary during the period 1955-2000

Model computations have been performed to estimate the temporal variation of 
the geographical origin of atmospheric lead deposition in Hungary during 1955— 
2000. Source-receptor relationships of grid elements were first aggregated to 
country-to-country matrices. Due to the fact that there were significant 
differences in industrial technologies, environmental installations and lead 
emission densities in different parts of Europe, for better representation of our 
results, three main areas, covering the whole European continent, were separated 
in computations: (i) Hungary; (ii) eastern part of Europe, i.e. the former socialist 
countries without Hungary and (iii) western part of Europe, i.e. all the remaining 
European countries. Results are shown in Fig. 2. It can be seen that total 
(wet+dry) lead deposition increased continuously from 510 t a“1 up to 1450 t a"1 
during the period 1955-1975.

t a'1

years

Fig. 2. Origin of total (wet+dry) lead deposition in Hungary.

Total lead deposition in Hungary started to decrease in the mid-80’s. It is 
expected that due to the further reduction of European lead emission (Berdowski 
et al., 1998), the rate of total lead deposition in Hungary will not exceed 100 t a-1 
in 2000. Percentage contributions from the different source regions selected 
are presented in Fig. 3. It can be concluded from this figure that the relative 
share of regions contributing to Hungarian lead deposition were practically
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unchanged during the period 1955-1980: relative contributions of Hungarian 
sources, western European sources and eastern European sources were 
between 18-20%, 29-32% and 48-53%, respectively. Lowest Hungarian 
contribution to the total lead deposition was estimated for the mid-80’s. During 
the 90’s, the relative contribution o f the western European sources decreased 
significantly: it can be explained by the intensive reduction of lead content in 
gasoline used in western European countries.

100%

9 0 %

8 0 %

7 0 %

6 0 %

5 0 %

4 0 %

3 0 %

20%

10%
0%

1 9 5 5  1 9 6 0  1 9 6 5  1 9 7 0  1 9 7 5  1 9 8 0  1 9 8 5  1 9 9 0  1 9 9 5  2 0 0 0

years

Fig. 3. Origin of total (wet+dry) lead deposition in Hungary (%).

Spatial variabilities of 850 hPa backward trajectories and lead concentra­
tions were estimated at K-puszta station for the ten year period of 1988-1997. 
It can be seen in Fig. 4, that the prevailing backward trajectory directions are 
NW and W, while highest lead concentrations were observed when air masses 
came from SE, E and S. It is explained by the fact that lead emission densities 
were higher over the SE European countries than those of over western and 
northern part of the European continent during the period investigated.

As it was mentioned in the sections above, atmospheric lead transport and 
deposition is a long-range environmental problem. It means that Hungary not 
only “imports” lead through the atmosphere but it is a significant lead 
“exporter” as well. Based on TRACE model computations it was possible to 
estimate the quantitative distribution of total lead deposition in Europe, 
originating from Hungarian sources. Results of computations are plotted in
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Fig. 5. It was concluded that 26% of lead emitted in Hungary is deposited in our 
country, while 57 % is deposited in the eastern European region. The remaining 
17% is transported and deposited in western Europe. In other words it means 
that only 260 t of 1063 t lead emitted in 1975 in Hungary was deposited in our 
country, the majority of lead emitted left Hungary through atmospheric long- 
range transport processes.

Fig. 4. Distribution of 850 hPa backward trajectories (%) and Pb concentrations (ng n r3) 
by spatial sectors at K-puszta, during 1988-1997.

t a '1

1 9 5 5  1 9 6 0  1 9 6 5  1 9 7 0  1 9 7 5  1 9 8 0  1 9 8 5  1 9 9 0  1 9 9 5  2 0 0 0

years

Fig. 5. Total deposition of lead emitted from Hungarian sources.
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Lead concentration in atmospheric aerosol and precipitation has been 
monitored since the early-80’s in Hungary at the regional background air 
pollution monitoring station, K-puszta (Bozo, 1996). Wet deposition is calcu­
lated by multiplying the lead concentration in precipitation water by the precip­
itation amount. Highest wet deposition rate was detected in 1987 (9.06 mg m~2 a"1) 
while the lowest was detected in 1998 (2.21 mg m“2 a"1). Based on historical 
European emission data model computations were performed for the receptor 
location of K-puszta, Hungary: their results and the wet deposition rates 
measured are plotted together in Fig. 6. For the period of 1955-1985 only 
model computations were available: it can be seen that highest wet deposition 
rates were calculated for the 70’s (appr. 11 mg m“2 a '1). Since the early 80’s 
there has been a continuous decrease in the wet deposition rate of lead in 
Hungary: it is reflected both in model computations and regional background 
measurements. On the basis of model calculations one can expect that wet 
deposition rate of lead in 2000 could be around 1 mg m"2 a 1 in Hungary under 
regional background conditions. It can also be concluded from the figure that 
results of model simulations underestimate the wet deposition measurements by 
10-20%. The reason for that could be the underestimations in lead emission 
data and the uncertainty in parameterization of wet scavenging processes in the 
atmosphere.

5. Comparison of model results with wet deposition measurements in Hungary

mg m'2 a'1

Fig. 6. Computed and measured rates of wet lead depositions.
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6. Cumulative lead deposition

The rate of lead deposition varied significantly during the past decades. Due to 
the cumulative characteristics of lead in our environment, it is advisible to 
estimate the cumulative lead deposition in Hungary for the past 45 years and to 
provide some quantitative estimates for the next decade. This type of 
simulation was also done by means of TRACE model computations. Historical 
emission data were taken from Olendrzynski et al. (1995) while future 
scenarios are based on the calculations of Berdowski et al. (1998). For 
comparisons, the target of model simulations was not only Hungary but a few 
other countries in different regions of Europe — United Kingdom, The 
Netherlands, Spain, Austria, Romania and Poland {Fig. 7) It is not surprising 
that cumulative lead deposition was much higher during the 30 years of the 
period 1955-1985 than that of 1985-2015. Regarding Hungary, the rate of 
total lead deposition was 320 mg m“2 during 1955-1985, while on the basis of 
model computations it is expected that it will not exceed 95 mg nT2 during the 
consecutive 30 years period (1985-2015). It can also be stated that in some 
selected countries (e.g., The Netherlands or Austria) the cumulative lead 
deposition rate was higher than in Hungary, while in the case of Romania and 
Spain lower cumulative deposition rates were estimated.

mg m'2

Fig. 7. Cumulative lead depositions in a few European countries.
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7. Atmospheric budget o f  lead over Hungary during 1955-2000

On the basis of model computations performed and the historical lead emission 
data for Hungary, the atmospheric budget of lead can be estimated as the 
difference between total deposition and emission. Results are shown in Fig. 8. 
It can be concluded that the budget is positive during the whole period 
investigated so our country plays a net “importer” role in the European 
atmospheric lead budget. It was also calculated how the atmospheric budgets 
relates to the actual emission rates in a few selected European countries. 
Results for the period 1960-2000 are presented in Fig. 9. It was concluded that 
at the western boundaries of the European continent (UK, The Netherlands) 
this parameter is negative due to the fact that the relative contribution of 
the countries’ own sources to the total lead deposition in these countries is 
significant: prevailing atmospheric transport from the Northwest reduces 
the influence on atmospheric lead transport from other European countries. 
In Hungary, the value of this ratio varied between 0.32-0.58 between 
1960-2000.

t a*1

Fig. 8. Atmospheric budget of lead in Hungary.
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Fig. 9. Ratio of atmospheric lead budget to the lead emission in selected countries.

8. Conclusions

Historical lead deposition in Hungary was investigated in this paper by means 
of long-range transport model computations. To the extent that observations 
were available, modeling results were compared with the wet deposition rates 
measured at K-puszta station in Hungary. On the basis of these investigations 
the following main conclusions can be drawn:

(1) Transboundary sources of lead dominated the total (wet+ dry) lead 
deposition in Hungary during the period 1955-2000: their contribution is 
estimated to be 81-84% of the total. Highest deposition rates were 
computed for the 70’s (above 1400 t a"1 lead deposited);

(2) Cumulative deposition rate of lead in Hungary was computed to be 320 
mg mf2 for the period 1955-1985, while it is expected not to exceed the 
rate of 95 mg m“2 during the period 1985-2015;

(3) Phasing out leaded gasoline from the market in most of the European 
countries will eliminate the majority of atmospheric lead pollution and 
deposition problems during the next decade. Annual emission rates of 
lead are going to decrease rapidly in SE European countries as well, 
while the relative contribution of industrial and energy source categories
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to the total annual lead emission o f countries will reach higher percentage 
shares than those during the past decades.

(4) Atmospheric budget of lead was positive in Hungary during 1955-2000, 
that is the rate of total lead deposition in the country exceeded the rate of 
emission from Hungarian sources: ratio between the atmospheric budget 
and emission varied in the range o f 0.32-0.58.
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Abstract-In this paper, winter cases associated with heavy precipitation are examined. The 
aim of the investigation was to determine as many characteristics of these cases as possible 
with regard to the geographical and temporal differences. Both the amount and the state of 
precipitation were considered in order to improve the forecast of winter precipitation. In 
the first part of the paper the database and methods used, as well as the main features of 
heavy precipitation events in winter are presented. The most important results connected 
with these include the quite limited duration and spatial extent of the investigated events, 
considerable geographical (West vs. East) and seasonal differences, and quite low 
frequency of the cases with only snow. These results can be considered very useful because 
a good knowledge of the characteristics of heavy precipitation events is essential to their 
prediction. The second part of the paper contains the classification of heavy precipitation 
events (synoptic-climatological examination) and the research called parametrical inves­
tigation including the examination of the connection between some meteorological 
parameters and the state of precipitation. Results have shown that the connections between 
the macro-synoptic types and winter precipitation are quite strong. Nevertheless, these 
alone cannot be used for the considerable improvement of precipitation forecasts. Further 
investigations on smaller scales (sub-synoptic scale, mesoscale, microscale) are needed in 
order to reveal the important processes determining the development of precipitation. The 
first step into this direction has already been made in this research. Using a mathematical- 
statistic method (Bayes-decision) an accurate procedure for the objective forecast of the 
state of precipitation was developed, which can be successfully used in the operational 
work, too.

Key-words: winter precipitation, heavy precipitation events, precipitation forecast, 
synoptic-climatology, state of precipitation, Bayes-decision.
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1. Background

Nowadays, numerical models are widely used in many areas of meteorology. 
They provide valuable information for the operational short-term weather 
forecast, too. The development of these models has led to a substantial 
improvement of short-term weather prediction, but there are some meteoro­
logical elements, which cannot be forecasted exactly enough using these 
models. One of them is precipitation.

There are many reasons for the inaccuracy of precipitation forecasts by 
numerical models. The main problem is associated with the parameterisation of 
precipitation processes in models with limited resolution in space and time. 
The only efficient way to improve precipitation forecasts is to examine as 
many past cases as possible and to try to determine what the dominant 
processes connected with the development of precipitation are. A proper 
method is based on synoptic-climatology, which means an investigation of 
meteorological parameters as a function of the synoptic situation. The rapid 
development of synoptic-climatology began in the 40-s, when Baur (1948) 
made the first classification of synoptic situations for Europe. Since then many 
new classifications have been made and much research has been carried out 
using these weather types.

Many synoptic-climatological studies have been made in connection with 
precipitation. One of these was performed by Maddox et at. (1979). They 
investigated 151 intense mesoscale weather systems resulting in heavy preci­
pitation between 1973-1977 in the USA. It was found that these systems 
develop in one of 4 different synoptic situations. Another similar investigation 
was made by Bartels (1989), who studied 82 cases with heavy precipitation 
between 1931-1980 in Germany. He showed that orografic lifting by the Alps 
leads to a large difference between the northern and southern parts of Germany 
in the characteristic weather types related to heavy precipitation.

According to Lauscher (1985), Mediterranean cyclones play an important 
role in the weather of South- and East-Austria. One of his results was that a 
special kind of Mediterranean cyclone, which passes through the Carpathian 
Basin and touches the eastern part of Austria (these are also called Vb 
cyclones; their name created by Van Bebber dates back to the end of the 19th 
century), causes the highest mean daily precipitation amount in Vienna, 
namely 9.7 mm.

Similar research has been carried out in Hungary, too. Peczely (1961), 
who created the weather types for the Carpathian Basin, investigated some 
quantities in connection with precipitation. He determined the synoptic 
situations in which the mean daily precipitation amounts are the largest in 
Hungary. It was also shown that the situation with Hungary located in the
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warm sector of a Mediterranean cyclone is very favorable to the development 
of large precipitation amounts.

Bodolaine (1983) examined the synoptic conditions of floods on the basin 
of the Danube and the Tisza rivers. She classified the weather types that can 
lead to flooding using a period of over 100 years. The greatest merit of her 
classification is that the weather types are defined by relatively stable 
meteorological fields both on the surface and in the lower Troposphere. These 
fields always describe a process and not a momentary state of the atmosphere 
like many other classifications do.

Verifications have shown that the biggest errors of precipitation forecasts 
occur in case of large amounts of precipitation. Therefore, it is worth 
performing research in connection with weather systems causing heavy 
precipitation. Although much research on heavy precipitation during the warm 
season has occurred, there are only few investigations associated with large 
precipitation amounts in winter. The main reason for this dearth of research is 
that such situations are generally not characteristic of this season. But it also 
must be taken into account that winter precipitation in certain states can cause 
dangerous situations even if its amount is not too large. Nevertheless, only 
case studies have mostly been made in this topic. The work of the Spanish 
researchers Selles and Franch (1994) can be considered as an example of the 
very few exceptions. They investigated the snowfalls in the south-eastern part 
of the Pyrenees using data from a 30-year period. Among others it was shown 
that on average 31 % of the annual precipitation falls as snow and the biggest 
daily amounts of snow are caused by Mediterranean cyclones.

In this paper, the gap mentioned above is to be filled. Our aim is to 
examine winter situations with heavy precipitation in Hungary from as many 
points of view as possible with regard to the spatial and temporal differences. 
The biggest part of the research is made up by a synoptic-climatological 
investigation. The main purpose of this examination was to find out to what 
extent processes on the synoptic scale determine the amount and state of 
precipitation. Recent numerical models are able to forecast the macro-synoptic 
situation quite accurately for a few days. So if there is a very strong connec­
tion between the macro-synoptic types and precipitation, the forecast of the 
latter can be considerably improved. Nevertheless, investigations on smaller 
scales are absolutely necessary, because many of the important processes 
determining the development of precipitation are related to these. Accordingly, 
in the second part of the research, it was tried to carry out investigations on 
smaller scales. Both the amount and the state of precipitation were involved in 
this examination, but only the results associated with the latter are presented in 
the paper.
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2. Database and methods

The weather systems causing large amounts of precipitation occurring in the 
winter periods of the years between 1986 and 1997 in Hungary were investi­
gated. The number of the cases in these 11 winter periods was sufficient to 
carry out statistical investigations. The winter periods consisted of the months 
November, December, January, February and March. The months November 
and March were involved because winter precipitation (snow, sleet, freezing 
rain, etc.) quite often occur in both of these months in Hungary. In order to 
determine geographical differences, Hungary was divided into six parts each 
representing a characteristic region of the country: 3 areas in West- and 3 
areas in East-Hungary (Fig. 1).

Those days of the mentioned periods were selected when the areal 
average of the daily precipitation amount was at least 5 mm in at least one of 
the areas. These cases were regarded as heavy precipitation events. The 
threshold value of 5 mm can be considered adequate because areal averages of 
the daily precipitation amount exceeding this value are quite rare in Hungary in 
winter. The areal average of the precipitation was calculated by the arithmetic 
mean of the daily precipitation data of the meteorological stations in the area. 
Data of all meteorological stations were used where precipitation amount is 
measured, so the calculation can be regarded as quite accurate in spite of using 
a relatively simple method.

The state of precipitation, the forecast of which is not an easy task during 
the winter period, was also considered in this research. It is also quite difficult,
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however, even to determine the state of precipitation occurring earlier because 
of the large spatial and temporal changes. Relatively detailed data on precipi­
tation type are only available for synoptic stations, but at limited spatial 
resolution. If all the meteorological stations are considered, then there are 
sufficient data in space but not in time, because the stations measuring only 
precipitation report precipitation type just once a day, namely the one with the 
highest code. Therefore, it has to be accepted that the state of precipitation 
cannot be determined without errors.

The selected cases were also classified using two different methods, 
namely Péczely’s and Bodolainé’s weather types. Péczely’s weather types 
(.Péczely, 1957, 1983) are defined only by the surface pressure field, but 
contain all the synoptic situations. Their codes and explanation are shown in 
the Appendix. Bodolainé’s weather types (Bodolainé, 1983) are defined by the 
fields of several meteorological parameters (not just pressure), namely absolute 
topography of the 500 mb level (AT500), relative topography of the 500/1000 
mb level (RT500/1000), surface pressure and precipitable water, but contain 
only those synoptic situations that can lead to flooding (see the Appendix). In 
spite of that, they are more suitable for research connected with precipitation 
than Péczely’s weather types.

In the second part of the study the connections between some 
meteorological parameters and the amount and state of precipitation were 
examined. In order to carry out these investigations for the weather systems 
causing heavy precipitation, the fields of the parameters are needed. Because 
of the sparsity of upper-air data, the data of only one station, Pestlőrinc 
(Budapest) was used to calculate the parameters for this point only. Those days 
of the winter periods mentioned earlier were selected when the daily 
precipitation amount was at least 5 mm at this station. This data is measured 
from 06 UTC to 06 UTC next day, so this 24-hour period can be divided into 
the following parts: 06 U TC-18 UTC and 18 UTC-06 UTC. Data from the 12 
UTC sounding are taken to refer to the first period and those from the 00 UTC 
sounding to the second period. Only those 12-hour periods were considered, in 
which precipitation actually occurred. In this part of our research, emphasis 
was placed on the state of precipitation. A mathematical-statistic method called 
Bayes-decision was used to determine the threshold value that separates the 
values of a certain parameter characteristic for the liquid and the solid state in 
the most optimal way from a statistical point of view. That makes possible the 
objective forecast of the state of precipitation, too.

It must be emphasised that—even if it is not always mentioned— 
everything presented in the paper is relevant only to the cases with heavy 
precipitation, as defined above.
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3. Characteristics o f weather systems causing heavy precipitation in winter

One of the most important features of heavy precipitation events is their 
frequency. In Fig. 2 it is shown how often cases with an areal average of the 
daily precipitation amount of at least 5, 10 or 20 mm occurred during the 
investigated period in at least one of the 6 areas. There is a marked seasonal 
change in the number of the cases. Heavy precipitation events mostly occurred 
in November and the fewest cases were observed in January. Also, weather 
systems causing a daily precipitation amount of at least 20 mm on areal 
average are quite rare in Hungary during winter time. Their mean frequency is 
smaller than 1 even in November!
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The next step was to determine the spatial differences. It was found that 
in each area the monthly change o f the frequency of heavy precipitation events 
is quite similar to the country-average mentioned earlier, except in East- 
Hungary, where the majority of the cases occurred in December and not in 
November as in the other parts of the country. Fig. 3 compares the number of 
heavy precipitation events that occurred in the 6 areas during the investigated 
period. It shows that in Transdanubia (Area 1, 2 and 3) more cases occurred 
than in the eastern part of the country. It also can be seen that in two of the 
eastern areas (in the Northern-Mountains area and in East-Hungary) there were 
no days during the investigated period when the areal average of the 
precipitation amount was at least 20 mm. Meanwhile, there were days with a 
precipitation amount of more than 27 mm on areal average in all the three
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Transdanubian areas, and the maximum value was 35 mm, which occurred in 
South-Transdanubia.
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Fig. 3. Frequency of the days with areal average precipitation amount of at least 
5, 10 or 20 mm in the six areas.

The maximum daily precipitation amounts were also investigated in our 
research. It was found that values over 40 mm are quite rare in Hungary 
during the winter period, but they occurred in the western part of the country 
much more frequently than in the eastern part. The absolute maximum daily 
precipitation amount was 75 mm and it was measured in North-Transdanubia. 
A very close connection was found between the areal average of the daily 
precipitation amount and the maximum daily precipitation amount measured in 
the same area. It can be stated that the maximum value is at least 1.5 times 
higher and on average twice as high as the areal average. Therefore, in case of 
an areal average precipitation exceeding 20 mm the maximum value must be 
more than 30 mm and on average more than 40 mm. The possibility that in 
East-Hungary the lack of cases with a daily precipitation average of at least 20 
mm is due to the relatively large extent of the area compared to the other areas 
can be dismissed, because this was the region where the fewest cases with a 
maximum value over 40 mm occurred (only 2 cases).

The areal extent of heavy precipitation events was examined as well. 
Mostly only one or two areas are involved. The cases in which heavy 
precipitation occurs throughout the country are quite infrequent. It was also 
shown that heavy precipitation events including at least half of Hungary (3
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areas or more) mostly occur in November and their number is decreasing 
during the winter period, whereas the frequency of the cases when much 
precipitation occurs in only one or two areas has a minimum in January and 
maxima in November, December and March.

Following the many spatial characteristics it is worth mentioning some 
temporal features, too. In Fig. 4 the distribution of the length of those periods 
is shown when the areal average of the precipitation amount was at least 5, 10 
or 20 mm in at least one of the areas every day of the period. Even in case of 5 
mm the heavy precipitation period usually lasts only 1 day. Considering 
precipitation amounts of at least 20 mm, only one case during the investigated 
period lasted for 2 days. The maximum length of the period consisting of days 
with a precipitation average of at least 5 mm is 5 days and for 10 mm is only 3 
days. The time intervals between heavy precipitation events vary quite 
irregularly. There were 3 winter periods without a daily precipitation amount 
of at least 20 mm on areal average, but-there were also periods lasting more 
than 70 days without a daily precipitation average of at least 5 mm.

Fig. 4. Distribution of the length of heavy precipitation periods.
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Next the state of precipitation was investigated. The type of precipitation 
was determined in the areas in case of heavy precipitation events. The types 
used are listed in Table 1. The type “only freezing rain” is absent from Table 1 
because this case did not occur during the investigated period. Results from the 
cases with a precipitation amount of at least 10 mm on areal average can be 
seen in Fig. 5. Here the distribution of the precipitation types are shown with 
those areas where the areal average of the daily precipitation amount was at 
least 1, 5 or 10 mm. Therefore these results do not refer to one area but to that 
part of the country where a given amount (1, 5 or 10 mm) of precipitation 
occurred. In case of the biggest part of heavy precipitation events, only rain 
occurs. The frequency of cases with snow and rain is also high, but there are 
not many cases with only snow. Furthermore, if the areas with smaller 
amounts of precipitation are also considered, their frequency is even lower. 
Thus, cases with heavy precipitation and only snow in the whole country are 
very rare in Hungary and they require special conditions. The frequency of 
freezing rain is also quite low; it occurs more frequently when both rain and 
snow are falling.

Table 1. Precipitation types used in the research

Precipitation type

Rain

Snow

Snow, rain

Snow, rain, freezing rain 

Snow, freezing rain 

Rain, freezing rain

Explanation

Only rain in the whole area during the whole 24-hour-period 

Only snow in the whole area during the whole 24-hour-period 

Both snow and rain in the area

Besides snow and rain, also freezing rain in some parts of the area 

Besides snow only freezing rain in some parts of the area 

Precipitation in fluid state, part of it freezing rain

Spatial differences were also investigated. The relative frequency of cases 
with only rain is quite similar in the whole country. The same cannot be said 
for snow, because in the western part of Hungary more cases occurred (the 
relative frequency is about 25% for precipitation amounts of at least 10 mm 
occurring in the given area), than in the eastern part of the country. Surpris­
ingly, it was the Northern Mountains area where the relative frequency of the 
cases with only snow was the lowest during the investigated period for the days 
with a precipitation amount of at least 10 mm. The most plausible explanation 
for that will be given in section 4. Finally, it was also found that the frequency
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of freezing rain during heavy precipitation events is much higher in the eastern 
areas than in Transdanubia. The change of the characteristic precipitation type 
during the winter period was investigated very thoroughly as well. It was 
found among others that freezing rain was the only type that did not occur in 
each month of the winter period. In March there were no big precipitation 
events with only snow in any o f the eastern areas, but they did occur in all the 
western areas.

Fig. 5. Distribution of the precipitation types with daily precipitation amount of at least 
10 mm considering the areas with a precipitation average of at least 1, 5 or 10 mm.

4. Classification o f heavy precipitation events

As mentioned in section 2, Peczely’s and Bodolaine’s weather types were 
used to classify heavy precipitation events. Peczely’s weather types were 
determined for every day o f the investigated period, and since they describe 
only a momentary state of the atmosphere, it seemed to be expedient to do the 
classification twice for each day (00 and 12 UTC). It is important to mention 
that our way of classification does not exactly correspond to that of Peczely’s. 
The main reason for that is that Peczely’s method for distinguishing the anti- 
cyclonic from cyclonic types by determining whether the surface pressure is 
over or under 1015 hPa in the biggest part of Hungary was not strictly applied 
in our investigation. The relative value of pressure compared to the surround­
ing areas was considered to be much more important than its absolute value.
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Fig. 6 shows the frequency of Peczely’s weather types that occurred in 
case of large amount of precipitation during the investigated period. More than 
half of heavy precipitation events were caused by the weather type CMw 
(Hungary is situated in the warm sector of a Mediterranean cyclone). The 
frequency of the weather types CMc and C is also quite high, but considerably 
lower than that of CMw. According to Fig. 6, it is obvious that anticyclonic 
types do not play an important role in the development of heavy precipitation 
events in winter. In the following, only cyclonic types will be considered. The 
types zC and mCw are mostly only the antecedents of heavy precipitation 
events because their frequency is much higher immediately before the onset of 
heavy precipitation than during such events.

P eczely's w eather types

Fig. 6. Frequency of Peczely’s weather types with daily precipitation amount 
of at least 10 mm on areal average.

As for spatial differences, it was found that in all areas of the country the 
type CMw has the highest relative frequency, but this value becomes gradually 
lower toward the East. Exactly the opposite can be said for the type CMc, 
which more often causes heavy precipitation in the eastern areas than in the 
western ones. The only cyclonic type that did not occur in all the areas in case 
of heavy precipitation is mCc. Valuable information can be obtained by deter­
mining the distribution of the areal average of the precipitation amount for 
each weather type. The most important result of this examination is that for all 
weather types the daily precipitation average was less than 5 mm in more than
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60% of the cases. This means that even in case of CMw, which most 
frequently causes heavy precipitation events throughout the country, much 
precipitation on areal average is not at all guaranteed. That is, it is not enough 
to know the synoptic situation, it is also necessary to consider other processes 
and parameters connected with the development of large amounts of 
precipitation. The results for West-Transdanubia are shown in Fig. 7.
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Fig. 7. Distribution of areal average daily precipitation amount 
in case of Peczely’s cyclonic weather types in West-Hungary.

This is the only area where CMw is the weather type with the highest 
probability of developing daily precipitation averages of at least 5 mm (and 
also 10 mm). In all the other parts of the country heavy precipitation events are 
most probable in case of the cyclone centre type (C). The type with the least 
probability of heavy precipitation is zC in West- and North-Transdanubia, and 
mCc in the other parts of the country. It was also shown that in the winter 
period, daily precipitation amounts of at least 20 mm on areal average occur 
only in case of Mediterranean cyclones and cyclone centres over Hungary. 
Cases with heavy precipitation in at least half of the country are also mostly 
caused by these weather types.

One of the problems connected with Peczely’s classification is that it is 
not able to separate the situation with a real cyclone centre from the situation 
with a temporary cyclone centre connected with the passage of a Mediter­
ranean cyclone through Hungary. This was the primary reason for using
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Bodolaine’s weather types as well to classify heavy precipitation events. These 
types were determined only for the days with a precipitation amount of at least 
10 mm on areal average in at least one of the areas. The results are shown in 
Fig. 8.

Fig. 8. Relative frequency of Bodolaine’s weather types with daily 
precipitation amount of at least 10 mm on areal average.

A new type with the code Ms can be seen as well, which is not included 
in Bodolaine’s weather types. It was necessary to create it because it quite 
often caused large amounts of precipitation on areal average, and it could not 
be classified as any of the Bodolaine’s weather types. The type Ms represents a 
Mediterranean cyclone situated south from Hungary moving very slowly or not 
at all. This slow motion is caused by a huge blocking anticyclone with centre 
over Northeast-Europe or by the development of the cyclone also on higher 
levels of the atmosphere. In this case the deep trough characteristic for 
Bodolaine’s transposing Mediterranean cyclone (type M) is missing. The fast 
motion of the type M is provided by the very strong south-westerly current in 
the east side of the trough. Cyclones belonging to the type Ms are mostly much 
deeper than those belonging to the type M and their genesis is also different in 
the most cases. Transposing Mediterranean cyclones usually form as frontal 
waves on cold fronts passing over the Alps. Cyclones belonging to the type Ms 
can develop directly in the Mediterranean (e.g. as a result of cold surges) or by 
the movement of cyclones formed over North-Africa or the Atlantic into this 
region. According to Fig. 8, in 73% of the cases the development of large 
amount of precipitation was connected with Mediterranean cyclones. From this 
point of view, Wp is relatively important as well, but the real cyclone centre
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situations (type C) caused only 6% of all cases. Type W and Z occurred only 
once and type H did not occur in case of heavy precipitation events during the 
investigated period.

Seasonal changes were investigated as well. The frequency of the type 
transposing Mediterranean cyclone (M) is the highest, except for the months 
January and February, when Ms is the type that most often causes heavy 
precipitation events. This is due to the higher frequency of blocking anti­
cyclones over Northeast-Europe in these months. The real cyclone centre type 
(C) did not occur in December and January in case of heavy precipitation 
events, whereas Wp caused about 30% of the cases in these months. As for the 
spatial differences, the type M turned out to cause the most heavy precipitation 
events (40-55%) in every area. From this point of view, the type Ms is also 
very important in most of the areas, especially in West- and North- 
Transdanubia and in the middle part of Hungary. The relative frequency of the 
type Ms in case of a daily precipitation amount of at least 10 mm on areal 
average is lowest in the Northern Mountains area. This is also the area where 
the role of Mediterranean cyclones (M and Ms) is the least important in the 
country in the development of heavy precipitation, but their frequency exceeds 
60 % even in this part of Hungary. Finally, the relative frequency of types C 
and Cw in such cases is much higher in the Northern Mountains area and in 
the middle part of Hungary than in the other regions of the country.

One of the advantages of creating the type Ms can be seen in Fig. 9, 
where some of the results of our investigation concerning the connection 
between the synoptic situation and the state of precipitation are shown. Only 
the areas with a precipitation average of at least 5 mm were considered. About 
80% of the cases with only snow were caused by the type Ms. The other 
Mediterranean cyclone type, M turned out to cause only 6-7% of such cases. 
Type Ms provides favourable conditions for the development of freezing rain 
as well, whereas the type M mostly causes cases with only rain or both rain 
and snow. Another important result is that the real cyclone centre type (C) did 
not cause any cases with only snow or cases with freezing rain during the 
investigated period.

At the end of this section, we attempt to give an explanation for our most 
surprising result mentioned in section 3, namely that it is the Northern 
Mountains area where the cases with only snow make up the smallest part of 
heavy precipitation events. It has been shown in this section that heavy 
precipitation events with only snow occurred in about 80% in case of the type 
Ms. It has also been mentioned that for weather type Ms it is the Northern 
Mountains area where the probability of heavy precipitation is the smallest in 
the country. Therefore, it follows that it is the Northern Mountains area where 
the relative frequency of heavy precipitation events with only snow is the
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lowest, because the weather type Ms, which is the most favourable for such 
cases, does not often provide suitable conditions for the development of large 
amount of precipitation in this area. Here the type M causes heavy precip­
itation events much more often. For this weather type, higher temperatures are 
characteristic in the lower Troposphere than for the type Ms, so precipitation 
mostly falls as rain or both snow and rain even in this mountainous area.
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Fig. 9. Relative frequency of Bodolaine’s weather types with daily precipitation amount 
of at least 10 mm on areal average as a function of the state of precipitation.

5. Parametrical investigations

In the last part of our research the connections between some meteorological 
parameters and the amount and state of precipitation were examined. In this 
section some of our results concerning the state of precipitation will be 
presented. As mentioned in section 2, the data of the station at Pestlőrinc 
(Budapest) were used and only those days of the investigated period were 
considered when the daily precipitation amount was at least 5 mm at this 
station. Data from the 12 UTC soundings were taken to refer to the first half of 
these days and those from the 00 UTC soundings to the second half of them.

119 days were found which met the criteria above. They were divided 
into 238 12-hour periods, but precipitation was observed only in 197 of these 
cases. First, the distribution of the state of precipitation for these periods was 
determined. In 65% of the cases only rain occurred and the percentage of the
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cases with only snow was merely 20%. Both rain and snow occurred in 11% 
of the cases and the relative frequency with partly freezing rain made up only 
4%. Next, it was examined which surface temperatures (Ts) are characteristic 
for the different precipitation types (Fig. 10). The precipitation types used are 
shown in Table 2. It can be seen that precipitation of liquid and solid state 
mostly occurred in case of positive and negative surface temperatures, respec­
tively. Between -4°C and +4°C , however, both types were observed and also 
these are the most characteristic temperature values for the mixed type.
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Fig. 10 Distribution of surface temperature for heavy precipitation events in winter 
as a function of the state of precipitation.

Table 2. Precipitation types used in the research

Precipitation type Explanation

Liquid type 
Solid type 
Mixed type

Only rain or mostly freezing rain during the whole period 
Only snow during the whole period 
Both snow and rain or partly freezing rain

The state of precipitation observed on the surface is influenced by all the 
layers of the atmosphere that the precipitation elements were falling through. 
Therefore, the precipitation type reflects the meteorological conditions of the 
whole lower Troposphere. Although there is connection between the surface 
temperature and the state of precipitation (as shown in Fig. 10), in most cases
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the temperature measured near the surface (at a height of 2 m) is obviously not 
able to influence the precipitation type. The only exception is freezing rain that 
is caused by negative temperatures near and on the surface. Mostly it is just the 
other way around, that is the state of precipitation influences the surface 
temperature. This fact can be illustrated with the following example: if the 
surface temperature is positive and in spite of that the precipitation elements 
reach the surface as snow, then after a while the surface temperature is 
gradually decreased by the thawing of the snow. So other parameters had to be 
found that really influence the state of precipitation. The parameters chosen 
can be seen in Table 3. The last two parameters provide information about the 
temperature conditions of atmospheric layers and not only single levels like the 
other 4 parameters do. After determining the distribution of each parameter in 
case of the different precipitation types, it was found that there were significant 
differences in the extent of overlapping the values characteristic for the liquid 
and the solid state in case of the different parameters. It could be stated that the 
higher the level, the less the values were separated, resulting in larger over­
lapping. In case of RT850/1000 the values were quite separated (small 
overlapping).

Table 3. Meteorological parameters used in the research

Parameter Explanation

T925 Temperature of the 925 hPa level
T850 Temperature of the 850 hPa level
T700 Temperature of the 700 hPa level
T500 Temperature of the 500 hPa level
RT850/1000 Thickness of the layer between 850 and 1000 hPa
RT500/1000 Thickness of the layer between 500 and 1000 hPa

In the following, a mathematical-statistic method based on the Bayes- 
decision (.Dévényi and Gulyás, 1988) was used to determine the threshold value 
that separates the values of a certain parameter characteristic for the liquid and 
the solid state in the most optimal way from a statistical point of view. In this 
investigation only that part of the cases was considered in which only snow or 
only rain was observed. Two random variables were used: one of the above- 
mentioned parameters was regarded as the predictor and the state of 
precipitation (snow or rain) as the predictand. It is important to emphasise that 
the value of the predictor was assumed to be known. The function, with the 
help of which the predictand is estimated from the value of the predictor, is 
called decision function. The accuracy of the estimation is given by the so-
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called loss function, which is only a function of the difference between the real 
and estimated values of the predictand. The loss function is also a random 
variable and its expected value is called the risk of the estimation.

Our aim was to find the Bayes-decision, that is the decision function with 
the minimum risk in case of a certain loss function. Since our predictand 
variable is discrete and it can have only the values "1" and "2" (snow, rain), 
the decision function is equivalent to dividing the possible values of the 
predictor variable into two disjoint sets. In this case the decision function 
operates as follows: if the value of the predictor is in setl, the value of the 
predictand is “1” (that is the estimation of the state of precipitation is snow) 
and if the value of the predictor is in set2, the predictand has the value “2” 
(that is the estimation of the state of precipitation is rain). The predictor 
variable can be a vector (.Matyasovszky et al., 1993), but in our case it was 
chosen as a scalar, that is it always contains only one of the mentioned 
parameters. This means that the elements of the two sets are also scalar, so 
these sets can be simply created by determining the threshold value that 
separates the values of the predictor belonging to set, from those belonging to 
set2. It can be shown that in this case the sets equivalent to the Bayes-decision 
are the following:

W21 and Wn are the elements of the loss matrix (equivalent of the loss 
function in case of a discrete predictand), and both were given the value “1”, 
because both kinds of poor estimations (snow was estimated but rain occurred 
and the other way around) were regarded as equally important. In the formula 
above p l and p2 mark the probability of snow and rain, whereas f x and f 2 are 
the conditional density functions of the predictor for snow and rain. Consider­
ing the value of W2l and Wi2, it is obvious that the threshold value can be 
obtained from the following equation:

P\ ■ f \  (x) = p 2 (3)

The four components of this equation were estimated using the cases that 
occurred in the investigated period. Probability of snow and rain (px and p2) 
were substituted with their relative frequency during the investigated period. 
The distribution of the predictor variable was assumed to be normal, so the
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estimation of the expected value by the mean of the sample and that of the 
variance by the empirical dispersion were sufficient to determine/! and /2. The 
threshold value could be simply obtained by determining the value that satisfies 
the equation above. The products on both sides of the equation can also be 
interpreted as the conditional density functions of the predictor weighted with 
the probability of the given state of precipitation, and the curves belonging to 
the two functions intersect at the threshold value.

In order to demonstrate this, Fig. 11 was made, where the weighted 
conditional density functions are represented in two cases, namely when 
RT850/1000 and when T500 was chosen as the predictor variable. These two 
parameters were selected intentionally, because RT850/1000 is the parameter 
with the smallest and T500 is the parameter with the largest overlapping the 
two density functions among the investigated parameters. It also can be seen 
that in case of T500 the value belonging to the intersection of the two curves 
(threshold value) is smaller than the expected value of T500 in case of snow, 
that is the probability of rain is higher than that of snow even if the predictor 
has the value, in case of which snow most often occurs. A similar statement 
can be made only in case of T700 (Table 4). Obviously, it is worth using only 
those parameters for estimating the state of precipitation, for which the 
threshold value is between the two expected values. In order to find out how 
exact the estimations are in case of the mentioned parameters, the risk of the 
estimation was determined in each case.

RT850/1000 (gpm )

-40 -35 -30 -25 -20 -15 -10

T500 (°C)

Fig. 11. Weighted conditional density functions of two meteorological parameters 
for heavy precipitation events in winter.

According to its definition, the risk corresponds to the area situated under 
the intersection of the two density functions bordered by the curves belonging 
to these functions (this area has been called overlapping so far). Using an
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approximation the risk was determined for all parameters investigated. It is 
made up of two parts, one contains the probability of estimating snow in case 
of rain (Error 1) and the other is the probability of the reversed situation 
(Error2). In Table 5 all the three values are given as a percentage. It is 
important to emphasise that these values are only valid when the value of the 
predictor is exactly known. In order to forecast the state of precipitation the 
value of the predictor has to be forecasted as well, with the help of which the 
estimation is carried out. So the real value of the risk is typically higher than 
that given by Table 5 depending on how accurate the forecast of the predictor 
is. Although Ts is the third best predictor among the investigated parameters, 
there is no value in using it, because its forecast is quite inaccurate as 
mentioned earlier. The risk is in case of T500 and T700 the largest, which 
indicates that the temperature conditions over about 3000 m do not influence 
the state of precipitation too much.

Table 4 Conditional expected values of the investigated parameters and the threshold values

Parameter Expected value for 
snow

Expected value for 
rain

Threshold value

Ts -2.8°C 6.7°C 0.7°C
T925 -4.5°C 5.1°C -1.0°C
T850 -5.4°C 2.0°C -3.1°C
T700 -10.3°C -6.3°C -10.7°C
T500 -25.7°C -21.T C -28.7°C

RT850/1000 1281.0 gpm 1326.9 gpm 1298.0 gpm
RT500/1000 5315.6 gpm 5426.3 gpm 5339.8 gpm

Table 5. Mean error of the estimation of the state of precipitation using different parameters
as predictor variables

Parameter Error 1 (%) Error2 (%) Risk (%)

Ts 2.05 3.09 5.14
T925 1.90 2.20 4.10
T850 3.45 3.34 6.79
T700 4.49 12.56 7.05
T500 2.67 18.00 20.67

RT850/1000 1.68 1.88 3.56
RT500/1000 4.95 6.75 11.70
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Cases with freezing rain were also investigated, but their number was too 
small to draw conclusions. Another problem was that in most of the cases 
freezing rain occurred between two soundings, so the data available can not be 
considered representative. The detailed investigation of freezing rain requires 
the extension of the examination to the cases with a daily precipitation amount 
less than 5 mm, because freezing rain very seldom occurs in case of heavy 
precipitation events investigated in this research.

6. Conclusion

First, it can be stated that many important features of heavy precipitation 
events in winter were determined. Probably the most important of these was 
that very special conditions are required for large amounts of precipitation in 
form of only snow in the whole country. Further results included:

• the marked change in the frequency of the cases and the characteristic 
precipitation type during the winter period;

• considerable geographical differences (West and East) in the number of 
the cases, precipitation amounts and the percentage of several 
precipitation types;

• quite limited duration (usually 1 or 2 days) and spatial extent (mostly only 
1 or 2 areas, that is, less than half of the country was involved).

The most important results relevant to the connection of the synoptic 
situation and heavy precipitation events (HPE) in winter:

• FlPEs are mostly caused by Mediterranean cyclones (Peczely’s CMw, 
CMc and Bodolaine’s M, "Ms" type), but the cyclone centre type has the 
highest probability of developing such cases (30-40%) except for West- 
Hungary.

• The new macro-synoptic type Ms, which was created in order to make 
Bodolaine’s classification complete in terms of this research, caused about 
80% of the cases with only snow and nearly 50% of the cases with 
freezing rain.

• A plausible explanation for the surprising finding about the Northern 
Mountains area (percentage of the cases with only snow) was given.

Finally, parametrical investigations have led to many valuable results as 
well including:

• The characteristics of the layer between the surface and about 1500 m are 
the most important concerning the state of precipitation.
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• Using a mathematical-statistic method based on the Bayes-decision a 
procedure for the objective forecast of the state of precipitation was 
developed.

• RT850/1000 proved to be the best parameter investigated the mean error 
of the estimation being only 3.6% in case of using this parameter as the 
predictand.

To sum up the facts above, it can be stated that synoptic-climatological 
investigations are able to improve our understanding of the processes 
connected with the development o f precipitation. A considerable improvement 
of precipitation forecasts, however, cannot be achieved without carrying out 
comprehensive examinations on smaller scales (sub-synoptic scale, mesoscale, 
microscale) as well. Nevertheless, our investigation can be considered very 
useful because it pointed out the utmost importance of the processes on these 
scales even in winter. Possible further research could include the examination 
of the applicability of the so-called composite chart method (Maddox, 1979; 
Bonta, 1991) to winter cases.

Furthermore, the state of precipitation can be considerably influenced by 
precipitation intensity as indicated by Steinacker (1983), among others. The 
two main processes connected with that are cooling of the air by the evapo­
ration of precipitation and the melting of snowflakes before reaching the 
ground. In the future, both of these processes should be taken into account 
when estimating the state of precipitation. This, however, might only be 
successful when much better quantitative precipitation forecasts are available.
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APPENDIX

Peczely’s weather types

Code Explanation

mCc Hungary is located in the rear of an East-European cyclone 

AB Anticyclone over the British Isles

CMc Hungary is located in the rear of a Mediterranean cyclone

mCw Hungary is located in the warm sector of a West-European cyclone

Ae Anticyclone east from Hungary

CMw Hungary is located in the warm sector of a Mediterranean cyclone 

zC Zonal cyclonic situation

Aw Anticyclone extending from the west

As Anticyclone south from Hungary

An Anticyclone north from Hungary

AF Anticyclone over the Fennoscandinavian region

A Anticyclone with centre over the Carpathian-Basin

C Cyclone with centre over the Carpathian-Basin

Bodolaine’s weather types

Code Explanation

W West type

Wp West with secondary disturbation type

z Zonal type

M Transposing Mediterranean cyclone type

c Cyclone centre type

Cw West cyclone type
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Abstract—This paper presents newmethod and preliminary regional scale wind patterns for 
Europe, which fill the gap between the global climatologies and more local scale surface 
wind climatologies like the European wind atlas. The aim of establishing regional scale 
wind maps is to provide readily available regionally representative flow statistics. 
Preliminary maps based on 2 years of measured 850 hPa wind direction and speed data 
from 120 sounding stations show characteristic patterns (see Figs. 1, 2 and 3). Statistical 
analysis shows close correlation between short and long series of wind statistics. Such 
maps could be eventually used for top-down extrapolation of yearly mean surface wind 
statistics for data sparse areas by considering effects of terrain, surface and obstacles.

Key-words: regionally representative wind, environmental impact assessment, geostrophic 
wind, harmonization of meteorological data preprocessing, wind atlas.

1. Introduction

The paper describes preparatory work and preliminary results on a new 
method of wind analysis, which might serve towards the establishment of a 
regionally representative wind atlas. The research is part of efforts to 
harmonize meteorological data preprocessing. The atlas—an outcome of such 
work—might form a useful tool for top-down (considering locally represent­
ative surface, topographical and orographical conditions) wind inter- or 
extrapolation purposes or for checking climatological or territorial repre- 
sentativity of shorter term wind statistics.

In contrast to the wealth of meteorological data pouring from global 
measuring networks and data assimilation procedures, regionally and 
temporally representative flow data for environmental applications are, for
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numerous reasons, in some countries very scarce. In practice, this long 
standing input-data shortage often led to the situation where even the shortest 
term measurements of field data were used without their representativity being 
questioned.

Literature review

Efforts for mapping wind conditions have long history. Vector mean wind 
direction and speed maps based on 1880-1915 simple surface wind (Wild) 
observations were analysed for the territory of the former Austrian-Hungarian 
Monarchy by Defant (1920). Global distributions of seasonal standard vector 
deviations of 700 hPa winds were presented by Meteorological Office (1950). 
Machta (1979) presented global analyses of seasonal vector mean wind 
direction, speed and vector standard deviation at 850 and 700 hPa and 
presented a graphical methodology to estimate typical concentrations, 
depositions and flux rates for transport within 100-1000 km-s. Peixoto and 
Oort (1992) and Landsberg (1986) also presented global scale wind 
climatologies. Jensen (1984) produced an 850 hPa wind speed map from 
radiosonde data for a narrow band of the Western Europe coastline for wind 
energy applications.

Downward interpolation from geostrophic winds to predict surface winds 
was the original method adopted by the Riso group in producing the Danish 
Wind Atlas but was dropped in favor of a method based on surface wind data 
for their European Wind Atlas (Taylor, 1997). WAsP (Wind Atlas Analysis 
and Application Programme; Troen et al., 1988) corrects wind data measured 
at a specific point and transforms these data into a data set describing the wind 
climate of a region, called a wind atlas. It utilizes such data sets to estimate the 
wind conditions at any particular site and height in the region, in principal by 
applying the same routines.

Szepesi and Fekete (1993) and Szepesi et al. (1995) reported preparation 
of regionally representative surface wind maps for Hungary. For the analysis 
of these maps all available surface wind data series (more than 200 between 
1881-1980) and upper air ascents (22 long series between 1929-1989) in 
Hungary were considered.

Summarizing, it is concluded that while world climate centers are easily 
able to produce global scale assessments for hemispheric grid points based on 
stored data from the principal sounding stations, for regional scale assessments 
there is no substitute for conventional analysis of cleaned long-term data series 
obtained from national archives (e.g., KLIM A 90).
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2. Representativity o f flow statistics

One of the most important aspects of pollution transport is representativity of 
ensemble of flows at the height of the plume. To be representative the 
ensemble of flows has to meet territorial, temporal and height criteria.

2.1 Regional representativity

Locally measured winds are often biased and not representative of the height 
of plume. The smoothed out flow pattern is regionally more representative and 
thus reveals many inconsistencies in siting, measuring and data analysis.

2.2 Temporal representativity

Due to climatic variability of wind conditions temporal representativity is 
ensured mostly by using long-term (~30-year) historical data. If such data 
series are not available, short-term (1-5 year) series could be used if they meet 
temporal representativity criteria i.e., both the short-term and the long-term 
(10-30 year) periods have similar macrosynoptic weather type (MSWT) 
frequency distributions.

As far as the presently analysed 1980-81 period is concerned the MSWT 
analysis shows that cyclonic weather types were 5 % more frequent than in the 
long-term normal period. By using such MSWT analysis and even forecasting, 
the effect of possible climate modification might also be accounted for by 
applying similar criteria.

3. Assessment o f results

The goal of this research is to establish eventually a design 850 hPa wind 
concept to promote harmonization of meteorological data preprocessing for 
dispersion estimates. As a first step upper air wind analyses have to be 
completed taking into account the following principles: (a) They should be 
based on all the long-term (10-30 yr) 00 and 12 UTC 850 hPa wind data 
available, (b) Where only shorter-term (1-5 yr) data series are available they 
have should be checked against long-term macrosynoptic statistics before 
inclusion, and (c) Territorial analysis (smoothing) should be used to ensure 
representative flow data for the region concerned.

The preliminary wind atlas (see Figs. 1, 2 and 3) was prepared using 2 
year (1980-1981) 850 hPa measured upper air wind direction and speed 
statistics. This rather old period was selected because the upper air sounding 
network in Europe was the densest at that time and nothing limited regional
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scale analyses. The evaluation and analysis was carried out manually in the late 
80-ies when the idea of constructing design wind maps emerged. A map 
showing the station locations (see Fig. 1) allows the reader to make a better 
judgement of the spatial representativity of data. Sample gradient wind maps 
were presented at the Ostende Meeting and encountered considerable interest 
(Szepesi and Fekete, 1996).

Fig. 1. Upper air station network.

To make these preliminary maps climatologically more representative, the 
following countries have already provided long-term wind statistics (see Tables 
1-4). (a) For the UK 12 year (1976-1987) 13 station 850 and 700 hPa 00 and 
12 UTC statistics ( D.J. Thomson), (b) for Germany 30 year (1961-1990) 850 
and 700 hPa 00 and 12 UTC statistics (E. Dittmann), (c) for Hungary 28 year 
(1962-1989) 2 sounding and 10 pilot balloon station 850 and 700 hPa 00 and 
12 UTC statistics (D.J. Szepesi), (d) for Switzerland 32 year (1959-1990) 925, 
850 and 700 hPa 00 and 12 UTC wind pattern (A. Aschwanden), (e) for Poland 
20 year (1971-1990) 4 station statistics (Z. Litynska), (f) for Finland 31 year 
(1965-1995) 3 station statistics (M . Lahti). In addition a number of other 
researchers have indicated their intention to participate in this project.

The comparison of preliminary data from the wind atlas (Figs. 2 and 3) 
and longer-term data which are yet not to be part of the atlas are shown in 
Figs. 4 and 5 and Tables 5 and 6. It can be seen in the RMS diagrams (Fig. 4 
and 5) that all the data are near to the 45° trendline. It suggests that the data 
are in strong relationship.
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The RMS of data is higher in case of wind directions (Table 5) than in 
windspeed (Table 6). This means that the windspeed is less changeable than 
the wind direction. There are only few data, which are relative far from the 
trendline. This is shown also by the numerical analysis.

The RMS of wind direction data is 3.54 for the long, and 3.98 for the 
short series. The covariance coefficient between the long, and short series is 
11.23, the correlation coefficient is 0.80. The relative high value of the 
correlation coefficient shows a close relationship.

The RMS of windspeed data is much smaller, the points are very close to 
the trendline. This is shown by the numerical analysis, too. The RMS of the 
long series is 2.11, and 1.97 for the short series. The covariance coefficient is 
3.62; the correlation coefficient is 0.88, which clearly shows a very close 
relationship between the two series.

Summarizing we conclude, that the interval of 1980-1981 represents for 
Europe macrosynoptically quite well the upper air conditions of a long (20 to 
35 years) period.

The main results are as follows:
(a) Analyses based on just 2 years of measured upper air wind data 

show clearly the new method’s ability for regional scale analysis of 
characteristic wind patterns. Even with 2 year long records of wind 
data, the statistics obtained already approximate long-term patterns 
provided the years are climatologically normal.

(b) Short series wind speed averages approximate long series averages 
even better than the wind direction data do.

(c) Sharp chanelling caused by the mountain ranges of e.g., the Alps 
and the Jura was detected in the short as well as in the long-term 
wind direction statistics. Inside the dominant wind sectors, however, 
considerable variation in directional frequencies occurred due to the 
different MSWT characteristics of the respective periods.

(d) Details of the finer scale structure of e.g. the E and NE wind speeds 
over level terrain west of Urals should not be considered artifacts. 
They are mostly due to regional differences in climate. It is expected, 
however, that 30-year data statistics will show less fine structure in 
the upper air windspeed pattern.

(e) For the preparation of wind statistics, the application of the 
conventional 16 meteorological sector distribution is recommended 
instead of the often used 12 sector standard.

(f) Based on these preliminary results, which were obtained after 
collecting 30 year wind statistics, finer areal as well as temporal 
analyses are justified. The final analysis might show new features, 
which are not apparent from this preliminary assessment.
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Fig. 2a. Realtive frequency of 850 hPa wind direction (N-SSE) in percent (1980-1981).
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Fig. 2b. Relative frequency of 850 hPa wind direction (S-NNW) in percent (1980-1981).
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Fig. 3a. Yearly mean 850 hPa wind speed for directions N-SSE, in m sec (1980-1981).
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Fig. 3b. Yearly mean 850 hPa wind speed for directions S-NNW, in m sec (1980-1981).

205



206 Table 1. Relative frequency of wind direction at 850 hPa, in percent (available long series data)

Station N NNE NE ENE E ESE SE SSE S SSW SW w sw W WNW NW NNW
1 6.6 5.0 4.2 3.1 3.1 2.7 3.3 4.0 5.3 9.1 11.3 10.2 9.4 7.6 7.9 7.2
2 5.3 4.6 3.7 3.1 3.1 3.0 3.4 4.4 6.6 8.0 10.1 10.1 9.4 8.3 9.8 7.1
3 6.3 4.7 3.8 3.0 3.2 3.0 3.4 4.0 6.4 8.0 10.0 9.8 10.0 9.2 8.3 6.9
4 5.7 3.9 3.2 2.5 2.3 3.1 4.3 5.4 8.3 8.6 10.1 10.6 10.5 7.8 7.3 6.4
5 4.1 3.3 3.1 2.8 3.0 3.1 3.6 4.2 7.3 10.2 12.5 12.9 11.9 7.2 6.0 4.8
6 5.1 3.9 3.3 2.7 3.4 3.2 3.6 3.9 4.8 6.8 10.0 12.1 13.5 9.7 8.0 60
7 4.5 3.1 3.1 3.3 3.9 2.6 3.3 4.1 5.5 8.3 9.7 10.1 12.5 10.7 9.0 6.3
8 3.8 3.0 3.2 3.4 3.5 3.5 4.0 4.3 5.6 7.6 10.0 11.4 13.8 10.0 7.8 5.1
9 5.2 3.7 3.7 3.6 3.6 3.2 3.3 3.6 5.5 7.3 9.8 11.3 12.8 9.4 7.9 6.1
10 4.7 3.7 3.7 3.4 2.6 2.7 3.2 3.7 5.7 8.0 10.8 11.9 11.7 8.8 8.3 7.1
11 4.1 4.8 5.1 4.5 3.7 3.1 2.8 2.8 5.1 7.4 9.9 11.4 13.5 9.8 7.3 4.7
12 4.4 4.3 4.5 4.3 4.2 3.4 3.4 3.4 4.9 7.2 9.6 10.9 12.8 9.6 7.7 5.4
13 4.7 4.5 4.8 4.5 4.3 3.1 3.0 3.0 3.7 6.3 9.8 12.2 13.4 9.3 7.7 5.7
14 5.4 3.9 3.8 3.6 3.5 2.9 3.3 3.7 5.5 7.2 9.8 11.2 11.9 9.9 8.3 6.1
15 4.7 3.0 2.8 2.7 3.3 3.3 3.8 4.2 6.2 7.3 9.7 11.3 13.4 10.1 8.3 5.9
16 5.2 3.5 3.1 2.7 3.2 3.1 3.8 4.4 6.6 8.5 10.3 10.7 11 0 9.4 8.2 6.3
17 3.2 2.9 9.6 14.6 3.8 1.3 1.2 1.1 2.1 5.4 22.6 17.2 7.8 3.1 2.2 1.9
18 2.7 1.9 2.1 2.7 5.4 6.2 5.1 3.4 3.3 3.3 4.4 7.2 20.4 16.3 10.9 4.7
19 4.7 3.8 3.7 2.1 3.1 2.8 4.1 4.1 5.5 5.6 9.5 10.8 16.9 10.7 8.2 4.4
20 4.7 3.1 3.2 2.4 3.5 3.0 4.9 4.4 5.5 4.5 7.8 10.0 15.7 12.8 9.6 4.9
21 4.9 3.1 3.1 2.4 3.3 3.2 5.0 4.4 6.1 5.6 8.1 9.2 14.7 11.8 9.7 5.4
22 5.2 3.0 3.3 2.4 3.0 3.2 4.2 3.7 5.6 5.2 6.9 7.1 13.9 14.3 13.0 60
23 5.8 4.2 4.2 3.4 3.2 3.0 3.8 5.3 6.1 7.3 8.7 7.3 6.3 9.7 12.3 9.4
24 6.1 5.6 4.0 2.8 2.8 3.1 4.8 | 6.2 6.1 6.5 7.9 8.7 7.6 7.6 11.5 8.7



Table 2. Mean wind speed at 850 hPa, in m s"1 (available long series data)

Station N NNE NE ENE E ESE SE SSE S ssw SW w sw W WNW NW NNW
1 9.6 8.7 8.4 7.7 6.9 7.3 7.8 8.2 9.0 10.5 11.3 10.5 9.4 9.2 9.3 9.8

2 9.2 8.5 7.8 7.8 7.4 7.8 8.1 9.0 10.0 11.0 11.2 11.1 10.4 10.4 10.5 9.7

3 9.0 8.3 8.0 7.6 7.3 7.7 8.1 8.8 10.1 11.0 11.5 11.3 10.3 10.3 9.9 9.7

17 2.6 4.1 6.1 7.4 4.0 3.0 2.9 2.9 3.8 6.6 10.1 9.0 6.6 4.7 4.1 4.0

18 7.7 7.2 6.9 7.3 7.9 5.6 5.7 6.0 6.3 7.4 8.2 9.0 13.4 12.4 11.1 9.7

19 8.8 8.7 8.2 7.7 7.7 7.9 8.3 8.2 8.4 8.8 10.2 12.0 13.1 12.6 10.2 8.6

20 8.0 7.3 6.9 6.8 7.4 8.2 8.1 8.7 8.2 7.6 8.4 10.5 11.8 12.7 11.0 9.0

21 7.9 7.1 6.6 6.4 6.7 8.1 8.7 8.1 8.1 8.3 9.2 10.1 10.4 11.7 10.5 8.7

22 7.8 6.8 7.0 6.8 6.9 7.4 7.3 8.1 8.8 9.2 8.1 8.9 11.0 13.1 12.4 9.4

23 7.3 5.7 6.0 5.9 5.6 5.5 5.8 7.4 7.2 7.8 9.1 8.6 7.7 9.8 10.6 9.1

24 6.7 7.0 5.6 5.1 4.8 5.1 6.1 7.6 7.2 7.2 7.8 8.4 7.8 7.8 9.0 8.1

Table 3. Sources of data in Tables 1, 2 and 4

Station(s) Source
1., 2. 3. M. Lahti. Helsinki. Finland. 1996 COST 710 WG4
4. -16. D. Thomson. Met.Office. 1996 COST 710 WG4
17. Aschwanden A. et al.. 1996. Bereinigte Zeitreihen. Die Ergebnisse des Projekts KLIMA90. Band 1. Auswerungen. Klimatologie
18. E. Dittman. 1996. DWD COST 710 WG4
19.-22. Z. Lityinska. Legionowo. Poland. 1996 COST 710 WG4
23., 24. D. Szepesi. 1996 COST 710 WG4



Table 4. Station numbers and WMO-codes with names of the upper air stationsN>o
00

Station number WMO code Country Station name tp-Coordinate X- Coordinate Interval

1* 2836 Finland Sodankyla N 67°21' E 26°39' 1961-1995
2* 2935 Finland Jokioinen N 60°48' E 23°30' 1961-1995
3 2963 Finland Jyvaskyla N 62°23' E 25°40' 1961-1995
4* 3005 UK Lerwick** N 60°06’ W 1012’ 1976-1993
5* 3026 UK Stornowa**y N 58°12’ W 6°18’ 1976-1993
6* 3170 UK Leuchars** N 56°24’ W 2°54’ 1976-1993
7 3213 UK N 54°18’ W 3°24’ 1976-1984
8 3322 UK Aughton** N 53°36’ W 2°54’ 1976-1987
9* 3496 UK Hemsby** N 52°42’ E 1 °42’ 1976-1987

10 3502 UK Aberporth** N 52°06’ W 4°36’ 1976-1987
11 3693 UK Shoeburyness** N 51 °36’ E 0°48’ 1976-1987
12 3743 UK Larkhill** N 51012’ W 1°48’ 1976-1987
13* 3774 UK Crawley** N 51°06’ W 0°12’ 1984-1992
14 3808 UK Camborne** N 50°12’ W 5°18’ 1976-1987
15* 3920 UK Hillsborough** N 54°30’ W 6°06’ 1976-1992
16* 3953 Ireland Valentia** N 51°54’ W 10°18’ 1976-1987
17* 6610 Switzerland Payern N 46°48' E 6°57' 1961-1990
18* 10866 Germany München-Riem N 48°07' E 11 °33' 1961-1990
19 12120 Poland Leba N 54°45' E 17°31 ’ 1971-1990
20* 12330 Poland Poznan N 52°24' E 16°49' 1971-1990
21* 12374 Poland Legionowo N 52°09' E 20°57' 1971-1990
22* 12425 Poland Wroclaw N 51 °06' E 16°52' 1971-1990
23* 12843 Hungary Budapest N 47°21 ’ E 19°1U 1962-1989
24* 12982 Hungary Szeged N 46°15’ E 20°06’ 1962-1989

Note: * Station which appears in the analysis of both series 
** Originally 12 directions transformed to 16 directions
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Table 5. Statistics of wind direction

Statistics Long series Short series

RMS of the frequency of wind direction 3.54 3.98

Correlation 0.80

Average 6.08 6.12

Covariance 11.23

Table 6. Statistics of wind speed

Statistics Long series Short series

RMS of wind speed 2.11 1.97

Correlation 0.88

Average 8.01 8.00

Covariance 3.62

4. Follow-up work

To finalize this work it is necessary to involve the rest of the European 
countries in providing 10-30-year upper wind statistics. This program can be 
realized only after appearance of this paper and has to be based on the joint 
effort of more contributors. Recent experience in collecting data shows that 
30-year series actually were cleaned and processed only after personal contact 
and request. This also reveals some of the benefits of such conventional 
approaches.

It is conceivable that authors in their analyses will be able to cope with 
orographic effects, in say, the Alps region, better than global climatological 
analyses do. This kind of regional scale wind atlas could be used as a starting 
point for further surface wind surveys. After completion of the geostrophic 
wind atlas, countries might construct regionally representative design surface 
wind charts for their territory (see Szepesi et al., 1995 for Hungary). For 
environmental applications, the surface wind statistics at any site can be 
determined from these wind maps using a model correction (e.g., according to 
WAsP) for the effects of terrain, surface roughness and obstacles.

Acknowledgement—Critical remarks and careful editing of this paper by David J. Thomson of UK 
Meteorological Office, the former chairman of COST 710 project of the EC is gratefully 
appreciated.

210



References

Defant, A., 1920: Windverhältnisse in Gebiete der ehemaligen Österr.-Ungar. Monarchie. Anhang 
zum Jahrbuch der ZMG, Wien, Neue Folge 57.

Jensen, N.O, 1984: Extrapolation o f Mean Wind Statistics with Special Regards to Wind Energy 
Applications. WCP-86, World Meteorological Organization, Geneva.

Landsberg, H.E., 1986: World Surveys o f Climatology. Elsevier, Amsterdam.
Machta, L., 1979: A Handbook to Estimate Climatological Concentration, Deposition and 

Horizontal Fluxes of Pollutants on a Regional Scale. MARC Tech. Report 11, UNEP, 
Chelsea College, Univ. of London.

Meteorological Office, 1950: Upper Winds over the World. Geophysical Memoirs 85, London.
Peixoto, J.P. and Oort, A.H., 1992: Physics o f Climate. American Inst, of Physics.
Szepesi, D.J. and Fekete, K.E, 1993: Design Wind Maps for Hungary (in Hungarian), Meteorológiai 

Tudományos Napok, MTA Budapest.
Szepesi, D.J. and Fekete, K.E., 1996: Inquiry on meteorological data pre-processing for complex 

terrain dispersion modelling: A european reference Benchmark exercise. 4 h Workshop on 
Harmonization within Atm. Disp. Modelling for Regulatory Purposes. May 1996, Ostende. 
Preprint.

Szepesi, D.J., Fekete, K.E. and Gyenes, L., 1995: Regulatory models for environmental impact 
assessment in Hungary. Int. J. Environment and Pollution 5, 497-507.

Taylor, P., 1997: Personal communication.
Troen, /., Mortensen, N.G. and Petersen E.L., 1988: Wind Atlas Analysis and Application Program. 

National Laboratory Riso, Denmark.

211





BOOK REVIEWS

Wilfried Schröder (editor): Long and Short Term Variability in Sun’s 
History and Global Change. Science Edition, D-28777 Bremen-Roenne- 
beck, 2000, 63 pages. Price: $20.

This book is the printed version of the 26 lectures presented during the IUGG 
(International Union of Geodesy and Geophysics) last General Assembly 
Meeting (1999, Birmingham, UK) by the members of the Interdivisional 
Commission on History (IDCH) of IAGA. Like such collections, the papers 
cover very different topics. However, most of them deal with the connection 
of solar phaenomenae and the Earth’s climate. The investigation of this 
connection has long history. The recent results suggest a connection of about 
20 years cycle, that is the magnetism might have some role. It is also 
interesting, that the terrestrial and solar atmospheres have some common 
features.

I think this book is very useful for those scientists and students who are 
interested in history of solar physics, geophysics and meteorology.

G. Major

Wilfried Schroder (editor): Geschichte und Philosophic der Geophysik 
(History and Philosophy of Geophysics) Science Edition, D-28777 Bremen- 
Roennebeck, 2000, 219 pages. Price: $30.

The material found in this book has already been published in Betrage zur 
Geschichte der Geophysik und Kosmische Physik, Band 2/2000 and at the same 
time in IAGA IDC History Newsletter No. 42. Most of it is written in German, 
the rest in English.

The title suggests that this is a complex study of every aspects of the 
geophysics, but the reader founds that it is wider, it relates to all geosciences. 
For example on page 40 the list contains the scientific journals founded before 
1896 (the first year is 1665). From the 24 items exactly the half belongs to the 
discipline nowadays called meteorology. It has to be noted that IDŐJÁRÁS was 
founded in 1897 and since then it has been published continuously.

After the introduction and preface, the next 100 pages have bee written 
jointly by Wilfried Schroder and Herbert Hörz. Their work is a systematic study 
of all scientific aspects of geophysics/geosciences. The main value of this part is
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the opinion and evaluation of the authors expressed on the history, the methods 
and data of geophysics. The last 100 pages contain 9 papers from different 
authors mostly on special partial historical events. There are two exceptions: the 
first one deals with the scientific and practical use of history of geophysics in 
general, the last one is “an approximately complete list” of geophysical teaching 
books appeared between 1912 and 1998, it contains nearly 400 items.

It is suggested to all geoscientists stop for a small time in their rush and 
read this book and think on our loved disciplines.

G. Major

214



ATMOSPHERIC ENVIRONMENT
an international journal

To promote the distribution of Atmospheric Environment Időjárás publishes regularly the contents of this 
important journal. For further information the interested reader is asked to contact Prof. P. 
Brimblecombe, School for Environmental Sciences, University of East Anglia,

Norwich NR4 7TJ, U.K.; E-mail: atmos_env@uea.ac.uk

Volume 34 Number 6 2000

P R. Hargreaves, A. Leidi, H.J. Grubb, M.T. Howe and M.A. Mugglestone: Local and seasonal 
variations in atmospheric nitrogen dioxide levels at Rothamsted, UK, and relationships with 
meteorological conditions, 843-853.

M.A. Sutton, U. Dragosits, Y.S. Tang and D. Fowler: Ammonia emissions from non-agricultural 
sources in the UK, 855-869.

T.H. Misselbrook, T.J. Van Der Weerden, B.F. Pain, S.C. Jarvis, B.J. Chambers, K.A. Smith, 
V.R. Phillips and J.G.M. Demmers: Ammonia emission factors for UK agriculture, 871-880.

A.L. Malcolm, R.G. Derwent and R.H. Maryon: Modelling the long-range transport of secondary 
PM|0 to the UK, 881-894.

R. Ebinghaus and F. Slemr: Aircraft measurements of atmospheric mercury over southern and
eastern Germany, 895-903.

S. Kingham, D. Briggs, P. Elliott, P. Fischer and E. Lebret: Spatial variations in the concentrations
of traffic-related pollutants in indoor and outdoor air in Huddersfield, England, 905-916.

E.L. Viskari, M. Vartiainen and P. Pasanen: Seasonal and diurnal variation in formaldehyde and 
acetaldehyde concentrations along a highway in Eastern Finland, 917-923.

D.S. Balis, A. Papayannis, E. Galani, F. Marenco, V. Santacesaria, E. Hamonou, P. Chazette, I. 
Ziomas and C. Zerefos: Tropospheric LIDAR aerosol measurements and sun photometric 
observations at Thessaloniki, Greece, 925-932.

H.J. Beine and T. Krognes: The seasonal cycle of peroxyacetyl nitrate (PAN) in the European 
Arctic, 933-940.

C.P. Ferrari, S. Hong, K. Van De Velde, C.F. Boutron, S.N. Rudniev, M. Bolshov, W. Chisholm 
and K.J.R. Rosman: Natural and anthropogenic bismuth in Central Greenland, 941-948.

R. Chester, M. Nimmo, G.R. Fones, S. Keyse and Z. Zhang: Trace metal chemistry of particulate 
aerosols from the UK mainland coastal rim of the NE Irish sea, 949-958.

M. Chiaradia and F. Cupelin: Behaviour of airborne lead and temporal variations of its source
effects in Geneva (Switzerland): comparison of anthropogenic versus natural processes, 959- 
971.

N. Moschonas and S. Glavas: Non-methane hydrocarbons at a high-altitude rural site in the
Mediterranean (Greece), 973-984.

M. Touaty and B. Bonsang: Hydrocarbon emissions in a highway tunnel in the Paris area, 985-996.

Volume 34 Number 7 2000

P. Seibert, F. Beyrich, S.E Gryning, S Joffre, A. Rasmussen and P. Tercier: Review and 
intercomparison of operational methods for the determination of the mixing height, 1001- 
1027.

215



A.G. Ulke: New turbulent parameterization for a dispersion model in the atmospheric boundary 
layer, 1029-1042.

D. Goossens and Z.Y. Offer: Wind tunnel and field calibration of six aeolian dust samplers, 1043- 
1057.

D.L. Ermak and J.S. Nasstrom: A Lagrangian stochastic diffusion method for inhomogeneous 
turbulence, 1059-1068.

U. Jans and J. Hoigne: Atmospheric water: transformation of ozone into OH-radicals by sensitized
photoreactions or black carbon, 1069-1085.

D.W.T. Griffith and B. Galle: Flux measurements of NH3, N20  and C 02 using dual beam FTIR 
spectroscopy and the flux-gradient technique, 1087-1098.

J. Rinne, H. Hakola, T. Laurila and U. Rannik: Canopy scale monoterpene emissions of Pinus 
sylvestris dominated forests, 1099-1107.

W. Elbert, M.R. Hoffmann, M. Kramer, G. Schmitt and M.O. Andreae: Control of solute 
concentrations in cloud and fog water by liquid water content, 1109-1122.

N. V. Heeb, A.M. Forss, C. Bach and P. Mattrel: Velocity-dependent emission factors of benzene, 
toluene and C2-benzenes of a passenger car equipped with and without a regulated 3-way 
catalyst, 1123-1137.

V. Ortiz, M.A. Rubio and E.A. Lissi: Hydrogen peroxide deposition and decomposition in rain and
dew waters, 1139-1146.

Volume 34 Number 8 2000

P.J. Crutzen, J. Williams, U. Poschl, P. Hoor, H. Fischer, C. Wameke, R. Holzinger, A. Hansel,
W. Lindinger, B. Scheeren and J. Lelieveld: High spatial and temporal resolution 
measurements of primary organics and their oxidation products over the tropical forests of 
Surinam, 1161-1165.

B.M. Didyk, L.A. Alvaro Pezoa, B.R.T. Simoneit, M.L. Riveros and A.A. Flores: Urban aerosol 
particles of Santiago, Chile: organic content and molecular characterization, 1167-1179.

W.S. Rajkumar and A.S. Chang: Suspended particulate matter concentrations along the East-West 
Corridor, Trinidad, West Indies, 1181-1187.

P. Perez, A. Trier and J. Reyes: Prediction of PM2 5 concentrations several hours in advance using 
neural networks in Santiago, Chile, 1189-1196.

H.A. Bravo, M.I.R. Saavedra, P.A. Sanchez, R.J. Torres and L.M.M. Granada: Chemical 
composition of precipitation in a Mexican Maya region, 1197-1204.

T. Nakano, S. Kuniyoshi and M. Fukuda: Temporal variation in methane emission from tundra 
wetlands in a permafrost area, northeastern Siberia. 1205-1213.

M.I. Avramenko, A.N. Averin, E.G. Drozhko, Y.V. Glagolenko, V.P. Filin, B.G. Loboiko, Y.U.G. 
Mokrov and G.N. Romanov: Radiation accident of 1957 and Eastern-Urals radioactive trace: 
analysis of measurement data and laboratory experiments, 1215-1223.

V Barcan, E Kovnatsky and A. Shylina: Benz(a)pyrene in soils and berries in an area affected by 
jets over the Kola Peninsula, 1225-1231.

Z. Polkowska, A. Kot, M. Wiergowski, L. Wolska, K. Wolowska and J. Namiesnik: Organic 
pollutants in precipitation: determination of pesticides and polycyclic aromatic hydrocarbons 
in Gdansk, Poland, 1233-1245.

M. Krautstrunk, G. Neumann-Hauf, H. Schlager, O. Klemm, F. Beyrich, U. Corsmeier, N. Kalthoff 
and M. Kotzian: An experimental study on the planetary boundary layer transport of 
air pollutants over East Germany, 1247-1266.

K. Kocak, L. Saylan and O. Sen: Nonlinear time series predictions of 0 3 concentration in Istanbul, 
1267-1271.

G.M. Afeti and F.J. Resch: Physical characteristics of Saharan dust near the Gulf of Guinea, 1273- 
1279.

216



B. Herut, A. Starinsky, A. Katz and D. Rosenfeld: Relationship between the acidity and chemical 
composition of rainwater and climatological conditions along a transition zone between large 
deserts and Mediterranean climate, Israel, 1281-1292.

N. Kubilay, S. Nickovic, C. Moulin and F. Dulac: An illustration of the transport and deposition of 
mineral dust onto the eastern Mediterranean, 1293-1303.

M. Yatin, S. Tuncel, N.K.Aras, I. Olmez, S. Ay gun and G. Tuncel: Atmospheric trace elements in 
Ankara, Turkey: 1. Factors affecting chemical composition of fine particles, 1305-1318.

Volume 34 Number 9 2000

G. Wotawa and H. Kromp-Kolb: The research project VOTALP - general objectives and main 
results, 1319-1322.

A. Stohl, N. Spichtinger-Rakowsky, P. Bonasoni, H. Feldmann, M. Memmesheimer, H E. Scheel, 
T. Trickl, S. Hubener, W. Ringer and M. Mandl: The influence of stratospheric instrusions on 
alpine ozone concentrations, 1323-1354.

P. Bonasoni, F. Evangelisti, U. Bonafe, F. Ravegnani, F. Calzolari, A. Stohl, L. Tositti, O. 
Tubertini and T. Colombo: Stratospheric ozone intrusion episodes recorded at Mt. Cimone 
during the VOTALP project: case studies, 1355-1365.

G. Wotawa, H. Kroger and A. Stohl: Transport of ozone towards the Alps - results from trajectory 
analyses and photochemical model studies, 1367-1377.

P. Seibert, H. Feldmann, B. Neininger, M. Baumle and T. Trickl: South foehn and ozone in the 
Eastern Alps - case study and climatological aspects, 1379-1394.

M. Furger, J. Dommen, W.K. Gräber, L. Poggio, A.S.H. Prevot, S. Emeis, G. Grell, T. Trickl, B. 
Gomiscek, B. Neininger and G. Wotawa: The VOTALP Mesolcina Valley Campaign 1996 - 
concept, background and some highlights, 1395-1412.

A.S.H. Prevot, J. Dommen, M. Baumle and M. Furger: Diurnal variations of volatile organic 
compounds and local circulation systems in an Alpine valley, 1413-1423.

W. Camuth and T. Trickl: Transport studies with the IFU three-wavelength aerosol lidar during the 
VOTALP Mesolcina experiment, 1425-1434.

G.A. Grell, S. Emeis, W.R. Stockwell, T. Schoenemeyer, R. Folker, J. Michalakes, R. Knoche and 
W. Seidl: Application of a multiscale, coupled MM5/chemistrz model to the complex terrain 
of the VOTALP valley campaign, 1435-1453.

R. Balestrini, L. Galli and G. Tartan: Wet and dry atmospheric deposition at prealpine and alpine 
sites in northern Italy, 1455-1470.

K.A Kourtidis, I. Ziomas, C. Zerefos, A. Gousopoulos, D. Balis and P. Tzoumaka: Benzene and 
toluene levels measured with a commercial DOAS system in Thessaloniki, Greece, 1471- 
1480.

C. Backe, P. Larsson and L. Okla: Polychlorinated biphenyls in the air of southern Sweden - spatial 
and temporal variation, 1481-1486.

T. Wrzesinsky and O. Klemm: Summertime fog chemistry at a mountainous site in central Europe, 
1487-1496.

T.A. Pakkanen, V.M. Kerminen, C.H. Ojanen, R E. Hillamo, P. Aamio and T. Koskentalo: 
Atmospheric black carbon in Helsinki, 1497-1506.

Volume 34 Number 10 2000

J.H. Offenberg and J.E. Baker: Aerosol size distributions of elemental and organic carbon in urban 
and over-water atmospheres, 1509-1517.

217



R.M. Harrison, J.L. Grenfell, J.D. Peak, K.C. Clemitshaw, S.A. Penkett, J.N. Cape and G.G. 
Mcfadyen: Influence of airmass back trajectory upon nitrogen compound composition, 1519- 
1527."

L. Ruppert and K.H. Becker: A product study of the OH radical-initiated oxidation of isoprene:
formation of C5-unsaturated diols, 1529-1542.

H. Falbe-Hansen, S. Sorensen, N.R. Jensen, T. Pedersen and J. Hjorth: Atmospheric gas-phase 
reactions of dimethylsulphoxide and dimethylsulphone with OH and N 03 radicals, Cl atoms 
and ozone, 1543-1551.

K. Uehara, S. Murakami, S. Oikawa and S. Wakamatsu: Wind tunnel experiments on how thermal 
stratification affects flow in and above urban street canyons, 1553-1562.

D.J. Fish: The automatic generation of reduced mechanisms for tropospheric chemistry modelling, 
1563-1574.

X. Li, P.F. Dunn and R.M. Brack: Lycopodium spore impacts onto surfaces, 1575-1581.
J.Z. Yim, C.R. Chou and W.P. Huang: A study on the distributions of the measured fluctuating 

wind velocity componenets, 1583-1590
J. R. Brook and D. Johnson: Identification of representative warm season periods for regional air

quality (ozone) model simulations, 1591-1599.
D. J. Nowak, K.L. Civerolo, S.T. Rao, G. Sistla, C.J. Luley and D.E. Crane: A modeling study of

the impact of urban trees on ozone, 1601-1613.
K. L. Civerolo, G. Sistla, S.T. Rao and D.J. Nowak: The effects of land use in meteorological

modeling: implications for assessment of future air quality scenarios, 1615-1621.
J.D. Blando and B.J. Turpin: Secondary organic aerosol formation in cloud and fog droplets: a 

literature valuation of plausibility, 1623-1632.
H. Zhang: Light and Iron(III)-induced oxidation of chromium(III) in the presence of organic acids 

and manganese(II) in simulated atmospheric water, 1633-1640.
M. A. Yamasoe, P. Artaxo, A H. Miguel and A.G. Allen: Chemical composition of aerosol particles

from direct emissions of vegetation fires in the Amazon Basin: water-soluble species and 
trace elements, 1641-1653.

E. Savory and N. Toy: Estimation of total circulation within a plume in a crosswind, 1655-1658. 
D.E. Shallcross and P S. Monks: New directions: A role for isoprene in biosphere-climate-

chemistry feedbacks, 1659-1660.

218



NOTES TO CONTRIBUTORS OF I D Ő J Á R Á S

The purpose of the journal is to publish pa­
pers in any field of meteorology and atmo­
sphere related scientific areas. These may be

• reports on new results of scientific 
investigations,

• critical review articles summarizing 
current state of art of a certain topic,

• shorter contributions dealing with a 
particular question.

Each issue contains “News” and “Book 
review” sections.

Authors may be of any nationality, but 
the official language of the journal is Eng­
lish. Papers will be reviewed by uniden­
tified referees.

Manuscripts should be sent to 
Editor-in-Chief of IDŐJÁRÁS 
P.O. Box 39
H-1675 Budapest, Hungary

in three copies including all illustrations. 
One set of illustrations has to be of camera 
ready quality, the other two might be lower 
quality.

Title part of the paper should contain the 
concise title, the name(s) of the author(s), 
the affiliation(s) including postal and E-mail 
address(es). In case of multiple authors, the 
cover letter should indicate the cor­
responding author.

Abstract should follow the title, it con­
tains the purpose, the data and methods as 
well as the basic conclusion.

Key-words are necessary to help to clas­
sify the topic.

The text has to be typed in double spacing 
with wide margins. Word-processor printing 
is preferred. The use of SI units are ex­
pected. The negative exponent is preferred 
to solidus. Figures and tables should be 
consecutively numbered and referred to in 
the text.

Mathematical formulas are expected to be 
as simple as possible and numbered in 
parentheses at the right margin. Non-Latin 
letters and hand-written symbols should be 
indicated and explained by making marginal 
notes in pencil.

Tables should be marked by Arabic num­
bers and printed in separate sheets together 
with their captions. Avoid too lengthy or 
complicated tables.

Figures should be drawn or printed in 
black and white, without legends, on sepa­
rate sheets. The legends of figures should 
be printed as separate list. Good quality 
laser printings are preferred as master 
copies.

References: The text citation should 
contain the name(s) of the author(s) in Italic 
letter and the year of publication. In case of 
one author: Miller (1989), or if the name of 
the author cannot be fitted into the text: 
(Miller, 1989); in the case of two authors: 
Gamov and Cleveland (1973); if there are 
more than two authors: Smith et al. (1990). 
When referring to several papers published 
in the same year by the same author, the 
year of publication should be followed by 
letters a,b etc. At the end of the paper the 
list of references should be arranged al­
phabetically. For an article: the name(s) of 
author(s) in Italics, year, title of article, 
name of journal, volume number (the latter 
two in Italics) and pages. E.g. Nathan, 
K.K., 1986: A note on the relationship 
between photosynthetically active radiation 
and cloud amount. Időjárás 90, 10-13. For 
a book: the name(s) of author(s), year, title 
of the book (all in Italics except the year), 
publisher and place of publication. E.g. 
Junge, C. E., 1963: Air Chemistry and 
Radioactivity. Academic Press, New York 
and London.

The final version should be submitted on 
diskette altogether with one hard copy. Use 
standard 3.5” or 5.25" DOS formatted 
diskettes. The preferred word-processors 
are WordPerfect 5.1 and MS Word 6.0.

Reprints: authors receive 30 reprints free 
of charge. Additional reprints may be or­
dered at the authors’ expense when sending 
back the proofs to the Editorial Office.

More information: gmajor@met.hu
Information on the last issues:
http: //www. met. hu/firat/ido-e .html



Published by the Hungarian Meteorological Service

Budapest, Hungary

INDEX: 26 361

HU ISSN 0324-6329


