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Meteorological effects on regular fluctuations of the
atmosphere angular momentum and changes in the
length of the day

Eva Cechovi and Nina Klimperova

Institute of the Physics of the Atmosphere, Czechosl. Acad. Sci. Prague, Bocni ll.,
141 31 Praha 4 — Sporilov, Czechoslovakia

Studies of the angular momentum in the system atmosphere - solid Earth require high
accuracy geodetic methods of measuring and a global analysis of metcorological data. Changes in
the pressure field and the field of circulation, particularly in the intensity and location of
jet-streams, induce fluctuations of the three components of the atmospheric angular momentum
(AAM). Changes in the axial componcent of the AAM correlate well with changes in the length of
the day (LOD). Fluctuations of the AAM equatorial components contribute to the change of the
instantanecous position of the pole relative to the solid Earth (wobble). The transfer of the angular
momentum is conditioned by friction and orography. Every day, the world metcorological centres
(NMC Washington, ECMWF, JMA Tokyo) define the effective angular momentum functions
(EAMF). Changes in the LOD with periods from 40 to 700 days can be almost exactly calculated
from EAMF. By mcans of the harmonic analysis cycles with annual, semi- annual and shorter
(120 days, 50 days) periods were detected in the axial component of EAMF and thus also in the
LOD deviations.

*

Meteoroldgiai effektusok szerepe a légkor szogmomentumdnak szabdlyos fluktudciciban és a
nap hosszdnak vdltozdsaban. A Fold-1égkor rendszer impulzusnyomaték-mérlegéncek vizsgalata-
ban cgyre novekvo szerepet jatszanak a modern eszkozokkel nyert nagy felbontasa 1égkori ¢s
geodéziai adatok. A légkor tomegeloszlasanak ingadozasai, az aramlasi mez6 kiilonasen a kozepes
sz¢lességek futoaramlasai erdsségének és elhelyezkedésének valtozasai a Iégkor impulzusnyoma-
téka mindharom komponensének néhany napot is eléré karakterisztikus idji fluktuaciojat idézik
¢l6. A légkor impulzusnyomatckanak tengelyiranyi komponense szoros korrclacioban all a nap
hosszaval. Az Egyenlité sikjaval parhuzamos komponensek valtozasai pedig a Fold pillanatnyi
forgastengelyének a foldkéreghez viszonyitott ingadozasaival (Wobble) hozhatok dsszefiiggésbe.
A szilard foldkéreg és a légkor kozotti impulzusnyomatck-atadast a sarlodas és a domborzati hatas
biztositja. Az impulzusnyomaték-fiiggvények kiszamitasahoz sziikséges haromdimenzios sz¢l- &s
nyomasmezdket a U. S. NMC komplex rendszerével allitottuk el6. A nap hosszanak a vizsgalt
idoszak alatti valtozasai majdnem teljes mértékben visszavezethetdk voltak a felszin ¢s a 1¢gkor
impulzusnyomaték cseréjére. A légkori hatassal megmagyarazhato a 40 és 700 nap kozotti
idétartami fluktuaciok legtobbje. Harmonikus analizis segitségével éves, féléves ¢s rovidebb
periodusi valtozasok voltak kimutathatok.

Introduction
It has been known for several decades that the atmosphere affects the Earth’s

rotation but intensive studies of the problem have begun only recently. The lack of approp-
riate meteorological data caused mainly this retardation.
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In the recent years, analyses of meteorological quantities over the entire Earth’s
surface have become everyday routine and astronomical measurements of the Earth’s rotati-
on have improved. This progress has promoted the studies of interactions of the system
atmosphere - solid Earth. It has been proved that changes in the atmospheric circulation and
the pressure field are closely connected with variations in the magnitude and direction of the
Earth’s rotation vector.

Regular variations in the Earth’s rotation were first detected after the invention of
the clocks based on periodic physical phenomena. In the 1930’s, seasonal (annual and
semi-annual) variations of the Earth’s rotation were established with the use of pendulum
clocks (in July the day some 0,0025 seconds shorter than in January), a discovery confirmed
by subsequent measurements with the use of quartz and atomic clocks. Deviations in the
length of the day (LOD) are obtained by a comparison of the universal time defined by the
Earth’s rotation with the atomic time. Universal time is based on the rate of the Earth’s
rotation as determined astronomically from transits of stars and Doppler tracking of artificial
satellites, Lunar Laser Ranging and Very Long Baseline Interferometry. International ato-
mic time is defined by a set of atomic clocks, whose time scale is based on a certain resonance
of the caesium atom. The differences between astronomical and atomic time are regularly
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Fig. 1

The excess LOD over the nominal 86400 scc, calculated from the BIH
(Burecau International d’Heure)

published by the International Earth Rotation Service (IERS), see Fig. 1. The reference day
is taken x, = 86400 seconds, which corresponds to the mean rotation rate of the solid Earth
Q=729211515x 107 rad s\

The LOD data exhibit changes of as many as several milliseconds and varies in the
range of several days to several years. There is also a permanent growth in the LOD evident
from the earliest observations, which amounts to about 1 to 2 milliseconds per century. In
the vicinity of the geographic pole, the pole of the Earth’s rotation circumscribes rounghly
an oval several metres large with a period of about 14 months.

Variations of the solid Earth’s rotation can be also due to external effects, e. g. solar
and lunar gravitational attraction responsible for the equatorial bulge, bodily tides, etc.
Variations in the rotation caused by other celestial bodies can be generally calculated and
eliminated from astronomical observations in advance. Thus of greater importance are
internal effects, e. g. earthquakes and particularly exchange of the angular momentum of the
solid Earth (hereafter by the solid Earth we will understand the mantle and the crust) with
the fluid core under it, and with the ocean and the atmosphere over it.

But for external energy sources, such as e. g. solar radiation or tide forces of the
Moon, Sun and planets, the solid parts of the Earth (crust, mantle and inner core) and its fluid
parts (atmosphere, hydrosphere and fluid core) would rotate together as a rigid body with a
constant mean rate. In dependence on the regularly varying supply of solar radiation falling
on the heterogeneous Earth’s surface, an intricate atmospheric circulation originates. The
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density of the air drops with height and more than 95 % of the mass of the atmosphere is in
the troposphere and the lower stratosphere. In average, this part of the atmosphere rotates
faster than the solid Earth, which lies beneath. The whole Earth including its atmosphere can
be regarded as a closed dynamical system. The angular momentum of the system must be
conserved and can only be transferred from one part of the system to another. Exchange of
the angular momentum between the atmosphere and the solid Earth is governed by friction
and orography.

Meteorological effects on the variability of the solid Earth’s rotation are studied by
means of the total angular momentum of the atmosphere relative to the Earth's centre of
mass. Its magnitude is about 106 of the angular momentum of the whole Earth. A fluctuation
in the atmospheric angular momentum in a range of about 20 % would induce changes in the
LOD of about 6 x 10-4 s. The atmosphere angular momentum varies in dependence on the
mass distribution in the atmosphere and on the flow field, and especially on the intensity and
position of the main jet-streams in middle and lower geographic latitudes.

1. Effective angular momentum functions

The interaction of the atmosphere and the solid Earth can be adequately studied with
the help of so-called ,.effective angular momentum functions™, which are derived in Barnes
et al., (1983) and denoted by EAMF. The variability of EAMF is caused by changes in the
atmospheric circulation and in the distribution of surface pressure; we can therefore distin-
guish two categories of changes in EAMF: changes of the atmospheric rotation rate x# (wind
term) and changes of the moment of inertia x? (pressure term). The centre of the co-ordinate
system is in the Earth’s centre of mass x intersects the equator on the Greenwich meridian,
axis y on 90°E, axis z being indentical with the Earth’s axis (x| and x; are called equatorial
and x3 axial component). According to Salstein (1985), individual components of EAMF are
defined as follows

X=X gy B =LLD,

where
+7/2 +27

» -100R*
X 1= — ' P sin & cos? ¢ cos N d\ dp 1)
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where

& is the geographical latitude, X\ is the geographical longitude, p is atmospheric pressure,
Pps is surface pressure (not reduced to the sca level),

R = 6,378 10® m is the mean radius of the Earth,

Q= 7,292 10° 57" is the rate of the Earth’s rotation and

g =98lm 52 is the acceleration duc to gravity.

The numerical constants before the integrals are derived from Love numbers which
describe the effect of the Earth deformation. A, C are the principal moments of inertia for
the Earth shell (4 is the equatorial and C the polar moment of inertia,

€ =704 10> kg m? (C - A) = 0,00333 C,

u is the zonal component of wind and

v is the meridional component of wind.

Components u and v are defined by geostrophic approximation. Functions x,, are
dimensionless.

In calculating pressure contribution xP,, we sometimes use the so-called ,inverted
barometer hypothesis”, usually denoted /B, which consists of the presumption that the ocean
responds to changes in atmospheric pressure in such a way to force water away from high
atmospheric pressure regions and toward low pressure regions. The ocean surface is suppo-
sed to be depressed (or raised) locally by a local increase (or decrease) in atmospheric
pressure. In this way, the ocean acts as an inverted barometer since its height is inversely
related to the pressure. Under this assumption then, there are no horizontal pressure gradi-
ents within the hydrosphere.

Instantaneous values of y,, can be calculated from the available meteorological data
commonly used for weather forecasts. In principle, we only need the atmospheric pressure.
The x,, values are determined in the grid points of a regular network. As a rule, spherical grids
with 5 x 5° or 2,5° x 2,5° longitudinal and latitudinal resolution are applied. Zonal and
meridional wind components are defined by means of geostrophic approximation in
grid points on individual standard isobaric levels. The wind terms are integrated. from the
1000 hPa level to the 50 hPa level, i. e. approximately to 20 km. The calculation of x,, is
performed separately for the Northern Hemisphere and the Southern Hemisphere.

At the present time, the x,, values are determined every day or twice a day in four
meteorological centres: NMC (United States National Meteorological Center, Washington),
JMA (Japanese Meteorological Agency, Tokyo), U. K. Meteorological Office, Bracknell and
ECMWEF (European Centre for Medium-Range Weather Forecast, Reading). In these centres
the calculation of effective angular momentum functions has become part of the everyday
meteorological practice and the results are archived for subsequent research. From ECMWF
the results are handed over e. g. to IERS (International Earth Rotation Service) where the
changes in LOD are preliminarily evaluated from the axial component x3 since meteorologi-
cal data are available sooner to astrometric data.
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Figure 2 represents individual components of the global mean xn value calculated
in NMC (National Meteorological Center), and Fig. 3 contains the same but in the calculation

30
X, n=1,2.3
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Fig 2 Wind plus pressurc terms of atmospheric effective angular momentum functions as calculated at NMC
(United States National Meteorological Center, Washington)

the method of inverted barometer was applied. In Figs. 2 and 3 one can observe a prominent
change in the equatorial components while the axial component remains almost unchanged.

30
x1B n=1,2,3
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Fig. 3 Wind plus pressure terms with the inverted barometer correction of atmospheric effective angular
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It is due to the fact that the method of inverted barometer is used only in the calculation the
pressure term, which is of equal importance in equatorial components as the wind term. The
pressure term slightly modifies the axial component x3, however, its importance is not
decisive (see Fig. 6 and 7). The equatorial components of EAMF, x; and x, exhibit a distinct
cycle with annual period, (which was detected in the wobble long ago). Salstein (1987)
investigated regional contributions to the EAMF (EAMF are integrated all over the globe).
The equatorial x, and x, values have been computed separately for equal-area sectors. It was
found, that their magnitude greatly differs in individual regions on the Earth surface.
Generally, of greatest importance for the equatorial components are latitudes of the Southern
Hemisphere and the Northern Hemisphere contributes particularly with the Aleutian low and
Siberian anticyclone dominating.

2. Axial component of EAMF

In the following we will only deal with the axial component x5 which correlates well
with changes in the length of the day (see Fig. 4). We can suppose systematic errors to
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0,003 4| . - =

0,002 4 M- | LT LAl 4 | . e e T

0,001 +— : e ——— = ==t
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Fig. 4 Comparison of the LOD changes with corresponding time series of X3

appear in both time series, but it is very unlikely that astronomical and meteorological data
have common errors. Data are obtained on the basis of completely different measurements
which are processed further quite independently.

The connection between changes in the LOD and the angular momentum of the
atmosphere can be represented in a simple way. If we suppose that variations in the solid
Earth’s rotation are only caused by the atmosphere, it applies

AX3

c

A =

Variations of the mean angular velocity of the solid Earth are related to changes in
the length of the day by the following relation
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By the combination of the last two equations and substitution of numerical values
we get
ALOD = 1,68 x 1029 Ax3 .

In Fig. 4, the annual cycle of the axial component x5 is the most conspicuous. In
Fig. 5, we can see a reverse annual cycles of xV3 and xS3 with an amplitude greater in the
Northern Hemisphere than in the Southern Hemisphere. It is due to smaller differences

N

77 78 "9 80 81 82 T 83 84 85

Fig. 5 Axial component x3 on the Northern (N) and the Southern (S) hemisphere

between winter and summer values in the Southern Hemisphere. (But the mean absolute
value of |xS;| is greater than. [x/V5|, which corresponds to meteorological experience; in the
southern hemisphere the zonal circulation is stronger.) The dominance of the Northern
Hemisphere results in prominent annual cycle of the angular momentum of the atmosphere
and also of the wobble and LOD.
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Fig. 6 Pressure and wind terms of the axial component of EAMF on the Northern Hemisphere

In Figs. 6 and 7 we can see that the main carrier of changes in the axial component
is the wind term x#; even though the annual cycle is evident from the time series of the
pressure term xP3 as well.

e

x3

TR N S s ZMm S SERES Lo S SRS e | SN RN 22 B e e )0 Sem e o
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Fig. 7 Pressure and wind terms of the axial component of EAMF on the Southern Hemisphere
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The axial component reflects the pecularities of the general atmospheric circulation,
particularly those that occur in low geographic latitudes, e. g. ENSO (El Nino - Southern
Oscillation), a complex of phenomena in the ocean and the atmosphere which affect each
other causing an extensive redistribution of air masses above the equatorial Pacific, which
usually terminates circulations even in geographic latitudes outside the tropics. The largest
deviation of LOD recorded so far occured in January and February 1983 and was connected
with an extraordinarily intensive pattern of ENSO, which was the strongest in our century
inducing unusual configurations of the pressure field above the tropical Pacific and a number
of deviations from common climatic conditions (Quiroz, 1983). Among them of greatest
importance for changes in x3 was the intensification of the subtropical jet-stream in all
geographic latitudes of the Northern Hemisphere and its displacement to the south of the
normal (see Eq. 6).

The role of the ocean is certainly not negligible since it covers 70 % of the Earth’s
surface and plays an important role in the transfer of the angular momentum between the
atmosphere and the solid Earth (Lambeck, 1980). In the sea currents of the Atlantic, Pacific
and Indian Oceans, annual as well as semi-annual cycles are present. The Antarctic circum-
polar current which flows round the Earth at about 60°S the mightiest sea current recorded
has pronounced semi-annual cycle (Van Loon, 1971). The connection between the atmos-
pheric circulation in the boundary layer and the prevailing sea currents is generally known.

The daily issued x3 values include only little of the circulation in the stratosphere.
Asarule, 100 hPa or 50 hPa is the upper integration limit in Eq. 6. Rosen and Salstein (1985)
tried to supplement the exial component of EAMF with zonal winds between 100 hPa and
1 hPa levels. These winds were derived using geostrophic relationship from geopotential
height fields determined by Tiros N satellite measurements.

The inclusion of stratospheric data in x3 represents a remarkable improvement
(see Fig. 8). Neglecting the atmosphere above 1 hPa is probably of little importance. The

12 :
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WL \ Time series of the daily values of X3
i ' ¢ | 04 (fullline) based on both
-0.81 o | i tropospheric and stratospheric data
R | F-0,6/  and the observed changes of LOD
12— for the period 1980-1981 (dashed
1980 1981 1982 1983 1984 line). (See [7])

stratosphere has a great share'in the annual as well as semi-annual cycles of x3. If the
stratospheric momentum is included in x3, the atmospheric circulation determines seasonal
and shorter nontidal changes in the LOD with sufficient accuracy and it is not necessary to
take any other geophysical effects into consideration.

It is generally accepted that the atmosphere is responsible for almost all changes in
the length of the day with periods from 30 to 700 days. In the future, a sufficiently long
series of regularly observed angular momentum of the atmosphere will allow these effects
to be separated from others, such as the effect of the fluid core, whose role in the Earth’s
rotation is still very little known. It is presumed that the fluid core causes longer-term
changes in the LOD (some tens of years and more), the so-called ,,decade variations”, for
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which an explanation is still sought in vain. Some authors describe them as caused by
long-term changes of the geomagnetic field (Lambeck, 1980).

3. Regular variations in the axial component of EAMF

Using the harmonic analysis, we studied the time variations of the axial component
of EAMF. We applied the data obtained in the NMC (U. S. National Meteorological Center).
The missing data were replaced by linear interpolation. We investigated separately x3,
xP3 and xP- 133 of the Northern and the Southern Hemispheres and also of the entire globe.
We had a nine-year time series (1977-1985) at our disposal and divided it into 7 three-year
time series (1977-1979, 1978-1980, . . .). We processed each of the series by means of
harmonics analysis. We study separately time series of xP3, x3P-IB, xW3 and xP3 + x5 in both
the Northern and Southern Hemispheres. We constructed the amplitude spectra. We were
interested namely in annual, semiannual, 120-day and ,,50-day” signals.

In each amplitude spectrum the amplitude of the annual cycle is the most conspicu-
ous occuring everywhere without any exception.

As the semi-annual cycle is concerned: in the pressure term xP3 the occurrence of
the semi-annual signal is not so obvious. In the Northern Hemisphere the semi-annual cycle
is manifested only at the beginning of the study period, from the year 1982 it vanishes, and
under the use of the inverted barometer hypothesis it does not occur at all. In the Southern
Hemisphere it does occur throughout the whole time interval studied, but its amplitude
decreases.

Another interesting periodicity is the hundred and twenty-day cycle, whose ampli-
tude is outstanding in the wind term x%, in the Northern as well as the Southern Hemisphere,
especially at the beginning of the periog under study. In the spectra of the pressure terms xP3
it occurs quite exceptionally.

The signal usually referred as the ,, fifty-day” signal - seel . g. Barnes et al., (1983)
and Langley et al., (1981) - is very conspicuous in the wind terms on the Northern and the
Southern hemisphere in the entire study period while in the pressure term xP5 it is quite
indefinite if it occurs at all.

As regards the amplitude spectra of xV3 an xS3 i. e. the relative contributions of the
Northern and Southern Hemisphere in the axial component of EAMF, the most striking are
the annual and semi-annual cycles, whose amplitudes are several orders of magnitude larger
than the amplitudes of the other harmonics. The one hundred and twenty-day cycle appears
systematically from the year 1982, at the end of the period it vanishes.
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Fig. 9 Power spectrum of X3 [day]




Throughout the period under study, the axial component of EAMF x3 = xN 3+ xS3
has distinctly expressed both annual and semi-annual cycles. The one hundred and twenty-
day cycle is again very pronounced with the exception of the last two years of the study
period when it vanishes. The , fifty-day”’ cycle occurs during the whole interval 1977-1985.
It has to be borne in mind that unlike the annual, semi-annual and three-month cycles, which
are simple periodicities exactly corresponding to the respective number of days, the , fifty-
day” cycle is a phenomenon with a relatively broad band of frequencies from 30 to 60 days.

Figures 9, 10 and 11 present the amplitude spectra of the EAMF component x3 for
the whole nine-year series (from 1977 until 1985). For the northern hemispheric xV 3 Fig. 9.
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~lday] | Fig. 10 Power spectrum of x53

for the Southern Hemispheric xS3 Fig. 10, while for the global value x3 11 gives the
amplitude spectrum.

All these signals can also be observed in the spectra of LOD deviations. Annual and
semi-annual cycles have been known for a long time. Of greatest interest is the , fifty-day”
cycle detected in changes of the LOD by Gambis and Feissel (1980). At that time the works

Fig. 11 Power spectrum of x5

by Madden and Julian (1971) were already known, who discovered the , fifty-day” period in
the zonal circulation of the equatorial belt. Since then, the occurrence of quasi-periodic
changes varying within the range of 30-70 days has been recorded in numerous atmospheric
parameters in low geographic latitudes. Apart from the already mentioned zonal circulation
at the Equator, the , fifty-day” cycle has been established in pressure and temperature, in
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at the Equator, the , fifty-day” cycle has been established in pressure and temperature, in
cloud amount and convective activity, in long-wave radiation, in the monsoon parameters,
and in other meteorological quantities — see Cechovd et al., 1988. These |, fifty-day” signal
exists in subtropical regions and most of them correlate well with analoguous oscillations
above the Equator, in middle latitudes they appear only rarely. The effect of these oscillations,
sometimes referred to as intra-seasonal, on the predictions the higher latitudes outside the
tropics ha been investigated with the aid of mathematical model in ECMWF and elsewhere.

The next problem to be solved in the research of the Earth’s rotation is the prediction
of the pole position and LOD, a long-range prediction, in particular. As far as short-term
variations in the Earth’s rotation are concerned, as early as in 1985 the IUGG and IAG
proposed the application of meteorological global numerical models to predict variations in
the Earth’s rotation. In the NMC Washington, the prediction of EAMF has become operati-
onal in June 1986. The British Meteorological Office (Bracknell) has been publishing
predictions EAMF since December 1986 and ECMWEF (Reading) since April 1987. Meteo-
rological centres transmit to the TERS the values of EAMF calculated from the predicted
pressure fields, these predictions are maximum medium-range for 6 to 10 days.

4. Conclusion

Changes in the atmospheric circulation cause vacillations in LOD through the
exchange of angular momentum with the surface of the solid Earth. Fluctuations in LOD (on
the smaller than two years time scale) can be determined by regularly measured meteorolo-
gical data. In this paper we examined the axial component of EAMF and explained the data
by means of harmonic analysis techniques. Most spectral features at periods of a year or less
are common in the by meteorological an LOD data. In the time interval under study we
examined the changes of annual, semiannual, the hundred and twenty-day and fifty-day
signals in the time series of the meteorological parameters. For the time being, a long-range
prediction of the LOD is the object of research. The study of the fluctuations in the angular
momentum of the atmosphere and especially of their periodicities can constitute an important
basis of the elaboration of methods to predict the parameters of the Earth’s rotation.
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A precise calculation of canopy albedos is not practical because of the complex geometry of
leaf and stem orientation and insufficient information as to the optical propertics of the leaves
and stems of most plants as functions of scattering angles and Icaf and stem oricntations.

So the purpose of this work is to study the effect of variable surface albedo on the ground
surface termperature. The plant stand albedo was calculated using the Schwarzschild approxima-
tion (Ross, 1976, 1981), while the surface temperature was predicted using the ,.force- restore™
method (Bhumralkar, 1975; Blackadar, 1976; Deardorff, 1977). For calculations, the sensible heat
and specific humidity fluxes of bare ground and variable plant stands the onc-dimensional model,
(Yamada, 1976; Rakovec, 1978, 1981; Zhang and Anthes, 1982) has been used.

*

A novénydllomdny albedd felszini folyamatokra gyakorolt hatdsdnak modellezése . A novény -
zctalbedojanak pontos kiszamitasa nem Ichetséges a levél ¢s a szar bonyolult geometriaja valamint
azok optikai sajatossagainak a visszaverodési szogek ¢s az orientacio fiiggvénycben valo hianyos
ismerete miatt.

Ezért a dolgozat célja a valtozo felszin albedo talajfelszin hémérscklcetére gyakorolt hatésa-
nak vizsgalata. A novényalbedot Schwarzschild kozelitésének (Ross, 1976, 1981) a felhasznalasa-
val szamitottuk ki, mig a felszini homérsékletet a ,kényszer-clGallitasi™ modszer (Bhumraikar,
1975; Blackadar, 1976; Deardorff, 1977) alapjan becsiiltiik meg. A csupasz talaj és a kiilonbizo
novényallomanyok szenzibilis hé ¢s specifikus nedvesség fluxusanak kiszamitasara egydimenzios
modellt (Yamada, 1976; Rakovec, 1978; Zhang ¢s Anthes, 1982) alkalmaztunk.

1. Introduction

There is a permanent growing interest in the incorporation of physical surface
processes, and in particular vegetation processes, (Marthews, 1983) in atmospheric general
circulation models and climatic models. Perhaps the most important fact to emphasize in
present context is that 63 % of the energy input into the atmosphere originates from the
underlying surface (Verstraete and Dickinson, 1986).

Surface albedo, the parameter that controls the absorption of solar radiation at the
lower boundary of the atmosphere, is highly variable both in space and time (it depends on
the features of the surface, the radiation wavelength and the incidence angle to the surface).

The importance of the vegetation cover results from the fact that the actual size of
the vegetation area in contact with the atmosphere is appreciable, since the area of leaf
material is much larger than that of the ground surface itself (leaf area index, the ratio of the
total area of one side of all leaves per unit area of the ground, often denoted as L).
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When considering the albedo change due to surface change, it is important to notice
that it is not just the amount of vegetative cover that determines albedo, but the surface
texture and structure are also quite significant. For example, it is commonly believed that
deforestation increases surface albedo. This is usually true in the case of complete tree
removal, but selective cutting of trees would most likely increase the light trapping capability
of a canopy thus reducing its albedo. Further observational studies of surface albedo would
be especially helpful if carried out with a theoretical framework in mind and if directed to
the question of surface albedo changes due to land use change.

Itis important to account for effects on albedo of overlying vegetative canopies and
of variations in the snow depth when calculating snow albedos in a climate model (Briegleb
etal., 1986). Decrease of snow albedos due to crystal growth and accumulation of impurities
appears to be quite important, but there is yet little observational basis for incorporating these
effects into climate models.

The majority of meso- and micro-scale models contain the ground surface tempera-
ture, i. e., the surface temperature of the solid soil beneath the plant stand as a prognostic
variable. One of the parameters that influences the ground surface temperature value is the
surface albedo.

The basis objective of this study is a more complete description of the plant canopies
and of the influence of the variable surface albedo on ground surface temperature and other
surface proccesses.

2. Model for the numerical calculation of mean motion in the atmosphcre

A smaller albedo implies a larger fraction of incoming radiation which can be
absorbed by the ground and an increase in the heat-driven turbulence. The resulting high
ground temperature and strong turbulent transfer promoted stronger surface evaporation,
which acted to reduce the amount of the temperature increase.

The original numerical model (Rakovec, 1978, 1981; Zhang and Anthes, 1982) was
used for numerical calculation of mean motion in the atmosphere since it gives the soil
temperature as a dependent variable (it depends on the heat flux, heat conductivity and heat
volumetric capacity of the soil):

Y _f@ -vp =2 (-uw), M
ar az

B spti-u) -2 9w @
at Jz

29 ..¢ cwen, ®)
a  dz

M .3 (W) @)
at az

Inorder to calculate the momentum flux an sensible heat an specific humidity fluxes,
Yamada and Mellor’s (1975) turbulent closure method was used in this model with the
so-called ,,second degree closure”.
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The lower boundary conditions, when z —'z; was given by

u Z
(1 -y, vy —=V)) = —k'— In—2 (cos a, sin @), Q)]
4

= = 2
(©2-0)) = 0P In— (6)

2

z = 22
@2 -9 =9q.2p; Inz— (€]

1

where indices ,,1”" and ,.2"’concern calculating levels in the atmosphere (¢ =v=0), and « is
the angle between geostrophical wind and surface wind. The friction velocity u, potential
temperature 0, and specific humidity scales g, in the atmosphere defined in egs. (5), (0), (7)
were needed for calculating the momentum flux and sensible heat and specific humidity
fluxes on the first level used:

(~u'w’, —\;'VWA'),:},_l =u, (cos a, sin @), 8)
(WO, g =ku,O, =H, _ 4 9
Wq), -, =kid, (10
The upper boundary conditions, when z — o were given by

@i, V) = (g, vy), (n
Ww' VW, we', wig') = 0. (12)

The substitution of momentum flux, sensible heat and specific humidity fluxes
(Yamada, 1976) into equations (1-4) gives the following system of equations:

Gt == ;& ai

Z—fv-v,) = Z|IOS\ =, 13)
ot Fo-v az‘Q Moz

o, (&-u):ﬁ’lQ§ W, (14)
at ! ¥ w2l Maz)

0 I, ~ 0

—=~l1QS.\ i], (15)
a0z 0z

Eaﬂsfllgs”,.‘l" : (16)
o a2 0z

Formulations of Blackadar (1976) were used here for the length parameter / and the
turbulent field scale /,, to define /.

Values given by Yamada and Mellor (1975) as well as by Yamada (1976) obtained
from turbulence data in the neutral state (R; =0) were used for the stability functions
Syv =fu (Rj) and Sy = f (R;) as well as for the square root of turbulent kinetic energy Q.
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For the calculation of system of equations (13-16) it was necessary to determine the
distance z where the calculating levels are defined. For that purpose, it was taken that z
increases exponentially to some operational level and then increases linearly to the altitude
of 3500 m. In this work twenty operational levels were taken, including the levels on which
the upper and lower boundary conditions were defined. A , leap frog” scheme was chosen
for time derivatives because of its simplicity. However, for space derivatives, a scheme with
noncentral differences in space (Mesinger, 1976) was used. Therefore, for example, equation
(16) can be written:

~AMYGM + )" BO) GM)" T - C GM - 1) = 0 gD, 17)

where coefficients A(M) and C(M) depend on the coefficients for moisture diffusion
in the atmosphere (/QSy)atlevels M =1 (M =2,...19),and M + |, while coefficients B(M)
alsodepend on the time steps Az. The term Og(M)* that has the dimensions of advection, cannot
be placed on the left-hand side of equation (17) but is calculated in an explicit way. Using a
method given in a book by Richtmayer and Morton (1976), equation solution is:

Gmn" ' = VHM) M + 1)+ VHP(M) (18)

with coefficients VH(M) and VHP(M).

By determining the appropriate initial values for VH(M) and VH(M) that will
satisfy the lower boundary condition for the specific humidity in the atmosphere, all neces-
sary values can be calculated for coefficients VH(M) and VHP(M) for the first time step.

By means of these values in equation (18) the specific humidity at level M = 19 can
be calculated, using the valne of the specific humidity at level M = 20, which is given by some
upper boundary condition. The same procedure was repeated when calculating the specific
humidity at all other levels in subsequent time steps.

3. Surface and canopy model

In this study we have evaluated the factors which are important for determining the
albedos and energy balance of a land surface. The concepts of albedo and energy balance are
essential to the inclusion of land surface processes in climate models.

The determination of ground surface temperature in a climate model in usually
accomplished by solution of a surface energy balance equation. A complex component,
however, is the soil heat flux, which apparently requires the time-dependent solution for soil
temperature.

3.1 Bare soil surface

For predicting ground surface temperature in an efficient time-dependent equation
(,,force-restore” method) is used (Bhumralkar, 1975; Blackadar, 1976; Deardorff, 1977).
This method involves the temperature within a thin 0,01 m slab of soil just below the surface.

The starting equation of the , force-restore” method is in the form of:

arg 1 o
S 1) -y, 1), 19
o " Ced [vG(O. 1) —vg(d, 1] (19)
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where d is the depth in the ground for which temperature is predicted (d = 0,01 m) C, the
volumetric heat capacity of the ground, and v; depth d during the time 7, equal to:

Y60, 1) = Y5+ Yo+ Yy + Vg (20)

1/2

“Cery I S+ Tydn-T, |, @1
w ot

Yo . 1) = '

where o is the frequency of oscilation, rg thermal conductivity, and T the average tempera-
ture of the layer of depth d.

The fluxues of shortwave solar radiation, long-wave ground and atmospheric radia-
tion, sensible and latent heat, which will be defined later, are denoted by v, Yg. vy and v g.
respectively.

By using equations (19) - (21), for the equation of heat diffusion into the soil and for
the implicit schems for the prognostic equation of ground temperature we get the following
(Bhumralkar, 1975):

(o} CVA (T -
PR . oL . L o

& C1/Ar + (NCyl2) - NGO, 0/aT,

where C = Cod + (vg Co/20)'".

It may be noted that all terms on right — hand side of Eq. (20), except vg, are
functions of Tg. Thus, according to next Eqgs. (25) — (27) we abtain

NG(O, 1) L, Cpgo dqg

Cprio dT,

C.Ciii VL
T v p~DHO
B (’P

The ground volumetric heat capacity Cp, as well as its thermal conductivity
depend largely on the soil water content in the surfgace layer Wy, so that for the bulk moisture
content of 0,30, volumetric heat capacity and thermal conductivity for clay soil (De Vries,
1963) are:

Cy - 2.88 - 10% i’k ",

N =101 Wm'K",

When there is a snow cover, these features for average old snow (Robock, 1980) are:

Cy =160-10%m=3 K,

A =045Wm 'K

To realize the equation (22) it is necessary to determine, as accurately as possible,
the surface heat flux v4(O, 7).
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The direct and diffuse solar radiation flux on the bare soil surface was calculated
according to Paltridge and Platt (1976)

Ys=Vg+Vp i.e.

Ys=(1-A)Y,dy (1-¢) g iRy +;< 1-¢™)cos 8 [1 -c - cr(®,)] 23)

where A, is albedo of bare soil surface, v, the solar constant equal to 1376 Wm2, ¢ stands
for cloudiness, while for diffuse radiation of altostratus clouds the empirical Tverskoya
formula (Rakovec, 1978) in the form of:

r(60) = 1,48 + 1,9 cos O, was taken.

The scalar product of 7 7o determining the direct solar radiation flux per area unit
whose vertical is 7, was calculated in a local spherical coordinate system. g™g g™s are
transmission coefficients of the atmosphere for absorption and diffusion calculated as:

ga" - 4s™ - 0,90 cos o7, where
cos 6, = sin ¢ sin § + cos @ cos & cos U, 24)

where ¢ is the latitude and § the sun’s declination.

The net downward flux of the longwave radiation of ground and atmosphere,
(Paltridge and Plart, 1976) is equal to:

Tr=03 g0 (Ty * - ecTe ), (25)

where g and ec rcprcsgnt ground and cloud emissivity, o is the Stefan-Boltzman constant
equal to 5,7 x 10°8wm 2K, T¢ is the cloud temperature, while the constant (0,3) includes
the atmospheric long- wave downwards radiation.

The outward fluxes of sensible heat and water vapor from bare surfaces are usually
obtained from the aerodynamic transfer formulas (Dickinson, 1983):

Y =p,CyConio M (T, - T, 26)

e = poLvCoEo V1 (4, - ay), @n

where p, is the surface air density; C, is the specific air heat; Cpgo and Cpgo are
aerodynamic transfer coefficients for heat and moisture, respectively; |V] is the vind velocity
at the first level above the canopy; T, and gg are the temperature and specific humidity
immediately adjacent to the surface, while T} and q; refer to the temperature and specific
humidity at first reference level above the canopy determined from an atmospheric boundary
layer parameterization (Rakovec, 1978; 1981 Zhang and Anthes, 1982); L, is the coefficient
for latent heat of evaporation (or sublimation if the surface water is in the form of snow).

The coefficients Cpgo and Cpgo may be nearly equal and they generally depend
on surface roughness, temperature lapse rate and wind shear (e.g., as combined into a
Richardson number) as well as on the chosen reference level.

. Inthis case the bare surface in assumed to be moist. The concentration of water vapor
adjacent to a wet surface is a known function of its temperature (equal to that of the surface),
ise.,

4g =g sat (Tp) » (28)
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where go gat it the saturated specific humidity. The overlying air is also assurhed to be
saturatcg, hence

91 =9sa (Ty) and L, (g - q) =~ BCp (T, - Ty)

where B is Bowen’s ratio given by Priestley and Taylor, (1972) as

B =i 29)
0'8qa/3T,

where the value o characterizes the surface evaporation which is equal to ay We/Wsay
(aw = 1,26) and W, is the ground moisture saturated with water.

In order to change the specific humidity of saturated air g,, with the air tempera-
ture, the empirical expression (Priestley and Taylor, 1972) was used in the form of

st _ 56740011 7.

3.2. Inclusion of vegeration layer

The influence of the variable plant stand albedo on the ground surface temperature
is simulated by using the Schwarzschild approximation (Ross, 1981), while the ground
surface temperature is predicted by the ,.force-restore” method.

The heat storage of plant canopies is usually considered negligible, implying a
balance between radiative, sensitive and latent heat fluxes, expressed by Eg (20). In this
equation, shortwave solar radiative flux vy for plant stand was calculated using Eg (21),
where A, = Ag (Eq (35), section 4) without transmittance through the foliage and longwave
ground and atmosphere radiative flux ygc using Eq (25).

Fluxes of sensible and latent heat were obtained from the aerodynamic transfer
formulae (Monteith, 1981):

YHC = poCp Tyt e T, 30)

Yegc = poly 7 E @ — 1), (€1

where 7 1 = Cpy |V], Flp = Cpe |V| and Tyand g are temperature and specific humidity,
on the canopy leaves surface. For calculation Cpy and Cpg in this case the simplest
interpolations as

Cpu = (1 - 0)Cpho + 0rCpHc:

Cpg = (1 - o0)Cpgo + orCpEc

were used. of is an area average shielding factor associated with the degree to which the
foliage prevents short-wave radiation from reaching the ground. The limits of of are
0 =or =< 1.Estimates of of for various stands of either deciduous or evergreen trees (Dickinson,
1983) are from 0,4 to 0,98 and 0,82 for meadow grass.

If the relative area of transpiring vegetation equals to the leaf area index (L (defined
as the ratio of the total area of one side of all leaves per unit area of the ground), then the flux
of water out of the leaves, which must balance Y; g, is given by
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Yikc = Poky s | Llgsa(T) - 1) 32)

The term rg represents the resistance of the leaf stomata to water diffusion through”
the leaf. The first term in the brackets is the water vapor concentration inside a leaf, which
is generally assumed to be the saturated concentration at the temperature of the leaf.

Elimination of g, in Egs. (31) and (32) gives equation (Dickinson, 1983)

[95a(T) - q,]
YeEC = PolyL — “i == (33)
TE+7s

where rg = Lrg, that is used in this case for calculating Y; gc. Due to temperature differences
and relative dryness of the overlying air it is convenient to decompose the humidity difference
in Eq. (32) by taking:

Ga(T) =B 'L, C(Ty~ Tp) + qa(TY). (39)

Daily values for the leaf temperature 7} was calculated as

Vo~ B
T| B T| 1k(_rsc ,,AR() 7£’ll

(1+B.) p,C,,
(Moore, 1976 and Monteith, 1981), while latent heat flux of plant canopies was calculated
using term Y pc = Yyc /B¢ . where canopy Bowen ratio is equal B, = m‘l B(rg +r5) and
rqy =Lry.

Daytime values of stomatal ressistance rg for green leaves are usually found to be in
the range 100-1000 s m-1. Tall grass or crops would typically have transfer coefficients
Cprcand Cpgc about four times as large as was appropriate for the smooth surface (Cpyo
=Cpgo =2,75 10-3-a typical value for the aerodynamic drag coefficient evaluated at
the 10 m leves over a smooth bare ground surface) under conditions of neutral stability
(Yamada, 1976).

As a simple numerical example we take |17] =6 ms-!, so we get for aerodynamic
resistance to heat transfer ryy = 75 ms'! (L = 5 for very dense vegetation), which is the same
magnitude or somewhat smaller than r in out case (rg = 100 sm-1). Short grass would have
Cpnc decreased by a factor of 2 and r increased by a factor of 2. On the other hand, Cpye
for forests in an order of magnitude larger than for crops and grassland, so for forests
ry typically assumes values of the order 10-30 sm-!(ry = 10 sm-1, in our case).

The water vapor transfer coefficient rg! is usually assumed to have the same value
as the heat transfer coefficient rg! (Dickinson, 1983).

The total plant stand albedo A which affects the ground surface temperature was
generally defined as:

Ai‘ys' + A[)iyl)

Ag = (35)

‘ys +‘YD

where the plant stand albedo with direct solar radiation was given as A; and the one with
diffuse solar radiation as Ap; (i = 1, 2, . . . 7). They were calculated using the Schwarzschild
approximation for visible radiation by assuming different plant stand and ground surface
characteristics. The influence of the variable plant stand albedo on ground surface tempera-
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ture was tested in a seven-day simulation to attain higher stability in calculation. Following
constants were used:

- latitude ¢ = 45°,
— the sun’s declination 8gymmer = 19° dwinter = -23%
- the time step for the prediction T, Ap, Y5, Y. YL g, At = 15 min,

— the starting temperature of the ground is equal to the average temperature at the
depthof 0,01 mat21 p.m.i.e. T, = T, =284,6K,

— ground emissivity ey = 0,95 and cloud emissivity ¢, = 0,90,
- cloud temperature 7, = 250 K,

- saturated soil water content is W, = 0,45,

- relative cloudiness ¢ =0,4.

Equation (24) was used to calculate the sun’s zenith angle during the day. In the
study, a series of experimental simulations of surface conditions were done and, the results
will be given in the section 5.

4. Plant stand albedo (Canopy albedo)

The processes that determine the plant stand albedo are complex and it is tempting
in developing climate models to rely on summaries of observational data. However, existing
data sets can be quite misleading in conveying the impression that albedos are fixed constants.
Albedos are generally dependent on both the wavelength and incidence angle of incoming
solar radiation. Plant stand albedos, furthermore, are dependent on the structure of the canopy
and on the orientation of plant leaves; the primary intent of this section is to use physical
reasoning and simple mathematical models to summarize how these factors determine the
plant stand albedos.

Leaves, unlike water droplets, absorbapproximately half the incident solar radiation,
mostly in the visible.

Most of the light transmitted through the leaf is absorbed by lower leaves or by the
ground. If all the transmitted light were subsequently absorbed and all the light reflected
from the upper leaf surfaces were to escape the canopy, the plant stand albedo would
correspond to the leaf albedo. Much of the light reflected from the leaves situated below the
top surface of the canopy is shadowed by other leaves and so further attenuated; this light
trapping reduces the plantstand albedos to values considerably lower than of individual leaf
surfaces.

In this section the plant stand albedo was approximated by leaf canopy albedo. The
plant stand albedo was calculated using the simple Schwarzschild approximation (Ross,
1976, 1981) and Eq. (35) in different cases.

In case of moderately dense canopy (L = 2) the plant stand albedo was calculated for
a uniform foliage distribution, the foliage scattering coefficient W} = 0,65, where the value
0,21, valid for grass cover, was taken for the surface albedo of the ground A p using the
equation:

Ay =Ap| =A"+ Ay - A) exp [-L(1 + G/cos 6,)], (36)

(Ross, 1981) where G is foliage orientation function (defined as projection of unit
foliage area in the direction of observation onto a plance perpendicular to the same direction
(and A’ was calculated using the equation

- (1 - w2
T1+2(1- W ") cos b,

37
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(Ross, 1981). The sparse plant stand albedo (L = 0,5) was calculated under the same
conditions as in the previous case, while for the surface albedo of the ground A, the value
0,14, valid for bare ground, was used with the following equation (Ross, 1981):

A =Apz =Ap - Ay —A) (1 + Gleos 8,)L, (38)

where the direct solar radiation albedo A’ was calculated using Eq. (37).

The Eq. (37) was used to calculate the albedo values of crops for a dense plant stands
and uniform foliage distribution (direct solar radiation albedo A43), while the diffuse solar
radiation albedo was calculated using:

1-(1-wp"?

A= [-"

172 _ 172

1
Eln (1+2)(1-Wp) 39)

The albedo values of grassy plant stand were calculated under identical conditions
taking into consideration not only foliage but also stems and panicles. The grass cover albedo
with direct solar radiation was calculated as:

Y= (1 =Wy e 1
A4~ il Y e L (40)
2(1 - W) "“cos 6,

1+

2
BL+— (Bs+By)sin b,
w

while Eq. (38) was used to calculate the grass cover albedo with diffuse solar radiation Apj4.

In the case of horizontal foliage, which is dominant in a plant stand, it is possible to
obtain the exact albedo value (Cowan, 1971; Ross, 1976). In the case of single scattering
(W, = 0,15) for the albedo of very dense plant stand with horizontal foliage, a very small
value is obtained:

Wy/2
1-W/2+(1-wp)'?

Ayedpsw - 0,04, @n

while in the case of large scattering (W = 0,85) for the albedo of a moderately dense plant
stand (L = 2) with horizontal foliage, we get

Ap+Ry (1-ApL
L+R (1-ApL

Ag=Ape = = 0,53, 42)

where the value 0,21, that correspond to the grass cover, was taken for the surface albedo of
the ground 4y, and Ry, = W./2.

Because of the presence of snow cover during the winter, the surface albedo has
relatively high values. According to numerous measurements (Kung et al., 1964; Hummel and
Reck, 1979; Kukla and Robinson, 1980; Robock, 1980; Briegleb and Ramanathan, 1982) the
surface albedo of fresh snow can range from 0,75 to 0,90, while only a few days later, due
to metamorphosis of the upper layer, it is reduced to around 0,56.

The average value A, of 0,70 was taken for the snow cover albedo. The
sparse plant stand albedo (L = 0,2) above the snow A, (Eq. 35) with uniform foliage
distribution and W = 0,65 was calculated using the following equation valid for direct
radiation:

Ag=Ay-|Ap-

1-a-w' ”1+ g ]L (43)

1+2cos O,(1 - Wy)'"? cos B,
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while the plant stand albedo under the same conditions for diffuse solar radiation
was calculated using the equation:

[1—(|-Wl)”2 1
— |1 -W; -—In(1+2(1 - W)
L L.
| 1-w 5

1/2

-c,,}—(l - CiAp) -

- (44)

7 i B -
D7 2L -W, )2
]—ClAp—(Cl —Ap)e L

12 1/2
=G5 () gy V) g )

; 12
I~ Gy =(Ci=clpyers =Y

where the coefficients C, Cs and U, were calculated as with Ross, (1981).
To calculate the albedo of the dense plant stand above the snow A (Eq. 35), Eqs.
(37)and (38) with A, = 0,70 were used.

The results obtained by the examination of the effects of the plant stand albedo on
the surface processes will be presented in the next section.

5. Experimental testing

In the experimental testing of the effect of the plant stand albedo on the surface
temperature seven different cases were considered.

Fig. 1 shows the calculated albedo values for a sparse (Eq. 36) cover compared to
the constant albedo value for bare ground surface of 0,14.

Aq (%)
30 A

U-/.

20 -

G

Fig. 1

Albedo AQ (%) dependence on
zenith angle of thesun Z (°)
h = [90°-Z] for: R - sparse plant

cover, G - bare soils and 10 20 30 40 50 60 70 80
U - moderately dense plant cover Z(°)

The influence of the sparse and dense plant stand albedo, as well as bare ground
surfaces, on ground surface temperature is shown on Fig. 2.

The plant stand albedo shows the greatest influence on ground surface temperature
during the day from 9 a. m. to 6 p. m., when the maxium temperature for sparse plant stand
of 296,3 K and moderately dense plant stand of 294,9 K was obtained. When compared to
the maximum temperature of a bare surface 297,0 X, this represents a temperature reduction
of 0,7 K and 2,1 K, respectively.
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In Fig. 3 the shortwave solar radiation for a bare ground surface and moderately
dense vegetation is shown. The graphs obtained are symmetrical in relation to noon while the

300 { T (K)
290 -
Fig. 2
Diurnal variation of surface
P temperature Tg (K) for: R - sparse
280 T plant cover, G — bare soils and
3 U - moderately dense plant cover

absorbed solar radiation in moderately dense vegetation is reduced by 52 Wm 2 in relation to
bare ground (Moore, 1976).

e -
! T, (Wm?)

500 +

400 |

300 +

200
100
Fig. 3
Diurnal variations of short-wave solar net radia-
3 h tion 'Ys(Wm'z) for: G — bare soils and U — modcra-
i ) . tely dense plant cover
() A A
Q S2
30 ¥
a K
2 / Fig. 4
/ , Albedo AQ (%) dependence on zenith angle
s G of the sun Z (°) h = [90°-Z] for:
o crops (Z) compared with bare soil surface
10 . - - = = s . Z( ‘) (G) and grassy plant stand (T) compared
10 20 30 40 50 60 70 80 with the constant (K) for this kind of
vegetation
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Fig. 4 shows albedo values of crops Z (Eq. 39) compared to bare soil surface albedo
G (ploughed field) and of the grassy plant stand albedo 7' (Eq. (40)) compared to the constant
albedo K, value usually used in meso-scale models for this kind of vegetation. These values
agree quite well with the experimental data (Kolic, 1976, Ross, 1981).

8g
03+
02¢
|
|
Fig. 5 ‘
Albedo AQ (%) dependence on zenith angle of the | 01 _m \ .
sun Z (°) h = [90°-Z] for: maize plant cover in flowering ’ 0 20 40 60h_(°)
phasc compared with experimental data (Ross, 1981) o

Fig. 5 shows the measured albedo values of maize in bloom compared to the curve
obtained by using the Schwarzschild approximation for calculating the albedo (assuming the
dense plant stand) with the diurnal height of the sun A, = «/2 - 8, (Ross, 1991).

1 ;
0T i . a)
// B
290 | \\
ST
280 4 T T T T T T T ™
300
Tg (K) = 1 b
P )
7 K N
Fig.6 |20 5 \
Diurnal variation of surface tem- - " \
perature Tg (K)) for: G - bare // e
soils, and Z - crops 280 —t— h
T - grass and K —albedo of constant o 3' (; (; 1'3 1'5 ll8 2'| 2‘;
value (0,21) "

Fig. 6 shows the ground surface temperature obtained by taking into consideration
the plant stand albedos (crop and grass) that were compared to the ground surface temperature
of bare ground and grass cover with a constant albedo.

If, instead of crop, bare ground surface was to be observed, which is often used in
meso-scale models, amaximum error of 1,1 K in the ground surface temperature would occur,
while in the situation when the constant instead of the variable grass albedo had to be used
the maximum error of -0,9 X in the surface temperature would occur.

The influence of the plant stand albedo value in the case of horizontal foliage and
for single scattering (Eq. (41)) as and for large scattering (Eq. (42)) on the ground surface
temperature is shown on Fig. 7
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The maximum ground surface temperature equal to the temperature of very dense
plant stand with large absorption was 297,1 K, while with large scattering the maximum

300 4 T (K) Wy =0,15
’\\\
// /"K \\\§
7 N ; Fig. 7
290 7 . " N
/.//' . \\ \\ Diurnal variation of surface
///,/ 2 W; =085 \\\ temperature Ty (K) - constant value
e s i albedo (0,21), strongly absorptive
280 T T T T T T T ™ lant cover (W1 = 0,15) and strongl
% plant cove L=0, strongly
B 3 6 79 ]727 15 B lii 21 ) _"4 | scattering plant cover (W1. = 0,85)

ground surface temperature was 291,8 K. When compared to the maximum ground surface
temperature predicted at the constant albedo value (0,21), a maximum temperature greater
by 1,8 K was obtained in the first while in the second case it was smaller by 3,5 K.

Fig. 8 shows the total shortwave net solar radiation for the plant stand whose foliage
greatly scatters the sun’s radiation. It can be noticed that for the great foliage absorption the

600 { Y (W m-2) WL =0,15
500 A
400 -
300 -
200 A
100
Fig. 8
Diurnal variation of short-wave solar net radiation
h Y (Wm’z) for: K - constant albedo value (0,21),
T T T T T i -
3 9 12 15 18 51 strongly absorp.uve plant cover (Wi, =0,15) and
e - strongly scattering plant cover (WL, = 0,85)

maximum shortwave net radiation at noon on the first day of simulation was 600 Wm-2, while
for the great foliage scattering the maximum shortwave net radiation was nearly two times
smaller, i. e. 290 Wm2.

The influence of the different foliage scattering coefficient on sensible and latent
heat is shown on Fig. 9. The sensible and latent heat fluxes with a small foliage scattering
coefficient are significant i. e. the sensible heat flux at noon is 118 W-2, while the latent heat
flux in the same instance is 129 Wm-2. In the case of a large scattering coefficient the sensible
heat flux obtained was 12 Wm-2, and for the latent heat flux the value was 10 Wm-=2.

Leafless hardwood canopies over a snow surface can consequently greatly reduce
the effective surface albedo (Roboch, 1980; Dickinson, 1983).
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The influence of the snow cover surface albedo as well as the influence of the surface
albedo for sparse (Egs. (43) and (44)) and dense (Egs. (37) and (38)) plant stand above the
snow on the ground surface temperature for a two-day simulation is shown on Figs. 10

T HC (W m-Z) a)/ TLEC (Wm'D) b)
0" 3 59 1215 7721 36 9 1215 9
0 2 e = P . | S— I~: e A
Fig. 9 e N
s S i it | \wW, =085/ \w, =085 /
Diurnal variations of: sensitive heat 40 | (o L VLTRSS
flux yHc (Wm®)and .60 L ) / L ‘\ /
latent heat flux yLEC (Wm™) for .80 X ! L \ II
strongly absoptive plant cover | 100 | W =015\ _J - W =0,15 \ /
(WL =0,15) and stongly scattering 120 }- v L ‘\'/J
plant cover (WL = 0,85) e e

A sparse Elant stand above a snow cover may decrease the surface albedo conside-
rably, so that, on the first day of simulation, the maximum canopy surface temperature was
%reater by 3,6 K compared to the maximum snow surface temperature of the snow cover (Fig.

0). Even greater differences are obtained in the presence of a dense plant stand above the
snow, so that the maximum canopy temperature of a dense plant above the snow is greater

280} Tg (K)

G —
/R_'\.

S \'\
3.6 9,/1; 15" 18—21.—24 :==3<"6—9

. —_— = g 5

270

1 DAY
260

Fig. 10 Diurnal variation of canopy surface temperature Ty (K) for: S — snow cover, R — sparse plant cover
over snow and G - dense plant cover over snow

by 5,1 K, while during the second day of simulation is greater by 5,7 K compared to the
maximum snow surface temperature of the snow cover (Fig. 10).

The maximum canopy surface temperatures obtained by the examination of the
effects in this way calculated albedfos were presented in the Table 1.

Table 1
The effects of albedos Ao (%) on the maximum canopy surface temperatures Tm(K)
Tm(K) 2949 2963 2959  296,1 297,1 291,8 274,6
Eqs. Eqs. Eqgs. Egs. Eq. Eq. Eqgs.
AQ (%) B6),(37) (37),38) (37),(39) (38),(40)  (41) (42)  (43),(44)

Fig. 11 shows that the absorbed shortwave radiation with the presence of a ver
dense plant stand is nearly two times greater in comparison with the shortwave radiation wit
the presence of a snow cover only.

Tie(Wm?)
100
Fig. 11
Diurnal variationg of short — wave solar net radia-
tion Ysc (Wm™) for: S — snow cover, R — sparse 3 ¥

plant cover over snow and G - dense plant cover
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6. Conclusions

In this paper a method for calculations of the effect of the plant stand albedo for
solar radiation on predictions of ground surface temperature has been proposed.

The plant stand albedo shows the greatest influence on ground surface temperature
when the surface is covered with the snow. For example, a sparse plant stand above a snow
cover may decrease the surface albedo so that, the maximum canopy surface temperature
was greater by 3,6 K compared to the maximum snow surface temperature of the snow cover.
Even greater differences are obtained in the presence of a dense plant stand above the snow,
this should be taken into consideration when applying the albedo to the climate models.

List of symbols

A; - albedo of direct radiation in plant canopy, L, - coefficient for latent heat of evaporation,
Ap; ~ albedo of diffuse radiation in plant canopy Ag - thermal conductivity,
Ap - albedo of the ground surface, M - atmospheric level number,
Ao - total albedo in plant canopy Q - frequency of oscillation equal to
Aj,Ay - empirical constants, 2)g/(period of the wave),
o - characteristic of surface evaporation, Q - velocity scale,
Oy - constant qa - specific air humidity,
B - Bowen ratio, Gw - specific humidity of saturated air,
B\, By - cmpirical constants, R; - Richardson number,
c - relative cloudiness, Ry - coefficient of plant reflectivity,
Cy - soil volumetric heat capacity, §M. S‘” - stability functions,
(68 — air specific heat at constant pressure, s - solar radiation direction,
Cpn - aerodynamic transfer coefficient for heat, TS - leaf stomate resistance,
Cpg - aerodynamic transfer coefficient for Po - air density,
moisture, o - Stefan-Boltzman constant,
d —depth of soil, of - shielding factor,
8 —sun's declination, T - air temperature,
G - foliage orientation function, T, - ground surface temperature,
r — function of Richardson’s flux number, T - cloud temperature
Y1, Y2 - empirical constants, T — leaf temperature,
Yp - diffuse solar radiation flux, t - lime,
Yo - soil heat flux, Ar — time step,
YH — air sensible heat flux, ¢} - potencial temperature,
YLE — air latent heat flux, 0, - zenith angle of solar radiation,
Yo - solar constant, 14 - near-surface wind velocity,
YR - net longwave radiation flux W, - soil water content,
Y - direct plus diffuse solar radiation flux WL - scattering coefficient in plant canopy,
Yy - direct solar radiation flux, Wsa - saturated soil water content,
h, - height of the sun, 2 — vertical direction
L - leaf area index,
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Calculation of diurnal variation of surface temperature

using a simplified energy balance model

Z. Dunkel, K. Pdsztor and Cs.Tiringer
Central Meteorological Institute H - 1525 Budapest PO Box 38

To describe the daily run of canopy surface temperature a simplified energy balance model
was constructed following the recommendation of Sellers et al. (1986). We have only one data set.
The results of a remote sensing experiment executed at the Szarvas Agrometeorological Observa-
tory (Hungary, 46° 52’ N; 20° 31" E) on a sunflower crop grown in continually compensated
lysimeter representing well-watered (potentially transpiring) vegetation were used to test the
model. Selecting the rainless days from the measured data series in the period 16th June - 3th
August 1988 (48 days) we received a 22-day-long data series. The validity of the model was
evaluated comparing the calculated and the measured surface temperature. The calculated daily
course is near to the measured values and the model appears to perform.realistically.

*

A felszinhdmérséklet napi menetének szamitdsa egyszeriisitett energiaegyensulyi modellel.
Kovetve Sellers et al. (1986) javaslatat a felszinhomérséklet idébeli menetének leirasara egy
egyszeriisitett energiaegyensilyi modellt konstrualtunk. Csak egy adat egyiittes allt rendelkezeé-
siinkre. A Szarvasi Agrpmeteorologiai Obszervatoriumban evapotranspirométerbe vetett napra-
forgé allomany felett elvégzett tavérzékelési kisérlet adatait hasznaltuk fel a modell tesztelésére.
Az 1988 janius 16-t6l augusztus 3-ig (48 nap) tarté mérések koziil kivalasztottuk a csapa-
dékmentes napokat, s igy egy 22 nap terjedelmii adatsort kaptunk. A modell josdgét a szamitott
és mért adatok dsszevetésével becsiiltiik. A szamitott napi menet jol koveti a mért értékeket, s Ggy
tiinik, hogy a modell jol miikodik.

Introduction

The energy balance simply states that the incoming energy of a system is equal to
the sum of the outgoing energy and internal storage. Since the various forms of transported
energy are generally a function of temperature, the energy balance can be used to determine
the temperature and the changes in temperature of the system.The energy balance can be
written as

Ry=D+G+J+A+H+LE

where:
Rn - net flux of radiation [Wm'Z]
D - net rate of horizontally advected energy [Wm'z]
G - heat flux across the bottom of a control volume [Wm ’2]
J - net physical storage in the volume per unit time [Wm-z]
pA - net biochemical storage per unit time [Wm_z]
H  -vertical flux of sensible heat [Wm2]
LE - vertical flux of latent heat [Wm’z]
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A simplified version of equation (1) has been used for calculations. The net flux
uA is a measure of the rate of energy stored biochemically.The average value of pA may be
as large as 15 Wm-2 (daytime) and as small as -3 Wm-2 (nighttime). Similar results were given
by Hunkdr (1986) for maize canopy. The minimum efficiency was 0.55 % and the maximum
value never reached more than 5.6 %.This is a negligible quantity in comparison with R,,.
Although the flux divergence term D is significant, it is not easily measured and is therefore
often neglected. The physical storage Jis again a negligible quantity. A typical maximum
value of it in a well-developed canopy is about 20 Wm-2 (Thom 1975). For this reason a
simplified version of Equation (1) can be introduced:

R,=G+H+LE @

‘We have used (2) as the basis for the following considerations. One possible way to
solve it is to establish a correlation between the measured quantity of water actually
evaporated and the surface temperature or net flux of radiation. This method needs a great
number of simultaneous measurements of evaporation and surface temperature. In addition,
if the crop or the subjacent surface change, we should establish new data bases. In the course
of our research two simple methods were employed, both of which demand a considerable
amount of field experimentation.One of them was recommended by Jackson (1977).He found
a good linear regression between the one-time-a-day (taken between 13.30 and 14.00 hours)
measurements of T¢ - T4 (surface or skin temperature minus air temperature measured in
standard wind shelter)and daily values of vertical flux of sensible heat. He assumed that the
soil heat flux for 24-hour periods can be taken as constant. When these simplifications are
made (3) becomes

R,-LE = a+b(Tc-Ty) (3)
where:

Tc - surface temperature of a plant canopy [°c)

TA - temperature of the surrounding air (taken at 2 meters) [°c

a - constant value of the soil heat flux

b - being a composite constant that must be determined by means of several measurements

Choosing a relatively short time unit the evapotranspiration can be determined as a
reminder term of the Eq. 2. The disadvantage of this method is that the simultaneously
measured temperature data are not always available. We have chosen the other more
complicated way to simulate the terms of Equation (2) (Sellers 1986).

1. The Structure of the Simplified Surface Model
The governing equation for the canopy temperature is:
Tc
Co—= = Ryp~Hp~LE, @
t

where:
Cc - heat capacity of the canopy [Jm'zK"]
The subscript ,,C” refers to the canopy.
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The net radiation fluxes are obtained by subtracting the emitted thermal radiation
from the absorbed radiation:

Ric =(1-a)- S—a(ec- Tc* +ea- T ®)
where:

« - canopy albedo

S - sum of the incoming radiation for the canopy [Wm"Z]

o — Stefan-Boltzmann constant [Wm’zK“‘]

€C - canopy emissivity

€A — air emissivity

The sensible and latent heat fluxes can be expressed by the well-known resistance
formulation, whereby

potential difference
flux =
resistance

This approach makes it possible to treat the effects of the canopy and the air
together, because the air resistance can be added to the canopy resistance. The term H is
determined in the following way:

Tc-T,
He = oy - c—4A ®)
p
where: .
p.cp - density and specific heat of the air [kgm™], [Jkg 'K
m - acrodynamic resistance between ground and canopy air space [sm- 1]

The neutral value of the aerodynamic resistance for the transfer of heat and water
vapour from the ground cover and the soil surface to the height ha, can be written as

hA
D |
= dz )
D / o
0
where: w
KM - momentum transfer coefficient [m“s ]
ha — the water vapour and sensible heat source height,
may be defined as the center of action [m]

The determination of Kjs needs detailed measurements of the wind profile. Theo-
retically the heat transfer coefficient does not correspond to the momentum transfer coeffi-
cient. But unless the condition are extremely unstable it is permissible to use a universal
transfer coefficient. The available measuring instruments do not allow to determine rp by
(7), so we had to use a simpler relationship:

C
-t ®
J Un
where:
unh - wind speed at h [ms-1]
(6] - surface dependent constant, obtained partly from the literature (Goudriaan, 1977) and

partly from our experiments.
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The transpiration rate from the vegetation is given by

e (To) -ea pep

LE - (1- W) )
rc+m Y
where:
L - latent heat of vaporization |Jkg'|]
ex(Tc) - saturation vapour pressure at lcmperatures Tc |hPa]

(At the stomata the air is supposed to be saturated until the soil
moisture content reaches the wilting point.)

eA — vapor pressure in canopy air space at temperature

TaA - measured at 2 meters high in thermometer screen |hPut

rc - canopy resistance [sm ']

Y - psychrometric constrant |hP:<1K_I |
Wc - wetness fraction of canopy and ground cover, 0<Wc<l1

If any part of the canopy is wet,we suppose,that r¢o = 0 and calculate as for free
water surface. These conditions exist after rain until the canopy dries out. In our investiga-
tions only the cloudless days were considered, when W = 0. Practically and theoretically
the determination of r¢ is the most difficult. This term integrates the resistance of the
canopy against the water during the whole period from the draining till the transpiration. The
quantity of r¢ is not measurable directly. We could measure only the resistance of the leaf
surface, which is called stomatal resistance. It can be measured by steady state porometer.
The stomatal resistance has daily and monthly course. It depends not only on the species of
plant but also on the water and nutritive supply in the soil (Szeicz et al. 1969, Anda 1986,
1987). To approximate the stomatal resistance is more complicated than that for the
aerodynamic resistance. Adapted from Goudriaan (1977) Sellers (1986) submitted, using
other sources, a possible theoretical approach. This gives a connection between the measu-
reable parameters and the canopy resistance:

LAI w/2 2w
ot PERERD ot sl (10)
—= ———— sind-do- .
o / / / rss.p.00) 0
0o 0 0
where:

Ve — fractional area covered by the canopy
Nc - green leaf fractions of total Ieaf and stem arca indices (as function of time)
O(¢,0) - leaf angle distribution
rs — the stomatal resistance of an individual green leaf (measureable)
f(¥) - product of all stress terms influencing stomatal resistance
$0, - leaf azimuth, inclination angle
S - downward PAR (photosynthetically active radiation) 3

flux above canopy [Wm™]

b — extinction coefficient
LAI - leaf area index lmzm.zl

The practical application of Eq.10 s difficult because we have no information about
the spatial distribution of angles. So to calculate the r¢ value a similar method was used as
in case of rp. We approach r¢ empirically that gives only the daily changes of the canopy
resistance according to R,. :
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¥

Ic = W) (1)
RnC
where:
C2 - surface dependent constant calculated from the other evaporation values measured
by remote scnsingtechnique (Szabo, 1988)
0
W s
Og
(G} - volumetric soil moisture in the investigated layer, [mim’i]
5 - saturation value of [m"m™]

f(W) —is the function of the soil moisture

The temporal change of the soil moisture content is given by the water balance
equation.

D e = (e B (12)
_— - -— +

& O,k 1~ o c+Ls

where

h - thickness of the soil layer [m]

P — infiltration of precipitation into the upper soil moisture store [ms'l]

Q - flow into the deeper layer [ms»l%

Ec - transpiration from the canopy [kgm™ s'l]

Es - transpiration from the soil surface [kgm s "]

In the case of a cloudless day the precipitation, P and the flow into the deeper layer,
Q can be neglected. Since in our investigations we supposed that all the ground was covered
by canopy Eg was negligible too. The (4) governing prognostic equation was solved by an
implicit backward method. The terms of (4) were expanded to Taylor’s series. Using the first
term of the Taylor series we got an algebraic expression for the hourly changes of the 7.

Ce il S - i B0 S 5 s Y (13)
el T e (e I . .
M oge T O gl 7. sl T
where:
Cc - heat capacity [Jm’ZK’ l]
t - time [s]

T¢ could then be obtained from (13). Adding AT to the initial 7 at starting time
the T value will give T¢ for time 7, + Ar. The starting surface temperature value can be
determined by remote sensing using satellite data or near-to-surface measurements. In the
model calculations we used a 1 hour (3600 s) time step.

2. Tests of the method

The described method can be tested using micrometeorological measurements and
biophysical data at a point. From 16th June to 3rd August 1988 measurements were carried
out on in a sunflower field of the Agrometeorological Observatory Szarvas (Hungary 46°
52'N 20° 31’E). The canopy surface temperatures were measured with an infrared thermo-
meter of type KT-24 with a 10-12 micrometer waveband, which has an accuracy of +0.1
K. It was positioned on a platform 10 meter high to view the surface vertically, under the
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canopy growing in the Thornthwaite type compensated lysimeter (the plants were grown in
the lysimeter transpire potentially).The diameter of field of view was about 1 meter so we
measured not only the canopy temperature in the lysimeter but that of the surrounding surface
too. This bias is not a measurable quantity. A one channel data logger was connected to the
infrared thermometer and the continuously measured and collected surface temperature
values were the basis of all calculations. The standard meteorological data were measured
continuously in the Szarvas Agrometeorological Observatory. The data referring to cloudless
conditions were chosen and the final data basis consists of only 22 days.

Table I The results of the model.

t ] Tc I Ta ‘j Rnc l Hc LE L TCmes-TCcal
Average values

7 18.7 195 109.1 =250 181.8 -0.3

8 20.7 212 2318 -159 296.8 0,0

9 224 23:1 348.4 -23.5 421.2 -0.1
10 232 244 430.3 -379 497.5 -0.1
11 236 254 458.6 -60.3 529.6 0.1
12 240 26.1 4945 -7119 580.0 0.0
13 238 270 486.9 -110.8 5922 -0.1
14 234 272 439.8 -131.7 557.1 -0.2
15 229 274 375.0 -157.0 5159 0.0
16 226 274 301.6 -169.9 458.8 0.0
17 21.1 26.6 194.2 -194.0 342.0 09
18 20.5 26.0 105.4 -184.2 273.3 0.6
19 189 243 8.6 -161.0 138.7 0.7

The best fitting case

7 16.7 17.8 1222 -443 2222 -1.3

8 19.7 19.6 283.0 48 356.5 -1.1

9 216 218 416.4 -8.0 481.0 -0.6
10 21.8 226 4277 278 461.0 -0.3
11 228 234 488.1 -18.8 537.6 -0.8
12 214 244 460.6 -99.3 518.0 -0.3
13 216 24.7 4427 -105.2 555.1 -0.6
14 215 253 386.4 -1239 507.9 -0.6
15 19.0 243 208.9 -159.5 3133 0.8
16 189 236 2349 -194.3 425.1 0.6
17 17.8 234 88.0 -166.2 2329 19
18 18.6 229 167.3 -169.5 358.4 0.3
19 16.2 157 40.2 -188.2 183.7 0.7

The worst fitting case

7 21.2 236 121.4 -87.2 250.5 0.5

8 219 243 248.5 -93.5 369.5 1.7

9 230 252 366.4 -84.3 490.8 26
10 252 270 495.5 -68.3 667.2 1.9
11 252 28.3 5554 -107.5 676.8 3.0
12 26.3 29.8 587.5 -149.9 781.8 25
13 276 31.8 585.9 -175.7 830.9 13
14 26.7 323 561.3 -2499 758.0 2.0
15 26.7 329 4829 -278.1 766.3 1.2
16 255 328 359.7 -330.2 620.1 21
17 244 321 2435 -3214 5148 3.0
18 222 30.6 97.7 -3455 353.5 45
19 20.8 29.0 T2 -243.1 ’ 220.3 4.6

t — time (hour), T¢, - calculated surface temperature, °C, Ta — air temperature, °C, Rnc - radiation balance,
Wm™“, Hc - sensible heat flux, Wm ™, LE - latent heat flux, Wm “, TCmes—TcCcal —
difference between measured and calculated surface temperature, °C
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Table I shows the average of the daily results, the best and the worst case. Fig./
illustrates the measured and the calculated surface temperature on three successive days.

26 T T T 35 T T T T T T

| —— measured
----- calculated|

Temperature [°C]

Fig. 1

Temporal run of surface

48 72 tempera-ture (°C), sunflower,
grown in lysimeter, on three
consecutive days, Szarvas 1988

Time [hour]

—— lysimeter, measured |
- inverse method
——- model n

12

/A\
\

o

e, < Fig. 2

& Comparison of daily evas)otransA
e ] piration values (mmday ™) on
11 Ll T o cloudless days, 22 days chosen
from 16 th June - 3th August 1988
period

=)}

Evapo-transpiration, daily sum [mm)]

Time [day]

Fig.2 shows the daily evapotranspiration rate in mmday-1 units calculated by the model as
compared to data, measured in the lysimeter and data calculated by Szabd’s (1988) inverse
method.

3. Conclusion

The accuracy of the model was investigated only in the case of well-watered stand.
The calculated values fit to the measured one well except for a few time steps as shown in
Table I. The model reproduces the daily course of surface temperature well. The reason for
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for this is that the principal term in the model is the radiation balance. The basic uncertainty
factor of the model is that the surface temperature is calculated as a relatively small remainder
term after subtracting the latent and sensible heat flux. This leads to the appearance of some
instability (oscillations) in the cxalculated values. The other reason is the relatively high time
step.During the quick change of incoming radiation the one-hour-time-step integrates a too
long time and it would be better to use a smaller time-step. The aerodynamic resistance was
supposed to be proportional to the square root of wind speed. This condition is true only at
near neutral atmospheric stability conditions. This simplification was not true on days when
the differences between calculated and measured value were too high. The model proved to
be insensitive to the so called surface heat capacity. Varying its value between wide limits
the calculated surface temperature shows only a small variation. The situation is similar for
the initial surface temperature too. After a few hours the difference is small and the model
follows the course of the skin temperature. Only one series of experiments was executed
using the simplified model but it was found that the model reproduced the time series of
latent and sensible heat fluxes and surface temperature fairly well compared with the
available data.
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Instabilitasi vonal regionalis ciklonban"

Bodolainé Jakus E.
Kozponti Elérejelzé Intézet H-1675 Budapest, P. O. Box 32.

Tanczer T.
Orszdgos Meteorologiai Szolgdlat Szamitékozpont H—1675 Budapest, P. O. Box 32.

A tanulminy egy kvazi-stacionérius, leszakadt hideg légcsepp keleti meleg oldalan kialakult
peremhaborgésban vizsgélja egy intenziv, heves szélviharokat okozoé instabililasi vonal mezolép-
tékii szervezédését és kialakulasanak feltételeit. A nedves izentropikus analizisek szerint a vonal
kialakulasaban a meredeken emelkedd, konvektiven instabilis 1égrétegzédésii meleg, nedves szal-
litoszalag és a domborzat jatssza a donté szerepet.

*

Instability line in a regional cyclone. In the study conditions of forming and meso-scale
organizing of a squall-line, developing on the east warm side of a cold cut-off low, are investigated.
In the development of the squall line the convective instability in the warm moist conveyor belt
and the influence of the orography play a decisive role as it is indicated by the moist isentropic
charts.

Bevezetés

A digitélisan kiértékelt radar €s infravoros miholdképek széleskort felhaszndldsa a
mezoléptéki konvektiv idG jardsi rendszerek tanulmanyozdsdban eddig nem ismert tulajdon-
sdgaikra €s a szervezGdésiik sajatos formdira deritett fényt. A 80-as években a csapadék
rendszerek és konvektiv viharok tobb uj elvi modelljét alkottdk meg, amelyeket legutébb
Browning (1985) foglalt 6ssze. Mds szerzok, példdul Carlson et al. (1983) nagy fontossdgot
tulajdonitanak a foldrajzi régionak bizonyos tipusd konvektiv rendszerek €s azok kialakuld-
sdt megel6z6 helyzetek 1étrejottében. Az emlitett szerzOk a regiondlis folyamatok tanul-
mdnyozdsdnak elérejelzési értéket is tulajdonitanak, mert szerintilk adott szinoptikus
1éptékii dramldsra a régic azonos médon vélaszol. A Kdrpdt-medence mezoléptéki konyektiv
id6jardsi rendszereinek 1étre jottében igen nagy szerepe van a Foldkozi-tengernek, az Eszak-
Adria térségének €s az Alpok délkeleti hegyvonulatainak, amit hazai tanulmédnyok bizo-
nyitanak (Bodolai I. et al., 1967; Bodolainé Jakus €s Vissy, 1988).

E dolgozat egy hideg 1égcsepp peremén képz6dott peremhdborgdsban vizsgdl, egy
sajdtos médon vonalba rendezett konvektiv rendszert — instabilitdsi vonalat —, amelyet
szélviharok kisértek a Dundntil térségében.

* A kutatast a Magyar Tudomanyos Akadémia timogatta
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1. A vizsgdlat modszerei

A bevezetében emlitett konvektiv rendszer vizsgdlatdt a megfigyelésekkel nyujtott
adatbdzis hatdrozta meg. A szinoptikus 1€ptéki folyamatokat, a talajkozeli szinoptikus €s
nyomdstopogréfiai térképeken kiviil, pszeudo-nedves izentropikus feliileteken, valamint a
pszeudo-nedves potencidlis h6mérséklet tér-id6 vertikdlis metszetein tanulmédnyoztuk.

A mezoléptékii folyamatok nyomonkévetésére a magyarorszagi 6rankénti szinopti-
kus térképek, a Fuess-féle szélregisztrdtumok feldolgozdsdbdl szdrmaz6 izochron és izota-
cha analizisek, valamint 6rdnkénti radaradatok €és infravoros miholdképek nyujtottak
lehet6séget. A radaradatok hdrom 4llomdsrdl (Szentgotthdrd/Farkasfa, Budapest/Ferihegy
és Nyiregyhdza/Napkor) 4lltak rendelkezésre. Az adatokat 20 x 20 kmZ2-es négyzetekre
manudlisan digitaliz4ljék és azokhoz csapadékintenzitds értékeket (mm/6) rendelnek hozz4.
A miiholdas adatbdzist a METEOSAT-2 geostaciondrius miiholdrdl vett analég IR felvételek
képezték. Ezeket digitaliz4ldssal mennyiségi értékelésre teszik alkalmassd. Az adatokbdl
felh6tetd homérsékleteket dllitottunk elé a Pintér €s Tdnczer (1987) dltal kifejlesztett
kalibrécids eljdrds segitségével.

2. A szinoptikus helyzet

Magyaorszdg id6jardsat 1987. méjus 3-6 kozott a Genovai-6bol, és Eszak-Olasz-
orszdg folott orvényld kvéazi-staciondrius ciklon, illetve annak regiondlis peremhdborgdsai
irdnyitottdk. A sz6banforgé ciklonnak €s frontjainak talajkozeli helyzetét 1987. md jus 4-én
18 UTC 6rakor az 1.dbra mutatja. Ez a talajkozeli hdborgds sorozat egy hideg 1égcsepp

22 po g
&
Z 1020
1035 s
1005
A 10075
1030
A talajkizeli szi ﬁkusi{‘libmt: b g
a ﬂj 0Ze! lSZanp [ yze o - =
1987. majus 4-¢n 18 UTC 6rakor 1020 1015 1015

keleti peremén képzGdott, amit a 2. dbrdn feltiintetett ©,, = 12°C-0s nedves izentropikus
feliilet nyom4si mezeje bizonyit. Ez a hideg 1égcsepp a leszakadt hideg 6rvény (cut-off low)
tipikus esete, amely perzisztens feltételt biztosit keleti melegoldali peremhdborgadsok kiala-
kuldsdhoz. Ebben a szinoptikus helyzetben, mindvégig a peremhdborgés keleti meleg oldaldn
maradva, mdjus 3-dn 14 6rdt6l 6-4n 22 6rdig kiillonbozé erdsségli €s szervezodésii konvektiv
rendszerek jottek 1étre Magyarorszdg teriiletén. Ezek koziil legfontosabb az a heves szélvi-
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harokkal és jégesdvel is kisért instabilitdsi vonal volt, amely méjus 4-€n haladt 4t a Dundn-
tilon. Az instabilitdsi vonal 4tvonuldsdnak izochronjait €s a kifut6 szél maximdlis sz€l116ké-

o \
)
v 550
19 500
550 850
500
Cp
450
10 I
) \
400 \\
| 28
450
i 500
(4
° 550600

\EOZQ/.[&‘J

2. dbra:

A Ow = 12°C pszeudo-nedves
izentrop feliilet 1987. majus 4-én
12 UTC orakor. A vékony vonal a
kihullhaté vizmennyiség mm-ben.
A szaggatott nyil a meleg nedves
szallito szalagot jeloli

3. dbra:

Az 1987. majus 4-¢n atvonult insta-
bilitasi vonal izochronjai (vastag
vonal), a maximalis széllokések
izotahai (vékony vonal) és a tartos
csapadék hatara (szaggatott vonal)

seinek izotachdit a 3. dbra szemlélteti. Az dbrdn elhatdroltuk azt a teriiletet, ahol majus 4-én
az instabilitdsi vonal megjelenéséig, 00-15 UTC kozott folytonosan, illetve csak kisebb
megszakitdsokkal csapadéktevékenység (esd, zdpor) fordult eld.

3. Az instabilitdsi vonal fejlédésének mezoléptékii analizise

Az €l6z6 pontban vazolt szinoptikus helyzetet a hazai szinoptikus irodalom €s az
eldrejelzd gyakorlat sem tartja szdmon heves viharokat okoz6 helyzetként. Els6 kozelitésben
tartds csapadéktevékenység rendelheté hozzd, féleg a Dundntiil térségében. Ezt mutatja a

3. dbrdn jelzett csapadéktevékenység teriilete is.
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A szentgotthdrdi 6rdnkénti radar megfigyelések 4-€n 00 UTC 6rdt6l tobb-cellds,
véltakozd kiterjedési csapadék tomboket mutatnak a Dundntil, Kelet-Ausztria és Horvator-
szdg teriiletén. Kisebb tér-idé6 méretii csapadékos objektumok azonban a Dundtdl keletre
1€ve teriileteken is észlelhetdk. A felhGtetd magassdgok azonban 14 6rdig sehol sem halad jak
meg a 4-6000 m-t, és csak egy-egy celldban észlelnek zdport.

A csapadék-celldk vonalld rendezédésének folyamatat a 4a; b; c; d. dbra szemlél-
teti. A 4a. dbrdn 13 UTC 6rakor megfigyelt csapadékos teriilet Kelet-Ausztria feletti része

d)i—" B16 % P o)

4. dbra:
A radarral becsiilt csapadékintenzitas eloszlasa 1987. majus 4-én a) 13, b) 14,¢) 16 és d) 17 UTC orakor.
Az izovonalaknal a csapadékintenzitas kodszamai:
1~0,15-0,35,2~035-08,3~ 0,8-2,0,4~2,0-7,6,5~4,6-11,0,6 ~ 11,0 - 26,0 mm/érat jelentenck

egységesen kis intenzitdsu (0,2-0,8 mm/0), de felhével teljesen boritott teriilet. A Pohor je-
€s Bilo-hegység vonulata folott azonban egy elliptikusan elnylt, nagyobb intenzitdsi
(2 mm/6), A-val jelolt csapadékcella analizdlhat6, amely a Papuk-hegység irdnydban egy
mdsodik, bar kevésbé intenziv celldval (B jelii) folytatédik. Ez a mésodik cella a 4b. dbrdn
lathatéan intenzifikdlédik, mikozben kisebb csapadékos teriiletek a Dundntil koz€psé része-
in is €szlelhetdk. A 4c; d. dbrdn mdr az A- és B-celldkbol osszekapcsolddott €s vonalba
rendezett konvektiv objektum azonosithatd.

A talajkozeli szinoptikus térképen €s a mezoszinoptikus térképen az instabilitasi
vonalat a szélfordulds, az erds kifuté szél €s a légnyomdsi tendencia zérus vonala jeléli ki. A
légnyomdsi mezd nem adaptédldédik ehhez az instabilitdsi vonalhoz, szemben a klasszikusnak
nevezhetd instabilitdsi vonalakkal, amelyeknél a vonal a hideg fronttal pirhuzamosan nyo-
mdsi teknékben taldlhat6, mogotte a zivataros magas nyomdsnak megfeleld nyomdsi gerinc-
cel. A talajkozeli helyzetrél 18 UTC 6rakor az 1. dbra ad ttekintést.
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A vonalba rendezett mezoléptéki konvektiv rendszer teljes kiter jedését, szerkeze-
tét a METEOSAT-2 IR kép felhéteté hémérséklet eloszldsa mutatja legdtfogébban. Az
instabilit4si vonal 18 UTC 6rakor az 5. dbrdn lithatéan csaknem merdlegesen helyezkedett

5. dbra:

A felhéteté homérséklet eloszlasa a
METEOSAT-2 IR miiholdképek
alapjan 1987. majus 4-¢n 18 UTC
orakor

el a talajkozeli fronthoz képest, €s NNW irdnyban halad 4t a Dundntil térségén, mikdzben
Ausztria keleti részére is kiter jedt. A vonalnak a Dundtél keletre esé része —a 6. dbrdn ldthaté

e Bil6 E 18 A
NHASLE — il 58 , el
7 <3 = -
4] ; N
3‘//N . ; ..\'.
: o
2
-
2 7 8 J 6. dbra:
\K\% A radarral becsiilt csapadékintenzitas

eloszlasa 1987. majus 4-én 18 UTC orakor

radarral becsiilt csapadékintenzitds eloszldsa szerint — gyengébb, mint a Dundntuil k6z€psé
részén. A maximdlis csapadékintenzitds és a leghidegebb felhGteté hémérséklet gécai a
legintenzivebb celldk helyét és a maximdlis sz€llokések teriileteit is kijelolik.

4. Az instabilitdsi vonal kialakuldsdnak feltételei
Az instabilitdsi vonal kialakuldsdt meghatdrozé szinoptikus folyamatokrél a pszeu-

do-nedves izentropikus analizis nydjt dttekintést. A 2. dbra a ©,, = 12°C-os izentrop feliilet
izobdrmezejét €s a potencidlisan kihullhaté vizmennyiség izoplétdit mutatja be 1987. majus

182



4-¢n 12 UTC drakor. Tekintettel a kvdzi-staciondrius hideg 1égcseppre, az dramvonalak
kozelitéssel trajektoridknak tekinthetdk, €s ezekbdl kijelolhetd egy meleg nedves szallito-
szalag, amely SSE irdnybol meredeken emelkedik a horvatorszdgi Papuk-, Medvednica- és
Ivanscica-hegység, valamint a szlovéniai Alpok délkeleti vonulatai (Kamni Alpok, Pohorje,
stb.) irdny4ba, mik6zben ez utdbbi térség felett taldlhat6 peremhdborgés folé helyezddik. Az
instabilitdsi vonal a széllit6szalag 4ltal érintett hegységek mentén alakult ki.

A szdllitészalagban a légrétegzédés konvektive instabilis volt (de,,/dz <0). Ezt a
pszeudo-nedves potencidlis h6mérséklet Mildano-Ungvar kozotti, kozelit6leg SSW-ENE iréd-
nyu vertikdlis metszetén a Budapest-Zagrab kozotti szakasz bizonyitja (7. dbra.) A konvektiv

hPa
300 e %

>

q

600

7. dbra:

A pszeudo-nedves potencidlis hémérséklet (Ow) 950
térbeli vertikalis metszete 1987. majus 4-én 12UTC 1000
orakor (KIT: a konvektiv instabil réteg teteje) 16080 16045 13130 12843 3363113

instabilis réteg also hatdra 1000 hPa-on van, fels6 hatdra meredeken emelkedik 850 hPa-rol
600 hPa-ra. A metszet nyugati részén a hideg 1égcseppet koriilzdré pszeudo-nedves poten-
cidlis hémérséklet izoplétdi szintén €lesen emelkednek 400 hPa folé.

A konvektiv folyamat alakuldsdr6l a Budapesten végzett radiészondds felszalldsok-
bél szdmitott pszeudo-nedves potencidlis hdmérséklet idobeli vertikdlis metszete is jo dtte-
kintést nyudjt (8. dbra). Szembetiing, hogy az instabilitdsi vonal dtvonuldsdnak idGszakdban
(4-€én 12-18 UTC-ig) a 1égrétegz6dés a talajtol 650 hPa-ig konvektive instabilis. A zivatar-
tevékenység utdn, a parolgdsi hoveszteség nyoman a pszeudo-nedves potencidlis hGmérséklet
csokken, az izoplétdk siillyednek. Tovdbbi zivatarok 5-€n 20 és 6-dn 06 UTC kozott akkor
jelentkeznek, amikor egy viszonylag vastag konvektiv instabilis réteg alakul ki, amelynek
alapja 950 hPa-r6l emelkedik 820 hPa-ig, majd siillyed 850 hPa-ra, mikozben a réteg teteje
legnagyobb magassdgat 600 hPa-t 6-4n 00 UTC érakor éri el. A legtobb zivatar is ebben az
idében fordult el6, azonban ezeket médr nem kisérte szélvihar.
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M4s irdnyi vizsgdlatok is rdimutatnak, hogy a legintenzivebb zivatarok akkor for-
dulnak eld, ha a konvektiv instabilis réteg alsé hatdra 1000 hPa, és 4tfogja az egész alsé
troposzférat.
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L4 _._.13_.¥<75_ (KIA: a konvektiv instabilis réteg

706 610 5-18 512506 5,00 4,18 4,12 4,06 4,00 3,18 3.12|  alapja)

A konvektiv instabilitds felszabaditdsdban esetiinkben a domborzat dont6 szerepet
jatszott. Az intenziv celldk a horvdtorszdgi hegységek €s az Alpok délkeleti vonulatai
mentén alakultak ki. A cirkuldcids gyorsulds nem jarult hozzd az instabilitds felszabaduldsa-
hoz. Ezt Meszlényi és Tinczer (1988) dolgozatdbdl is lathatjuk: a 9. dbra tanisdga szerint a

9. abra:

A cirkulacios gyorsulas eloszlasa a
850 hPa-os szinten 0,5 - 10752
egységben. 1987. majus 4-én

X 12 UTC érakor.

(Meszlényi és Tdnczer, 1988 szerint)

cirkuldciés gyorsulds mdjus 4-€n 13 UTC-re szdmitott eloszldsa az instabilitdsi vonal kiala-
kuldsdnak térségében kedvezdétlen feltételt jelentett, a frontélis cirkuldcid leépiilését eredmé-
nyezte. Ezzel szemben az 5. dbrdn is ldthat6an az Ausztria-Csehszlovédkia felé irdnyul6
hideg front térségében a cirkuldcids gyorsulds pozitiv, amit a -32°-0s felhGteté hémérsékle-
tek eloszldsa és a vele kapcsolatos csapadék aktivitds is megerdsit.
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5. Kovetkeztetések

Az esettanulmdnybdl ad6dé kovetkeztetések az aldbbiakban foglalhatok dssze:

1. A Genovai-6bol, Dél-Franciaorszdg és a P6-siksdg nyugati része folott elhelyez-
ked6 kvdzi-staciondrius, leszakadt hideg légcsepp keleti meleg oldala kedvezd feltételt
biztositott a peremhdborgédsok fennmaraddsdhoz.

2. Az Alpok délkeleti lejt6i mentén kialakult peremhdborgds centrdlis része folé
meredeken emelkedd konvektive instabilis rétegzédési, nedves meleg sz4llité szalagban a
domborzat kedvezé konfigurdciGja folytdn a konvektiv instabilitds vonalba rendezetten

szabadult fel.

3. A konvektiv instabilitds felszabaditdsdban a cirkuldcids gyorsulds a jelen esetben

nem jatszott szerepet.

4. Az instabilitdsi vonalat alkoté mezoléptéki konvektiv celldk a domborzat legki-
emelkeddbb régidiban alakultak ki és identitdsukat az 6sszeolvaddsi folyamat sordn vonalba

rendezetten is megérizték.

5. A maximdlis csapadékintenzitds €s a leghidegebb felhdtet6 hémérséklet gdcai
kijelolték az instabilitdsi vonalat alkoté legintenzivebb celldk helyét €s ezzel az érintett
teriileten a vonal dtvonuldsat kiséro legveszélyesebb id6jardsi jelenségek (sz€lvihar, jégeso,

stb) helyét is.
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IDOJARAS

Az Orszagos Meteorologiai Szolgalat folyoirata. 95. évf. 4. szam, 1991. jilius-augusztus
Journal of the Hungarian Meteorological Service, Vol. 95 No. 4 July-August 1991

Radioaktiv anyagok nagy tavolsagu terjedése

Gyenes Lajos
Kozponti Légkorfizikai Intézet H-1675 Budapest, Pf. 39.

Az 1986. aprilis 26-an bekovetkezett csernobili baleset, amely Eurépaban veszélyes
szennyezettséget okozott, ravilagitott a radioaktiv anyagok terjedési vizsgalatanak fontossagara.
Az alabbiakban ismertetésre keriil egy nagy tavolsagu vizsgalatra alkalmas modell. Ez a forras
kozelkorzetére érvényes Gauss-tipusa szubmodellbdl és a tavolkorzetre alkalmazhato szegmentalt
trajektoria szubmodellbdl tevodik Gssze. Bemutatasra keriilnek a csernobili adatbazis felhaszna-
lasaval szamitott "~/ és ~ Cs koncentracio és felszini iilepedési értékek egy kivalasztott
trajektoria mentén. Budapesti izotop mérések felhasznalasaval 6sszehasonlitasra keriiltek napi
szamitott és mért koncentracio, illetve iilepedési értékek, Magyarorszigra vonatkozban. Az
eredmények hasznos informacidkat szolgaltathatnak egy komplex dontési modell kidolgozasahoz.

*

Investigation of long range transport of radioisotopes in the atmosphere. The Chernobyl
accident occurred on April 26, 1986 produced dangerous contamination in Europe. This event
pointed out the importance of the investigation of the long range transport of radioactive products.
A model describing radionuclide transport on regional and continental scales is presented in this
study. The model consist of a Gauss-type submodel to simulate the dispersion in the vicinity of
the source and a segmented trajectory submodel applicable in distant areas. Concentrations and
depositions of I and Cs calculated along a selected trajectory are presented using the
Chernobyl data base. Applying the results of isotope measurements in Budapest, the calculated
and measured daily concentration and deposition values are compared. The results will provide
useful information for a more complex decision model.

Bevezetés

Napjainkban egyre bdviil azoknak a szennyezGanyagoknak a kore, amelyek a 1ég-
korbe jutva az emberiségre nézve kozvetleniil vagy kozvetve veszélyt jelentenek. Ilyen
anyagoknak tekinthetdk a radioaktiv izotépok. Normdl koriilmények kozott ugyan az atom-
erémivekbdl nem keriilhet ki jelentésebb mennyiségii radioaktiv anyag, balesetek azonban
el6fordulhatnak. Sajndlatos moédon ezt a megdllapitdst igazolja a csernobili baleset is. A
radioaktiv anyagok a cirkuldciés rendszer hatdsdra a Fold barmely pontjdra eljuthatnak, a
1€gkor széles rétegeiben szétszorddhatnak €s a felezési id6tdl, meteoroldgiai viszonyoktdl
fliggden hosszi ideig is a 1égkorben tartézkodhatnak. Sziikség van tehdt olyan modellre,
amely nyomon koveti ezeknek az anyagoknak a terjedését, szorodasat, leirja az alapvetod
kikeriilési folyamatokat €s meghatdrozza egy adott hely szennyezettségi szintjét, mégpedig
folyamatosan rendelkezésre 4ll6, konnyen hozzdférheté meteoroldgiai €s egyéb adatok
felhaszndldsa 1t jdn.

A célunk az volt, hogy szdmos folyamatot leegyszerisitve olyan modellt hozzunk
létre, amelynek input adatigénye nem haladja meg a jelenleg operative rendelkezésre 4116
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adatbdzist, dltaldnos feltételek esetére azonban kozelité becslést ad pontforrdsbdl kikeriild
szennyezOanyag teriileti €s idobeli koncentrdcio- €s depozicié-eloszldsdra vonatkozolag.

1. A modell felépitése

Szdmitdsainkhoz trajektériamodellt alkalmaztunk. Az alkalmazott rdcsrendszer
Eurdpa térségére vonatkozdan 18x15 rdcspontot tartalmaz. A rdcspontok tdvolsdga a 600
szélességi koron 300 km, y tengelyének irdnyitdsa pedig parhuzamos a 13© hosszisdgi
korrel. A trajektéridk szamitdsa a meteoroldgiai viszonyoktol fiiggden, kétféle mddon torté-
nik.

A vizsgdlatok szerint lokdlis, regiondlis, illetve kontinentdlis Iéptékben mds-mds
modell alkalmazdsa célszeri. Ennek oka, hogy a forrdsbol kikeriilé szennyezdanyagfelhd
alakja, kiter jedése, valamint fizikai paraméterei a transzport sordn véltoznak. Lokdlis Iépték-
ben, azaz a forrds néhdnyszor 10 km sugari kornyezetében az empirikus Gton levezetett,
Gauss-tipusi modellek normdl meteoroldgiai koriilmények kozott valosaghi koncentracioe-
loszldst szolgdltatnak (Machta, 1979). A tdvolsdg novekedésével azonban a valdsdgos €s
szamitott koncentrdcioértékek kozotti kiilonbség egyre inkdbb né. A forrdstol tdvoli korze-
tekre szegmentdlt trajektériamodellt haszndltunk, amely mellett egyszeri felépitése €s
viszonylag kis adatigénye sz6lt. Ez a modell azonban a forrds koriili teriletre ad torz
eredményeket. Célszerlinek mutatkozott tehdt, hogy a forrds koriili 800-1500 km sugaru
teriilet szennyezettségi szintjét a ketté kombindldsaval sziiletett hibrid modell segitségével
irjuk le. Hasonl6 modellek kiilf6ldon mar eddig is 1éteztek (ApSimon et al., 1980; ApSimon
és Wilson, 1986; ApSimon, 1985). Ezért a vizsgdlat sordn egy kozel- €s egy tdvolkorzetet
definidltunk, amelyekben kiilonbozé egyenleteket haszndltunk a diffuzids folyamatok leira-
sdra.

Kozelkorzet

A forrds kornyezetének koncentracio eloszldsdra a kovetkez6 Gauss-tipusi egyen-
letet alkalmaztuk, (1), amely szektordtlagolt koncentrdcié szdmitdsdra alkalmazott formula
(Fekete et al., 1983) kikeriilési €s dtalakuldsi vdltozata:

2
20b 1(H, X[ 0,693 vy
Cijt =7cxpl——[——e =20 LN T }'a»OAS n
' 27X, | -2 o, u = -D,
2w o, u
n
ahol:
Ciju - az(ij) racspontban a t idGintervallumra vonatkozo atlagos felszinkozeli koncentracio,
(Bg/m™).
Q - emisszio, (Bq/s),
b - korrekcios tényezo, a stabilitas és a tavolsag fiiggvénye;
oz - fiiggdleges turbulens sz6rodasi egyiitthato, (m);
u - a vizsgalt idGintervallumban, a forras kornyezetére jellemzé atlagoss szClscbesség, (m/s);
Xo - a szamitasi pont és a forras k6zoti tavolsag, (m);
n - a szélnyiras hatasat magaba foglalo korrckcios tényez6, amely empirikus Gton lett
meghatarozva:
360 | 72, ha Iesso = erl 50
n=———— n=" 5 2)
|©g50 - ©fl | 10, ha |50 - ©f| 36

©850, Or — a 850 hPa-os szinten, illctve a felszinen a sz€l iranya, fok;
He - akibocsatas effektiv magassaga, (m);

T - a vizsgalt radioaktiv izotop felezési ideje, (s);

Va - szaraz iilepedési sebesség, (m/s);
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Da - afaklya atlagos vertikalis kiter jedése, (m);

IN - a vizsgalt anyagra jellemzé kimosodasi egyiitthat6, I/s (6ra/mm);
P - a csapad¢k atlagos intenzitasa a kozelkorzeten beliil, (mm/ora);
ta - az atlagolasi idGszakra vonatkozo korrekcios tényezd;

a - empirikus Gton meghatarozott atalakulasi egyiitthato, (Us).

A trajektoria mentén az a forrdstol vett maximadlis tdvolsdg, ameddig a fenti egyen-
letet érvényesnek fogajuk el, 60 km. Ezen a tdvolsdgon beliil a koncentracideloszldst addig
a pontig irjuk le az (1) egyenlettel, ameddig a féklya teteje, (H, + 1.25 o, el nem éri a forrds
kornyezetére €s az adott idészakra jellemz6 maximalis keveredési magassdgot. A faklya
tengelyére merdleges metszetet tekintve, horizontdlis irdnyban homogén eloszldst tételeziink
fel, a koncentrdcio azonban a szoroddasi szektor nagysdgatol, azaz kozvetve a faklydt tartal-
mazo légréteg sz€lnyirdsatdl, valamint a 1égkor stabilitdsatol egyardnt fiigg.

Tavolkorzet

A szamitdsok a trajektoridk menti szegmensekre, illetve rdcspontokra torténnek. A
szegmensek végpontjai Lagrange-i médon advektdlddnak és minden szegmens az egymadst
kovetd idéperiédusok kozott a faklya egy-egy szakaszdnak viselkedését irjale (WM O, 1979).
A modell kvdzi kétszintes. Az also szint felsd hatdra egybeesik az aktudlis id6lépcsdbeli
maximdlis keveredési magassdg trajektoriaszegmensen beliili dtlagdval. Ebben az also réteg-
ben homogén koncentrdcioeloszlast tételeztiink fel. A vizsgdlt réteg felsé hatarat 2500
m-nek vettiik. A 2500 m €s az alsé szint felsé hatdra kozotti 1égréteget 50 m vastag stabil
rétegekre osztottuk, amelyek szdamitdstechnikailag kiilon-kiilon kezelhetdk, €s benniik ho-
mogén az eloszlds. Egy adott trajektoriaszegmens mentén figyelembe vett stabil rétegek
szama:

W = (2500 - H; jx)/50 3)

ahol:
Hijk - azaktualis maximalis keveredési magassag.

A trajektéria modell kiinduldsi koncentrdcigjat a Gauss-modell dltal a két korzet
hatdrdra szamitott értékek vertikdlisan integrdlt dtlaga adja meg. A modellben a horizontdlis
irdny diszperziét empirikus dton kozelitjilk, mégpedig Ggy, hogy a horizontdlis sz6réddsi
szektor szélessége az ido fiiggvényében vdltozik. A kiinduldsi szektorszélesség:

Yo = (2mwxy)n 4)

A trajektoria modell kezdetétdl a szektor szélessége linedrisan novekszik és a
kovetkezd egyenlettel adhaté meg:

yi=125(-15) + Yo : 5)
ahol:

Y - a szektor szélessége az [ trajektoriaszakasz végpontjaban, (m);

n - a trajektoria indulasatol az adott pontba érkezéséig eltelt idd, (s);

to - az ¢az id6tartam, amely alatt a radioaktiv felhé a két korzet hatarpontjaba érkezik, (s).

A szélirdnyud horizontdlis diszperzié elhanyagolhatd, hiszen az az advekcidhoz
képest kicsi. Altaldnos esetben egy szegmens végpontjaban a felszini koncentracié a kikerii-
1ési folyamatokon €s a szektor szélességén tiil, az aktudlis €s az azt megel6z6 szegmens menti
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keveredési magassagtol, ezdltal pedig a stabil rétegek szamdtdl is fiigg. A legalsé rétegekben
a koncentrdcié Henmi (1979) alapjdn, a kovetkez6 mddon keriil kiszdmit4sra:

y-1 0,693 v,
Cio= Cx—l— exp{—l b i )\Plo's +a]t}

N T H,
©
CGoot 2 Goym haH | <H
Cy=
C_10 haH,_; = H,

ahol:
Clo - azltrajektoriaszegmens végpontjiban az also rétegbeli atlagkoncentracio, (Bq/m"');
Cim - a Hi-1 és H magassagi szintek kazotti (m) stabil rétegben az atlagkoncentracio, (Bqg/m™);

H - a trajektériaszegmens mentén az atlagos keveredési magassag, (m);
t - a trajektoriaszegmensre vonatkoz6 atlagolasi idg, (s);
P - a szegmensre atlagolt csapadékintenzitas, (mm/ora).

A kapcsos zdrGjelen beliil az els6 tag a radioaktiv bomdst, a mdsodik a szdraz
lilepedést, a harmadik a csapadék dltali kimos6ddst, mig az utols6 az 4talakuldsokat reprez-
entdlja. A stabil rétegekre vonatkoz6 egyenlet:

Yi- 0,693
Cim =Cxl_l exp{—l +)\110'8| +a z}
|
@
o {CI—I,O ha H <hy, <H)_
o ha hy, >H, és hy, >H,_,
Cim= Cio ha Hy_y <hy, <H,
ahol:
Cim - az! trajektoriaszegmens végpontjaban, az (m), stabil rétegben az atlagkoncentracio,
(Bg/m”);
hm - azm stabil réteg magassaga, (m).

Amennyiben az aktudlis szegmens mentén a kevert réteg magasabb, mint az el6z6
szegmens mentén, dgy a két fels6 hatdr kozotti stabil rétegekbdl szennyezdanyag keveredik
az alsébb rétegbe.

Forditott kevert réteg elrendezGdés esetén az alsé homogén eloszldsu rétegbdl keriil
a magasabb régidkba szennyezGanyag, tgy, hogy a felszinkozeli rétegektdl izoldlodik.
Ezdltal egy nem egyenletes vertikdlis koncentraci6 profil jon 1étre, amely kozvetett médon
tartalmazza a f6ld-1égkor rendszer héhdztartdsdban rejl6 ingadozdsokat. A modellben kisz4-
mitdsra keriil a szdraz iilepedés, illetve a csapadék dltali kimosédds 1t jan a felszinre iilepedett
radioaktiv anyag mennyisége is. A racspontbeli koncentrdci6 €s az iilepedési sebesség
ismeretében a kdvetkezé médon szdmithatd ki a szdraz iilepedés ttjan, egy adott helyen a
felszinre keriilt szennyezGanyag:

Dyt = Cijwva (8)

ahol: £
Dszjj - az (i, j) racspontban szaraz iilepedés Gtjan a felszinre keriilt radioaktiv anyag, (Bqlmss);
Cijx -az(, -’2 racspontban, a t idGintervallumban a felszinkozeli rétegbeli atlagkoncentracio,

(Bg/m”).
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A nedves iilepedés mértéke:
Dy jje = )‘Po'si,j,t H;jx (Cije+ ﬁ Cijt-m) (C))

ahol:
Dnjji - az (i, j) raicspontban, nedves iilepedés utjan a felszinre keriilt radioaktiv anyag, (Bq/mss);
Cijtm —az(, j; racspontban, a (t) idéintervallumban, az (m) stabil rétegbeli atlagkoncentracio,
(Bg/m~);
Piji —az (i, j) racspontban a csapadék intenzitasa;
Hijx -az (i, j) racspontban az adott k honapra vonatkoz6 klimatologiai atlagos keveredési
magassag.

A csapadék éltali kimosdddsndl feltételezziik, hogy az dltalunk vizsgdlt teljes 1€g-
oszlop a felhdzet alatt helyezkedik el. A modell mikodési sémdja az . dbrdn lithato.

(©r, Upky 136 l:ﬁ(.li'()szondézé allomas Pyj-G.J) ricspontban a t idGinterval-
felszini és 850 hPa-os lumban 6 6rés csapadékatlag
szélirany,

(0850, Ugso)k,) szélsebesség adatai Hijx -G, ) racspontl{an k honaPr.a .

(Xo» Yo) - a forras koordinatai vonatkoz6 klimatologiai

atlag keveredési magassag

l

Az advekci6 szimulalasa: - l
aCc aC aC Az egyes trajektoriaszakaszokra vonatkozo
g T T g atlagértékek eldallitasa
S sz e R=R @, 0,7,
2 dimenzios trajektoriak szamitasa (‘i' o tar)l() skodasi idé
L Ar - atlagolasi idGtartam
—— r - érintett racsnégyzetek
(X, Vo1 =20 id6pontban inditott trajekto- i szdma
ria 1. szakaszbeli végpontja- L
nak koordinataja
Py -1 idépontban inditott trajekto-
Uio1 —az 1. trajektoria szakaszra ria 1. szakaszara vonatkozo
jellemz6 atlagos szélsebesség csapadékatlag
Hy, - az 1. szakaszra vonatkozo
atlagos keveredési
magassag

forras és kibocsatasi paraméterek a forras kornyezetére jellemzé mete-
orologiai adatok
kikeriilési — atalakulasi — bomlasi egyiitthatok
v
A koncentraci6 szamitasa a trajektoridk mentén.
|| A diffdzi6 a kikeriilési és az atalakuldsi mechanizmusok szimuldlasa
1) kozel korzet: Gauss tipusi modell
2) tavol korzet: forras orientalt szegmentalt trajektéria modell

¥
Ciga—G@GJ) racspontban ¢ idintervallumra vonatkozo atlag-
koncentraci6 a felszin kozeli légrétegben
Dgyjj1 — felszinre szaraz, illetve nedves iilepedés Gtjan keriilt
nijt } — anyagmennyiség

1. dbra: A modell miikodési sémaja
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Alapvetden hdrom modulbdl tevédik dssze. Az elsében a trajektéridk keriilnek kiszdmitdsra,
a mésodikban meteoroldgiai adatok rdcsponti értékeinek el¢éllitdsa, mig a harmadikban a
szegmensek végpontjaiban, illetve a rdcspontokban a koncentréci6 €s depozicid €rté€kek adott
id6lépcsdbeli értékeinek, valamint napi dtlagértékeknek a kiszdmitdsa torténik.

A kovetkez6 fejezetben a felhaszndldsra keriil6 adatbédzist ismertet jiik.

2. A modell adatbdzisa

Meteoroldgiai paraméterek. A modellhez a kovetkez6 meteoroldgiai tényezok, illet-
Vf: elzglél;?l leszdrmaztatott, a 1égkor dllapotét jellemzé paraméterek sziikségesek (Szepesi et
al., :

- szélmezd,

- csapadék,

- a légkor stabilitdsa,

- keveredési magassag.

A kikeriilési koriilményekre tekintettel, a 850 hPa-os féizobdrszintet fogadtuk
fogadtuk el a vezetGdramlds szintjének. A forrds kornyezetében azonban, ahol a kezdeti
sz6réddsban még jelentGsebb szerepe van a szélmezdének, foként a sz€lnyirdsnak, a felszini
széladatokat is figyelembe vettiik. Az interpolédcié Eurdpa 136 rddiészonddzé dllomdsdnak
adatai alapjdn tortént. A csapadék szerepe nagy fontossdgu a szennyezdanyagok kimosoda-
sdt, felszinre torténd iilepedését tekintve. Jelen vizsgdlatndl a folyamatosan rendelkezésre
4116 hat 6rds csapadéktérképek alapjn interpoldltunk a rdcsrendszer metszéspontjaiba csa-
padékosszegeket ligy, hogy ezeket az dtlagokat a metszéspontot, mint kdzéppontot tartal-
maz6 racsnégyzetekre tekintettiik reprezentdnsnak.

A légkor stabilitdsa féként a kezdeti széréddsi folyamatokat befolydsolja erdtel-
jesen. Megdllapitdsdhoz sziikség van a szennyezdanyagot magdba foglald 1€gréteg vertikalis
hémérsékleti profiljdra. Jelen vizsgédlathoz ilyen profilok nem &lltak rendelkezésre, igy az
éjszakai €s a reggeli idGszakra stabilis, mig a nappali €s esti érdkra normdl, illetve pozitiv
izoterm légrétegzddést vettiink figyelembe.

A kevert réteg vastagsdga jelentésen hat a szennyezGanyag vertikdlis eloszldsdra. A
modellben az alsé réteg vastagsagdt adja meg, értékét a trajektdridk mentén folyamatosan
meg kell hatdrozni. Kiszdmitdsdhoz a napi maximdlis hémérséklet, a reggeli 6 Grai h6mér-
séklet profil, valamint az éjszakai 4tlagos szélsebesség sziikséges (Fekete et al., 1983). A
vizsgdlat idején azonban pontos elééllitdsdra nem volt lehetdség, ezért a kevered€si magas-
sdg adott idGszakra vonatkozd klimatolégiai dtlagdnak eurdpai eloszldsit vettiik alapul.

Emisszid, forrds és szennyezGanyag paraméterek. A szamitdsokhoz sziikség volt a
forrést jellemzd kikeriilési paramétereknek, valamint az emissziénak a becslésére. Az egyes
radioaktiv izotépok figyelembe vételéhez nagy segitséget jelentett az a szovjet jelent€s,
amely a csernobili baleset koriilményeivel foglalkozott (Nemzetkizi Atomenergia Ugynikség,
1986); a kibocsdtott radioizotépok eloszlédsa, az egyes izot6pok kikeriilésének id6beli lefu-
tdsa és mennyisége alappillérét jelentik a koncentracié szdmitdsdnak. Amennyiben ezek az
adatok nem 4llnak rendelkezésre, az atomerémi tipusa, illetve teljesitménye alapjdn lehet
becslést adni az emisszidra vonatkozdan (Slade, 1968). A szovjet tudésok mérései alapjin
(N. A. Ugynokség, 1986), valamint az izotSpok felezési idejének a figyelembe vételével
szdmitottuk ki a vizsg4lt id6szakra a 1317 és 134Cs izotépok napi dtlagos emissziéit. Elfogad-
tuk azt a becslést is, amely szerint az er6miibdl kijut6 radioaktiv anyag kb. 40 %-a az er6mi
50 km sugart korzetében iilepedett le.

A vizsgdlathoz a jodot €s a céziumot valasztottuk ki. A jod esetében kiilon végeztiik
a szdmit4sokat goz, illetve aeroszol fazisra. Ezt az indokolta, hogy a kiilonboz6 fazisokban
eltér6 tulajdonsdguak, igy a kikertilési mechanizmusok eltéré médon hatnak réd juk. Emellett
feltételeztiik, hogy a gézfazisban 16v6 jod, egy része fokozatosan jod aeroszolld alakul at. A
mérések is igazoltdk a jod kétféle 1égkori eldforduldsdt, bar erre vonatkozéan konkrét
adataink csupdn a KFKI mérései alapjdn vannak (Deme €s Ldng, 1986).
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A szdmitdsok sordn hdrom alapvet$ kikeriilési mechanizmust, illetve a jédgdéz
dtalakuldsat vettiik figyelembe. A radioaktiv bomlds hatdsdra torténé aktivitdscsokkenést a
felezési id6 egyértelmiien meghatdrozza. A szdraz iilepedés hatdsdnak a figyelembe vétele
meglehetdsen nehéz. Mérések, megfigyelések 1itjin az egyes anyagokra jellemzd tilepedési
tartomdnyokat 4llapitottak meg (Barabds, 1982). Megfeleld informdcidk hidnydban ezek
koziil a baleset idGpontjat figyelembe véve képeztiink atlagértékeket.

A nedves iilepedés alapvetGen a csapadék mennyiségétdl €s €intenzitdsdtol fiigg.
Nem 4lland6 kikeriilési folyamatot jelent tehdt, &m nagy csapadékzéndkban a 1égkor radio-
aktiv izotép tartalmdnak jelentds része a felszinre, talajba keriilhet. Az egyes radioaktiv
anyagok egyedi tulajdonsdgainak jellemzésére pedig a szakirodalomban leginkdbb elfoga-
dott egyiitthatékat haszndltuk fel.

Az I. tdbldzatunk tartalmazza a jod €és a cézium, szdmitdsainkban felhaszndlt
dtalakuldsi és kikeriilési egyiitthatdit, valamint a felezési idéket.

L. tdbldzar:
A 3 65 13%Cs izotopokra jellemzé kikeriilési és dtalakuldsi egyiitthatk (ApSimon et al., 1980)
Atalakulasi Sziraz Kimosodasi
Felezési id6 egyiitthato iilepedési egyiitthato
Izotop sebesség
[1/s] [cm/s) [1/5)
g6z 0,3 1,5-107
% 8 nap 51077 SEE S
aeroszol 0,3-04 5.107
Bacg 2.1 év = 0.3 5-107°

3. Eredmények

A szdmitdsokat az 1986. dprilis 27. s mdjus 5. kozotti idészakban induld trajekto-
ridk mentén végeztiik el, hat 6rds id6lépes6t alkalmazva. Ebben az idészakban keriilt ki a
sériilt reaktorbdl a sugdrzé anyagok tobbsége. A szdmitdsokat a trajektdria-szegmensek
hatdrpontjaira, valamint rdcspontokra végeztiik el. Bemutatds c€ljabol egy olyan trajektoridt
vélasztottunk ki, amely — 6sszehasonlitva a kiilonboz6 tra jektéria-szdmitdsok eredményeit —
kis ingadozdst mutatott, €s dthaladt Magyarorszdg teriiletén.

7
/
/ 2. dbra:
I A csernobili atomerémiitél kiinduld
|\ trajektoria. (Az inditas idGpontja:
\\ 1986. aprilis 27. 06 GMT, (a), 1986.

majus 4. 00 GMT, b)). A kozépvo-
nal mentén lathato értékek a
radioaktiv felhé adott pontba
érkezési idejét, a szaggatott vonalak
a szOrodasi szektor hatarait jelolik.)
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A kivdlasztott trajektdria, a szoréddsi szektorokkal €s az dthaladdsi id6ponjokkal
egyiitta 2,dbrdn 14thaté. A trajektGridk mentén a sz6r6ddsi szektorokon beliil kiszdmitottuk
a 1317 és 134Cs izot6pok als6, kevert rétegbeli koncentraciéit, valamint a szdraz, illetve
nedves iilepedés ttjdn a felszinre keriilt izot6pmennyiséget. Az dprilis 27. 06 GMT id6pont-
ban indul6 trajektéria mentén végzett szamitdsok eredményeit a /1. tdbldzat tartalmazza.
Megfigyelhetd, hogy jodgdz esetén mind a koncentrdcié, mind az iilepedési érté€kek kb. két
nagysdgrenddel csokkentek a kibocsdtdstl szdmitott két nap elteltével. A jodgoz €s a
jodaeroszol koncentraciGja kozotti kiilonbség a transzport sordn fokozatosan csokkent, €s
féként a meteoroldgiai viszonyokt6l fiiggéen 7-10 nap utdn 1317 osszaktivitdsan beliil kozel
azonos részardnyt képviseltek. A 134Cs izot6p koncentriciGja ugyanezen id6szak sordn jéval
kisebb mértékben véltozott. Az iilepedési €értékek a hat 6ra alatt a felszinre iilepedett
izotopmennyiséget jelentik. A szdmitott €s mért értékek Osszevetéséhez, illetve egy adott
hely szennyezettségi szintjének megéllapitdsdhoz kiszdmitottuk a hat 6rds kibocsatdsokbdl
szdrmaz6 radioaktiv felhdkbdl az egyes racspontokba juté 1317 és 134Cs koncentrécié — €s
lilepedési értékeket. Ezekbdl, az dthaladdsi idéintervallumok ismeretében, a napi mérési
idészakokhoz igazodé dtlagértékeket képeztiink, amelyek mdr dsszevethetSk a mért értékek-
kel.

II. tdbldzat:
Szdmitont jod, illerve cézium koncentrdcio (. Bq/m3) €és harords iilepedés (Bq/mz) éntékek az dprilis 27. 06 GMT
idopontban kiindulé trajektoria mentén

27,18 28,06 28,18 29,06 29,18 30,06 30,18 1,06 2,06 3,06
Izotop neve
Szdmitds idépontja (nap, ora)
koncentrdcié
131,7 59,5 353 22,8 16,7 11,3 82 6,1 3,6 22
131 Ig
szdraz iilepedés
I 8537,6 3884,9 22851 14779 10844 7319 531,2 396,7 231,5 1457
nedves iilepedés
] = . = = - 6912 = = - 1299
koncentrdcié
17,1 16,4 10,3 7.0 75 6,4 S5 4,7 29 22
b llaer S
ke szdraz iilepedés
[ 1481,2 1418,8 8894 609,7 649,7 5494 4712 4106 247,2 1889
) nedves iilepedés
b e = = - - 12972 = = = %211
koncentrdcio
l 148.8 76.3 45,6 29.8 24,2 17,7 13,7 10,8 6.5 44
131 s
iilepedés
] 10018,8 5303,7 3174,5 2087,6 1734,1 3269,7 1002,4 807,3 478,7 8856
R TP e koncentrdcid
( 7.4 4,0 2,6 2,0 1,6 151 0,9 0,8 0,6 0,4
134 C
s e
szdraz iilepedés
L 160,6 85,7 58,2 43,3 35,7 24,7 20,4 17,3 13,0 9,5
nedves iilepedés
i, 5 s A - 2335 2 » 3 @8
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A I11. tdbldzatban a szamitott 4tlagértékek, a KFKI (Deme és Ldng, 1986) mérések
eredményei, valamint a mért €s szamitott értékek részardnyai taldlhaték. Az esetek nagy
részében magasabbak voltak a szdmitott, mint a mért koncentracié-€értékek, a hdnyadosaik
pedig kétszeres faktoron beliil ingadoztak. Itt néhdny esetben ezek az eltérések a szamitdsi
mddszer hibdin til, magyardrzhaték a mérési pontatlansdgokkal is. A felszinre iilepedett
radioaktiv anyag ujraaktivizdl6ddsa kovetkeztében, valamint a trajektoria-modellben figye-
lembe nem veheté dramlatoknak koOszonhetGen azokban az esetekben is kimuattak
radioaktiv anyagokat a légkorben, illetve a felszinen, amikor a szdmitdsok szerint nem
haladt at trajektoria a vizsgdlt teriileten. Ez ut6bbi tényezdket a modell jelenleg nem veszi

figyelembe.

A modell dltal szdmitott és a mért

131

II1. 1dbldzar:

kovet$ négy napon

I éntékek (KFKI), valamint szdzalékos ardnyuk a csernobili balesetet

Koncentracio Szaraz iilepedés | Nedves iilepedés |Koncentracid| Ulepedés
(Bg/m*) (Bg/m?) (Bq/m?) Bg/m*) | Bym?)
li!llg lsl’aer 1311g nl’aer 131]g nllaer 134Cs 134Cs
aprilis 28-4an 08"-t61 - 30-4n 08"-ig
Szamitott 24 1,1 | 4800 3630 | 4550 8560 0,2 =100,0
Meért 4,0 0,9 = - = = 0,1 <1000,0*
Meért/szamitott % 166,0 81,0 - = - - 50,0 ?
aprilis 30-an 08"-161 - majus 1-én 08h—ig
Szamitott 6,4 3,1 [1866,0 11430 | 230,0 4320 0,6 52,0
Meért 46 1.9 - = - - 0.3 70,0
Meért/szamitott % 71,0 61,0 = = = = 50,0 134,0
méjus 6-an 08"-161 - 7-én 08"-ig
Szamitott 7.7 3,5 | 5160 2660 - = 1,2 105,0
Meért 3.8 3.7 - - - - 0,5 14,6
Meértszamitott % 490 1050 ~ = = = 41,0 13,0
majus 7-én 08"-t6l - 8-an 08"-ig

Szamitott 10,0 4,0 [1600,0 1400,0 = = 1,2 106,0
Meért 74 72 = = = - 0.3 6.3
Meértszamitott % 74,0 55,0 £l = - - 25,0 50
Atlagos 90,0 75,0 - - - - 41,5 50.6
meért/szamitott %

* a baleset kezdetétdl IV. 30 08 GMT-ig kiiilepedett Gsszes radioaktiv izotGpmennyiség
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4. Kovetkeztetések

Célunk olyan egyszerien kezelheté modell 1€trehozdsa volt, amely alkalmas radio-
aktiv izot6pok nagy tavolsdgu terjedésének kozelito leirdsdra, illetve amelynek segitségével
megbecsiilhetd a kikeriilt anyagok teriileti eloszldsa a 1égkorben €s a felszinen. Az egyszeri
szerkezetet indokoltdk az adatszolgdltatds hidnyossdgai is, nevezetesen az, hogy csupdn
12 6rénként 4llnak rendelkezésre magassdgi meteoroldgiai informéacidk, €s azok is csupdn
néhdny f6izobdr szintre vonatkozéan. A szdmitdsok €s mérések Osszehasonlitdsa szerint a
fentiek figyelembe vételével létrehozott modell norm4l meteorolégiai koriilmények kozott,
mind a légkori koncentrdciét, mind pedig a felszini iilepedést illetéen nagysdgrendileg jo
kozelitést ad. A legnagyobb bizonytalansdgi tényez6t a trajektéridk meghatdrozdsa jelenti.
Azokon a teriileteken, ahonnét nincs a birtokunkban orografikus tényezdket is figyelembe
véve megfeleld sliriségil adatbazis, a trajektdridk hibdi a koncentrdciG-eloszldsban lényeges
torzuldst okozhatnak.
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Napjainkban egyre tobb orszdgban vetddik fel a kdrnyezetvédelem kérdése.
Hivatalos dllami szervek, politikai partok és természetvédd szervezetek egyardnt megta-
ldlhatdk a téma irdnt érdekl6dok kozott. A kornyezetvédelem problémdirdl killonbozd
felkésziiltségii €s el6képzettségili személyek tesznek kozzé nyilatkozatokat. Altaldban
természettudomdnyi vagy miszaki végzettségliek, de sz€p szdmmal vannak kozottik
kozgazd4szok €s jogdszok is. Altalanos probléma a fels6fokii kornyezetvédelmi szakem-
berképzés hidnya. Hazdnkban a kérnyezetvédelmi igazgatésdgok munkatdrsai tobbnyire
geoldgus, hidrol6gus, mérnok vagy agrarmérnok végzettséggel rendelkeznek. A fels6fo-
ki tantervekben viszont nagyon esetleges és rendszerezetlen a témakor tdrgyaldsa.
Ismereteink szerint egyediil a Miiszaki Egytem indit rendszeres kurzusokat — posztgra-
dudlis képzési formdban.

A kornyezetvédelmi képzés bevezetd tankonyveként mindenki szdmdra ajdnlha-
t6 Andrew Goudie szép kidllitdsu €s gazdagon illusztrélt konyve. Goudie a természeti
f6ldrajz professzora az Oxfordi Egyetemen. A tankonyv els6 kiaddsa 1984-ben jelent
meg €s 4 év alatt hdromszor nyomtattdk djra. Ez a sz€p siker késztette a szerzot a konyv
bdvitett kiaddsdnak megjelentetésére. (Azbta a bdvitett kiaddst is djranyomték.)

A konyv, amely gazdag gyiijteménye természeti és gazdasdgi foldrajzi, meteo-
rolGgiai, geolGgiai, talajtani és novénytani ismereteknek, 5 részbél, részletesebben 16
fejezetbdl dll. Az elsé rész két fejezete kornyezetiink megismerésének geoldgiai €s
meteoroldgiai alapvetését adja meg. A meteoroldgidval foglalkoz6 fejezet a 1égkor
szerkezetének ismertet€sétol indulva leirja Foldiink éghajlati 6veinek sajatossagait, be-
mutatja a csapadék €s a hémérséklet globdlis eloszldsat €s a hidroldgiai ciklust. Részletes
magyardzatdt kapjuk annak, hogyan hatdrozzdk meg az éghajlati viszonyok a talajtipu-
sokat, a vegetdcidt, az egyes éghajlati ovek flérdjat €s faundjat. Kiilon alfejezet foglal-
kozik a klimavéltozdsok kovetkezményeivel, bar klimavaltozdson a szerz0 ezuttal csak a
glacidlis €s interglacidlis korszakok periddikus véltakozas4t érti a Milankovics-Bacsdk
elmélet szerint. Az éghajlattani kutatdsokban az utébbi id6ben reflektorfénybe keriilt
klimavéltoz4si kérdések targyaldsara késébb kertil sor.

A mésodik rész 4 fejezete éghajlati adatok alapjan négy 6vezetre osztja Foldiin-
ket. A sarki Ovezet bemutatdsakor a vegetdcié €s az dllatvildg sajdtossdgai mellett a
jégtakar6 tulajdonsdgairol €s viselkedésérdl olvashatunk részletesen. A mérsékelt €gov
leirdsa ismét gazdag tdrhdza meteorolGgiai ismereteknek. Megtudhatja az olvasé, hogyan
jonnek Iétre eltérd tulajdonsdgi 1€gtomegek hatdrdn ciklonok €s anticiklonok a nyugati
szelek ovében. A fejezetet a jellemzd talajtipusok €s a jellemzd novénytakaré bemutatédsa
zdrja. A sivatagi 6vrdl €s a trépusokrdl sz616 fejezet gondolatmenete megegyezik az elsd
fejezetével.

A konyv harmadik részében egy mésik lehetséges osztilyozds logikd jat kovetve
a hegységek €s a partvidékek természetfoldrajzi bemutatdsat taldljuk. Igen €rdekes az
emberi beavatkozds hatdsainak ismertetése. A szerz6 a negyedik részt méretezte a
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legbévebbre. A 7 fejezet kornyezetiink elemeivel egyenként foglalkozik. A bioszféra, a
litoszféra, a pedoszféra €s a hidroszféra leirdsa mellett 6ndllo fejezet tdrgyalja a hidrolo-
giai ciklust. A fejezet alapjdn betekintést nyerhetiink alapismeretek szintjén a felh6- és
csapadékkeletkez€s fizikdjaba. A hidroldgiai ciklus szemléltetését viszont pontosabbd
tehette volna néhdny jellemzd szdmadat. Igen tjszerd az emberi épitett kornyezet
egységes leirdsa az utolsé fejezetben. A vdrosklimdtdl a leveg6 €s a vizek szennyez€sé-
nek problémdin 4t a varosokban €16 4llatok leirdsdig terjed az 4ttekintés.

Az utolsé rész egyetlen fejezetbe tomoriti annak a szemléletmdédnak a népsze-
rlsitését, hogy az ember csak €16 és é€lettelen kornyezetével egyiitt alkot egységes
egészet, €s meg kell taldlnunk a harmonikus klcsonhatdsok lehetdségeit.

A tankonyv iréja hatalmas ismeretanyagot halmozott fel. Minden fejezetet,
minden tém4t 4brdk és tdbldzatok bemutatdsdval tesz szemléletessé €s gazdag fénykép-
anyag gondoskodik arrél, hogy megismerhessiik a természet kutatéinak arcmdsét €s
elénk tdruljon Foldiink felszinének €s légkorének gazdag véltozatossdga. A konyv fiig-
geléke a tanuldst segit6 feladatokat, valamint a tovdbbi érdekl6d6k szdmdra fejezeten-
ként 4-10 tételbol 4dll6 irodalomjegyzéket tartalmaz. Részletes szészedetet taldlunk a
kotet végén. A konyvet mindazoknak ajdnljuk, akik a természet oldaldrdl szeretnének a
kornyezetvédelem kérdéseihez kozeliteni. Meteorolégus szakemberek a 1égkorrel kap-
csolatban 4116 f6ldi szférdkrol kaphatnak hasznos ismereteket.

Gyuro6 Gyorgy
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