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Analysis of the release and spread of radiocaesium
from Chernobyl*

H. M. ApSIMON and J. . N. WILSON

Air Pollution Group, Mechanical Engineering Department,
Imperial College, London, United Kingdom.

The aim of this paper is to simulate by means of an appropriate numerical model
the 1%7Cs deposition in Europe after the Chernobil accident. In the model the source
strength, the meteorological situation and the deposition of radioactive materials are
taken into consideration. On the basis of the results calculated the long-term effects of
the deposition over Europe are discussed.

*

A esernobili balesetbdl szdrmazd radiocézium kiboesdtdasdnalk és terjedésének analizise.
A tanulmény célja a csernobili balesetbdl szdrmazé 137Cs izotép eurdpai iilepedésének
kiszdmitésa megfelelé numerikus modell segitségével. A modellben a szerzék figyelembe
veszik a forrds erésségét, a meteorologiai helyzetet és a radioaktiv anyagok légkori
iilepedését. A kapott eredmények alapjin megvizsgiljik az iillepedés hosszti id6léptékii
varhat6 hatésait.

1. Introduction

At 1.26 (local time) on 26 April 1986 a series of explosions occurred at the
Chernobyl Unit — 4 nuclear reactor in the Ukraine, releasing radioactive material
into the atmosphere. It took heroic efforts over the next ten days to control the
release; meanwhile radionuclides travelled across the European continent and
beyond. This paper describes work undertaken with a meteorological model,
simulating the dispersal, to interpret what happened to the radioactivity re-
leased — in particular the %?Cs which is the most important nuclide for long-
termcontamination.

At the time of the accident at Chernobyl there was no recognised protocol
for the monitoring and reporting of environmental radiological measurements.
The International Atomic Energy Agency (IAEA) and World Health Organi-
sation (WHO) were rapidly involved, the IAEA liaising with the USSR on the
accident itself, and the WHO Regional Office for Europe quickly producing a
report on 5 May 1986 and subsequently assembling radiological measurements
from different countries. Two conventions have since been instituted through
IAEA. The first is the Convention on Early Notification, which requires states

* This is a summary of a paper presented at the Institute for Atmospheric Physics in Budapest
during a visit of Dr ApSimon in June 1988 as Chairman of the European Association for the Science
of Air Pollution.
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party to the Convention to notify directly, or through the TAEA, those states
which may be physically affected in the event of an accident and provide infor-
mation relevant to minimising the radiological consequences. Secondly there is
a Convention on Mutual Assistance in the case of a nuclear accident or radiologi-
cal emergency. Guidelines and arrangements in connection with these conventions
are still under development through TAEA. Meanwhile individual states are
revising their internal monitoring and communications for such situations.

The radiological data after Chernobyl were consequently extremely varied
a wide range of units, types of measurement and measurement techniques were
used. Attitudes of different countries also added to the distortion. Some tended
to report peak activity, others indicated average levels, and yet others provided
little information at all or issued official statements to the effect that there was
no significant contimation. Subsequently the diversity of intervention levels for
control of milk and other foodstuffs, even varying within individual countries,
did little to clarify the actual levels of contamination.

To interpret the radiological data objectively, a computer simulation of
the dispersal of material from Chernobyl in the atmosphere according to the
meteorological conditions, has proved very useful. Such a model, called MESOS,
had been developed at Imperial College to study hypothetical nuclear accidents
in the context of risk analysis. This model uses routine meteorological obser-
vations reported by synoptic stations in the network of the World Meteorological
Organisation (WMO), and these data were readily supplied by the UK Meteoro-
logical Office. Thus it is based on actual observations of the weather situation
as it evolves rather than forecast situations.

The purpose of these model applications for this contract has been as
follows.

i) to obtain an understanding of how air was circulating across Europe from
Chernobyl, and use this as a framework for piecing together the measurements
from different countries.

ii) to assess the quantities and variation in time of 1*¥13Cg isotopes re-
leased and travelling beyond the frontiers of the USSR.

iii) to identify areas of Europe which were subject to precipitation during
passage of the material, and were likely to have been subject to more severe
contamination.

. iv) providing a consistent picture emerged to estimate approximately the
collective dose commitment to the European population outside the USSR as
a consequence of the release.

2. The MESOS model

Before proceeding to analysis of the accident it is appropriate to give some
details of the meteorological model, MESOS — 11, which has been used. This is
a Lagrangian trajectory model, simulating the release as a sequence of puffs
whose advection, dilution and depletion are followed across the European map
area. Puffs of activity are released at three hour intervals and tracked through
a spatially and temporally evolving windfield. Dispersion and removal of activ-
ity from the puff are determined by reference to local conditions along the
trajectory. A three hour release is assumed to be composed of a series of puffs
which follow intermediate trajectories, leading to the exposure of the area
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between, as well as along, successive calculated trajectories. Releases lasting
longer than three hours can be constructed from successive three hour releases.
The model thus directly includes the large scale spreading of a release, due to
synoptic scale divergence, which generally determines lateral dispersion during
transport over long distances.

The evolving windfield is interpolated from standard surface pressure
readings, corrected to 1000 mb, which are made every three hours at reporting
stations in the worldwide WMO network. The pressure data is processed and
stored on a 0.5° latitude by 1° longitude grid, spanning the area 10° W —34° E
and 38 — 62° N for the period of the Chernobyl accident.

Activity is deposited on the surface by both washout and rainout, through-
out the depth of a puff and by dry deposition from the surface layers of a puff
alone. Dry deposition in MESOS — 1T is represented by a nuclide dependent dry
deposition velocity. The Chernobyl analyses have used values previously em-
ployed in MESOS —1T; 0.003 m.s-* for %! I, which was released in both gaseous
and particulate forms and 0.001 m.s-! for the wholly particulate nuclides such
as 1%4Cs and 137Cs.:

Washout and rainout are represented by a simple washout model, whereby
rainfall is assumed to scavenge the entire depth of the puff and give deposition
at a rate which is a function of the rainfall rate (J) as follows:

A = AoJos

A° is the removal rate in rainfall of 1 mm hr—*. Again values previously used in
MESOS —II have been used for the washout coefficients; 0.00005 s~ for both
BIT and the particulate nuclides. These washout coefficient and dry deposition
velocities are consistent with observations which clearly show the geater impor-
tance of wet deposition in the ¥?Cs deposition patterns. Thus, 5.0 mm of rain
falling through a radioactive plume with an average concentration of either of
the above nuclides of 1.0 Bq.m~2 over a depth of 1000 metres, would yield
approximately 0.9 kBq.m ~2 of deposited activity. The rainfall rate J is estimated
from the present weather reports which form part of the three hourly data from
each WMO reporting station, averaged over 1° latitude by 2° longitude cells.
Consequently, the wet deposition pattern predicted by MESOS—1II is only a
broad guide to the areas likely to have experienced wet deposition and cannot
give information on local variation in the wet deposition pattern.
Detailed descriptions of the model are given in ApSimon et al. (1985).

3. Source terms

Our earliest assessments using the MESOS model were presented at the
Nuclear Installations Inspectorate in the UK on 21 May 1986, and have been
reported elsewhere (ApSimon et al., 1987). These results were also made avail-
able to international bodies such as WHO and IAEA. Apart from maps showing
the daily spread of the cloud, they included estimates of the quantities of various
nuclides released, which turned out to be in good agreement with figure subse-
quently presented at the IAEA in August 1986 when Soviet scientists gave a
full account of the accident and its causes (IAH A4, 1986). This agreement on
source terms was perhaps surprisingly close, since the Soviet estimates were
based on measurements within the USSR, and included coarse material settling
«close to the plant whereas our estimates were based on fitting radiological obser-
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vations beyond the boundaries of the USSR to model simulations. Also initially
we knew very little about the accident and could only deduce in broad terms that
release had continued into the early days of May with a somewhat different
nuclide composition.

Recently we have undertaken more detailed assessments of the source
terms, and the results presented in the paper are based on these. 7'able 1 illustra-

TABLE 1

Daily release patterns of 1¥7Cs from Chernobyl. a) Initial
estimate derived from Soviet data. b) Revised estimate based
— on MESOS and measurements outside the U.S.S. L.

Release pattern

Day a) Soviet data b) Bq|Day
Bq|Day

21.00 25.04 — 21.00 26.04 a1, 109 1.5.10'6
21.00 26.04 —21.00 27.04 8.7.1018 5.6.1018
21.00 27.04 — 21.00 28.04 3.1.101 4.7.1015

21.00 28.04 —21.00 29.04 2.4.1018 Low
21.00 29.04 — 21.00 30.04 1.9:10)3 3.8.1014
21.00 30.04 —21.00 01.05 1.9.10%s V104
21.00 01.05—21.00 02.05 3.7.1013 1.1.10%5
21.00 02.05—21.00 03.05 4.8.1015 1.9.1015
21.00 03.05—21.00 04.05 6.7.10'8 2ol X0
21.00 04.05—21.00 05.05 7.4.10'8 3.0.10%
21.00 05.05 —21.00 06.05 1,1.10% TG 02E
Total 4.7.10%€ 3.9.10%¢

tes how we have derived daily releases of particular nuclides for the case of 137(Cs.
Figure 1is taken from the Soviet report (/AL A4, 1986), and shows how the daily
release of activity varied in response to the state of the reactor and the tempera-
ture of the core. The release was characterised by four stages as follows;

i) The mechanical discharge of dispersed radioactive fuel resulting from the
explosion. The radionuclide composition of this part of the release corre-

MCi T 10 B (
=2 a) E q/9 b) TK
1wt 7} 5000

//
W 4 4000
5 L / z 3000
Z ? Z\%
% Z A 1000
0 / 7 P — 1
(el 1T s R M Y A T R Tl Tl o) 14 days O 5 10 15 t, days

I'g. 1: a) Daily radioactive releases. b) Activity and temperature of the fuel after the accident
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ii)

iii)

iv)

sponds approximately to the composition of fission products in the spent
fuel, but enriched in volatile nuclides of iodine, tellurium and caesium.
April 26th— May 2nd. The release rate declined as a result of covering the
core with approximately 5000 tonnes of boron, lead, dolomite and sand in
order to extinguish the fire in the graphite moderator. The radionuclide
composition of the release during this stage was ’similar to the composition
in the fuel’ and included ’finely disperse fuel’ released as a result of the fire.
May 2nd — 5th. An ’increase in the power of the discharge occurred’, driven
by the buildup of decay heat in the now capped core. By May 5th, the core
temperature was above 2000° C. Enhanced releases of iodine were observed
from helicopter flights in the early part of this stage, however, the data are
sparse. The increase in temperature during this stage must, however, have
led to the migration up the core and subsequens release of less volatile
nuclides, possibly attached to graphite aerosol.

May 6th onwards. The release rate declined rapidly, following the construc-
tion of tunnels under the core, through which a nitrogen coolant was pump-
ed. During this stage, the composition of the release resembled that of
spent fuel.

The first column in Table 1 is based on the Soviet estimate of the total

amount of *’Cs released, and the premise that the variation in time matched
that in Figure la. Our results based on fitting model simulations to radiological
measurements of air concentrations of ¥7Cs across Europe, are given in the
second column; the total release is somewhat less than the Soviet estimate. This
is consistent since we do not include enhanced local fall-out. Our estimates show
the 137Cs release rate is reduced relative to the overall release rate in the later
days of the accident, when we find a higher proportion of '°¥1Ruy; this is to

Fig.

2: Midday weather charts 26 April —5 May 1986: a) Saturday 26 April 1986; 5) Wednesday 30

April 1986; ¢) Friday 2 May 1986; d) Monday 5 May 1986



be expected with the higher core temperatures. Nevertheless the agreement bet-
ween our estimates and those of Soviet scientists is good given the uncertainties.

4. The meteorological situation and the pattern of contamination across
Europe

Figure 2 shows meteorological charts for selected days between 26 April and
5 May 1986, which give valuable insight into the pattern of transport and depo-
sition across Europe.

Thus the early part of the release moved up into Scandinavia on 27— 28
April, roughly parallel to the 1024 mbar isobar in Figure 2a, and passing close to
the north-eastern corner of Poland as observed on Sunday evening. Precipita-
tion and air concentrations were highly variable with some high values over
gsouthern Sweden and Norway. Some wet deposition in convective storms was
also implied in the Ukraine and near Gomel, which was later partially evacuated.
The MESOS results failed to predict the contamination over Finland, due to the
wind-shear with height and the 3- dlmenslonal nature of advection within the
frontal system over Scandinavia.

On 29 April the release spread down southwards into Poland and East
Germany, giving air concentrations over Poland of the order of 100 Bq.m =3 of
13T, This spreading persisted on 30 April, gradually clearing from Norway and
Sweden, and by 1 May the cloud had thrust in a wedge across West Germany to
the south of the ridge of high pressure pushing in from the Atlantic across the
northern coast of Europe. At this point the cloud was almost splitting into two
parts; one part blocked to the east by the anticyclone, and one part which flowed
south of it. Air concentrations were higher in southern Germany than in the
north, which like Denmark had escaped the radioactivity under the protection
of the high pressure area which also pushed the cloud away from northern
Poland. The calculated arrival times of the southern section of cloud are a few
hours ahead of observations, and the subsequent western spread of the cloud
towards Spain is slightly overestimated. There was a band of heavy rain giving
high wet deposition over Bavaria and stretching over Switzerland into southern
France. There was also further rain over Sweden.

Between 1 May and Friday 2 May the cloud spread much more extensively,
reaching up behind the anticyclone towards the UK. The later part of the release
now led to contamination over southern Europe. By Friday 2 May to Saturday
3 May the early part of the release had largely cleared away from the source
regions and Poland, but the second peak of the release was moving towards
Greece. Convective storms broke out over much of southern Europe from 1—3
May. Air now flowed northwards to the west of the anticyclone over Denmark,
with a band of more polluted air from Austria to the north coast of FRG, and
much of Britain within the cloud. Rain led to some relatively high values of
deposition in Western Britain and then over Scotland on 3 —4 May. Thereafter
the air circled round a depression centred just to the west of Britain and was
drawn northwards from Europe, with frontal systems precipitation over the
North Sea (where a lot of the material was deposited) Denmark and Norway.
Until this time Denmark had remained relatively free of the cloud. The remain-
ing material affected the eastern half of Europe, gradually clearing away north-
wards from Greece to Scandinavia in generally dry weather. The airborne
radiactivity had mostly cleared away from Europe by the end of the second
week in May.

6



It appears that activity first entered Hungary on 29 April, from the north
moving west, after being released from Chernobyl during 26 —27 April, and
reached Budapest by 30 April. By 1 May activity released on 29 April seems
to have entered the country from the north and east on a more direct trajectory.
Subsequently activity released between 29 April and 4 May gave rise to further
exposure over Hungary. Thus levels were persistently elevated to various de-
grees from 29 April until 9 May. Because of exposure to different parts of the
release nuclide specific data over Hungary could be quite revealing with respect
to variations in the release pattern manifesting the higher 1°3Ru/**"Cs ratios in
the latter part of the release.

Figure 3 shows a map of the estimated deposition of 1¥?Cs across Europe
based on MESOS — IT simulations with the release pattern in column 2 of Table 1.
It has been compared with deposition measurements; as expected it fails to
predict contamination over Finland (where in the south some high levels were
experienced as in Norway and Sweden), and overestimates the westward spread
towards Spain. Nevertheless it picks out on a broad basis the regions of Europe
which experienced higher deposition in rain systems. In practice the problems
experienced across Europe in contamination of foodstuffs were associated with
hot-spot areas where more intense precipitation scavenged the plume concen-
trating deposited *¥**'('s locally. In Scandinavia small areas with deposition
in excess of 100 kBq.m~2 have been reported, and there are also high levels in
parts of central and southern Europe, often exacerbated by orographic enhance-
ment in mountainous regions.

Total deposition (Bqm?)

<1E2
14 1E2-1E3
B 1E3-1E4
B 1E4L-1ES
@ >1E5

-

| st 'k o ~ n » » ~Cv ]
Fig. 3: Accumulated estimated deposition of Cs'37 between 26. 4.86 and 15.5.86 from MESOS—11
simulation



Deposition of *Cs was often very closely correlated with rainfall patterns
during passage of the release, and in some countries this has been used to deduce
detailed deposition patterns. In the UK we have an advanced weather radar
network giving detailed analysis of precipitation in space and time. We used this
data to obtain a map of the estimated distribution of contamination over Eng-
land and Wales, which gave very good agreement with measurements made on
grass (ApSimon et al., 1988). Obtaining the data to determine the exact time
of passage of the radioactivity, which was crucial to the raincells intercepted,
took a considerable time. However, there are now plans to make such capabilities
operational at the UK Meteorological Office.

9. The long-term effects over Europe

The long-term contamination from Chernobyl over Europe is dominated
by the deposited caesium isotopes, which are long-lived and persistent. The
1 mSv limit on dose commitment is therefore the relevant criterion.

Two modes of exposure are dominant for 1¥7Cs, the whole body external
irradiation from the deposited material, and ingestion of the radionuclide. For
external irradiation the shielding effect of buildings reduces the dose. Also
deposition on smooth urban surfaces is generally considerably less than on soils
and vegetation. Charles et al, 1982, (DOMESEMARC) give the effective whole-
body dose over 50 years for an individual constantly outdoors following deposi-
tion of 1 Bq.m =2 of ¥7Cs on the soil as 1.2.10~7 Sieverts (Sv), and recommend
an overall shielding factor of 0.5, which is very conservative for most urban popu-
lations. Doses resulting from ingestion of deposited '*’Cs depend on the partic-
ular foodstuffs and the manner in which they are contaminated by the deposi-
tion as discussed in the next section and hence on the dietary habits of the popu-
lation, which vary considerably throughout Europe. Also not all food is locally
grown. However estimates of doses resulting from ingestion, based on various
shopping baskets (WHO meeting, June 1986) generally indicated a value for the
dose commitment over 50 years for this exposure route which is very similar
to that for ingestion. To this must be added the additional contribution from
137Cs. The distribution of deposited 1**Cs is similar to that for 13°Cs, but the con-
centrations are almost exactly half as high, as has been systematically observed
in air concentrations and used to distinguish fresh deposition of 3!Cs from
Chernobyl from preexisting deposition from fall-out (in which 13Cs was negli-
gible). 1*'Cs has a shorter half-life of 2 years and dose factors are slightly lower:
for external irradiation the 50 year dose is 6.8.10~% Sv per Bq.m~* deposited
by comparison with the 1.2.10 =7 Sv for *Cs. 1*4Cs therefore adds about 309, to
the dose commitment. This implies that where there is deposition of 5 kBq.m >
of 1¥’Cs the dose commitment to an individual is of the order of 1 mSv.

To obtain an approximate indication of the consequences of the Chernobyl
accident for the European population, calculations were undertaken of the collec-
tive dose commitments due to the isotopes of ¥7/134Cs using the dose factors
given above and the deposition map calculated with the MESOS—II model,
together with the population distribution. This of course makes no allowance
for any reduction which may have resulted from the introduction of control
measures. The resulting estimated collective dose commitment over 50 years for
the European population outside the USSR amounted to 2.10° man.Sv. Averaged
over the 550 million people included, this amounts to an average dose commit-
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ment per individual of 0.4 mSv. This corresponds to about 709, of the caesium
isotopes released being deposited within the total map area shown in Figure 3,
and an average deposition of 2 to 3 kBq.m 2 To put this perspective the annual
average dose due to natural sources of radiation (including radon) in the UK
is 2.5 mSv with similar levels elsewhere in Europe, so that the average collective
dose commitment from Chernobyl corresponds to about 2 months of such natural
exposure. In hot-spots of local deposition individual doses may however be
considerably higher.

6. Concluding comments

The accident at the Chernobyl nuclear power plant in the Ukraine on 26
April 1986 is the most serious civil nuclear accident in the world to date. A visit
to Chernobyl in March 1986 with a party of scientists attending a SCOPE
(Scientific Committee on Problems of the Environment) workshop in Moscow,
clearly showed the huge and impressive effort which had been required to deal with
the situation and restore the site with units ito 3 to an operational state again
as well as entombing the damaged unit 4 under vast quantities of steel and
concrete. Much can be learned from the Soviet experience. In particular, not
just in the Ukraine but over Europe and beyond we can observe a great wealth
of scientific information about the biogeochemical pathways of radionuclides
through the environment. It was thus very welcome that at the VIIth General
Assembly of SCOPE, which was held in Budapest during my visit to Hungary,
a proposal put forward in Moscow in March for a SCOPE project on this topic
was approved with full international collaboration.
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The case scenaric approach to climate related impact analysis

MICHAEL A. GLANTZ

National Center Atmospheric Research*
Boulder, Colorado, USA

This paper is concerned with how well society might be prepared for changes
"in climate variability and climate extremes as a result of the carbon dicxide/trace-
gnsas-induced global warming. It presents the uss and potential value of the ‘“case
sconarios” approach in identifying the ability of decisionmakers at varicus levels of
society to respond to environmental changes at the regional level. This approach
represents yet another way to assess the preparedness of societies to climate-related
stress. Case scenarios are based on assessments of appropriate contemporary histerical
responses to climate-related environmental changes as analogues or surrogates for
what might plausibly happen if a global warming occurs. Several case scenarics are
briefly described. A detailed case study is presented based on the societal and environ-
mental impacts of a set of four freeze events in a five-year period in the first half of
the 1980s. This case scenario identifies societal strengths and weaknesses in the citrus
growing region of the southeastern United States in coping with such unanticipated
extreme meteorological events. This study also shows how adverse climate impacts
in one country can change the country’s ability to compete economically in the market
place. It is hoped that the case scenario approach to climate impact assessments will
be useful in other sectors and in other countries as well.

*

wHset-szeendrid” meghkozelités éghajlati vonatkozdsi hatdsvizsgdlatokhoz. A dolgozat

célja annak elemzése, milyen jol tud a térsadalom felkésziilni a szén-dioxid és més
nyomgizok okozta globilis felmelegedés kovetkeztében létrejovo éghajlat-valtozasokra,
ill. -szélsoségekre. Bemutatja az,,eset-szeenarié” mazkszelités hasznalatit és potencidlis
értékét a dintéshozdk tevékenységében a tirsadalom kiilinbéz szférdiban, hogy vilaszt
tudjanak adni a ragiondlis méretti kérnyezeti valtozasokra, E meglizelités minden-
képp-n Gj utat jelent annak felmérésére, mannyire késziilt fol a tarswdlom az ézhajlat

okoztastresszre. Az esst-szeenariék lényoege annak felderitése, hogy milyen megfelelé tar-
sadalmi visszahatéasok szilettek a kézelmaltban az échajlati vonatkozdisa koérnyezeti

valtozasokra; ezekst analégidknak tekintjitk arra vonatkozdan, hogy valdszinlileg
mi torténhetne, ha globalis felmelegedés kdvetkezne be. Részletes esetcanulmanyt
mutatunk bes, amaly a 80-as évek elsé felében 6t évbil négyben eléfordult fagykar
tarsadalmi és kornyoezeti hatésaival foglalkozik. Ez a tanulmany feltirja az USA dél-
keleti részének citrustermeld régidiban a tarsadalmi vdlasz erls és gyenze pontjait,
amikor ilyen elére nem latott meteoroldgiai escmények fordulnalk eld. A tanulminy
azt is bemutatja, hogy az artalmas éghajlati hatisok milyen mértékben tudjdk mog-
véltoztatni egy orszag piacon valé maradasi képosségeét. Roméljilk, hogy az ézghajlati
hatésok felmérésére az ilyen esat-szeenarié megkozzlitések mis dgazatokbaa és mas
orszagokban is hasznosnak bizonyulnak.

* The National Center for Atmospheric Research is sponsored by the National Science Foun~
dation
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Introduction

The purpose of this paper is twofold. First it is to discuss the use and poten-
tial value of what we call ‘‘case-scenarios” to identify the ability of societies
(from the local to the international levels) to respond to low-grade, long-term
environmental changes. We are most concerned with how well society might be
prepared for changes in climate variability and climate extremes as a result of
the CO,/trace gas-induced global warming. The case-scenarios approach repre-
sents an attempt to develop yet another way to assess the preparedness of socie-
ties to climate-related stress. As opposed to the development of scenarios from
atmospheric general circulation models (the development of societal impacts
scenarios from the top down), the case-scenario approach is an attempt to
develop such scenarios by using appropriate contemporary historical responses
to climate-related problems as surrogates or analogues for what might feasibly
happen in a warmer world (the development of societal impacts scenarios from
the bottom up).

The second purpose of this paper (not necessarily unrelated to the first)
is to present a multidisciplinary case study of the impacts of a set of freeze
events on citrus production in the State of Florida (USA). This will serve to
exemplify the kind of information that might be obtained in a typical climate
impacts assessment. It is a shortened version of a longer more in-depth study on
how climate can affect the economic competitiveness of a particular industry
(Miller and Glantz, 1987). This case study also serves as yet another example
of a case-scenario for the global warming section of the paper. The unusual
repeated freezes in Florida in the early 1980s represent a plausible scenario of
changes in frequency and intensity of extreme meteorological events that
might accompany a CO,/trace gas atmospheric warming.

The Carbon Dioxide issue and regional scenarios

There is a large collection of literature on the effects of carbon dioxide and
other trace gases on global temperatures and ecosystems (e. g., Bolin et al., 1986;
DOE, 1985 a, b, ¢, d, 1986; EPA, 1983 a, b, 1984). Much of this work has
been funded in the US by the Department of Energy (DOE). Originally, the
DOE was charged with responsibility for societal impacts of CO,-induced global
warming but with a change in political administrations in the US in 1980, the
DOE dropped its support for research into the societal aspects of CO, impacts.
However, today there is a strong desire to focus attention on the societal and
economic impacts of a global warming. Presently it is the US Environmental
Protection Agency (EPA) that has the responsibility for assessing the societal
impacts and policy aspects of a trace gases-induced global warming and the
implications of those impacts for policy making. The problem is that there are
still many uncertainties about the CO,-induced warming that make studies
of societal impacts of such a warming questionable. What, for example, does an
average global warming mean to climate on a regional and local scale?

There has been considerable dependence in the past on scenario construction
using General Circulation Models (GCMs) to determine regional-scale physical
impacts. Yet, GCMs have not proven very reliable modeling precipitation and
even temperature at the regional level. How useful to policymakers might such
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scenarios be for long-range planning purposes? While they may have some
credibility (but not reliability) in scientific circles, they surely lack credibility
in political circles because the policymakers do not have any experience in
dealing with the kind of future worlds that the models suggest. Can this be
remedied?

To complement the work of GCMs, we have undertaken an assessment of
“‘cage scenarios” that can be used as analogues of possible societal responses
to the impacts of a trace gas-induced global warming. These cases contain actual
societal responses to environmental changes that might provide us with some
idea about how societies might respond to regional climatic changes. In a sense

Great lakes

Tig.. 1.

these cases can serve as societal sensitivity studies that will show how well
society is prepared to respond today to climate-related environmental problems.
We look at two kinds of problems: long-term, low-grade but cumulative changes
(e. g., sea level rise) and recurrent climate-related environmental changes (e. g.,
droughts). Withregard to the latter at least two important concerns come to
mind: changes in the frequency of occurrence of recurrent problems (i. e., in-
creasing or decreasing) and changes in extremes (i. e., new records being set
according to some standard, usually the historical record, or the lifetime of a
structure such as a dam or reservoir).

It is important to note that how societies responded in the past may or may
not provide a reliable guide as to how society might respond in the future to
recurrent climate anomalies. For this reason, this approach may lack a degree
of scientific credibility. Yet, they may have some credibility in political circles
because they are based on recent experiences and policymakers will be able to
relate to them, having had some experience, for example, dealing with the im-
pacts of rising (or falling) lake levels on coastal communities, or dealing with
the economic impacts of repeated freezes on citrus grove owners. In addition,
such case scenarios could expose current strengths and weaknesses of existing
institutions and processes in dealing with either long-term, low-grade cumulative
environmental changes or with recurrent climate-related environmental changes,
and thus can offer an opportunity for society to take into consideration appropri-
ate adjustments.
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For an assessment of case scenarios for North America, we have chosen
to look at the following situations: metropolitan water supply (Northern Vir-
ginia) and drought, orange production (Florida) and freezes, the Mississippi
River system and the impacts of high and low flow on navigation, coastal
subsidence and sea level rise(Southern Louisiana), declining aquifers and agri-
cultural adjustment (U. S. Great Plains), the rise in the level of the Great Lakes,
the rise in the level of the Great Salt Lake (Utah), water supply management
and drought (northern California) and the impact of an erroneous streamflow
forecast on irrigated agriculture (Yakima, Washington). Only a few of these
cages will be discussed here. Each case has its own contribution to make to our
understanding of society’s response to environmental change. The case studies
are now in progress and the research findings (as well as the case-scenario’s
contributions to our understanding) are yet to be fully identified.

Specific Case-Scenarios: A few examples

Increasing levels of the North American Great Lakes. In the past few years
levels of several of the North American Great Lakes (Fig. 1.) have been at or
above record historical levels (Coken, 1987; Quinn, 1985). There is no indication
oen way or another whether this increase in levels will continue.

Previous extremely high lake levels were reached in 1974 and those have
been matched or surpassed in the mid-1980s. Attention was drawn to the Great
Lakes situation as a result of national media coverage of the damage that has
resulted to communities bordering some of the lakes. In addition, Chicago’s
shorefront property had been damaged by high water as well as by wind-driven
blocks of ice hurled into shorefront condominiums.

There has been considerable speculation recently about whether the in-
crease in lake levels might be linked to the ‘‘greenhouse effect” resulting from
the increase in the atmospheric content of the trace gases. This particular environ-
mental change will be the focus of attention of the EPA’s report to the US
Congress early next year on the policy aspects of a carbon dioxide warming.
If the CO, warming is taken seriously as a cause of increasing lake levels then
it is assumed that these levels will remain high. In fact, with regard to a CO,-
induced warming it is believed that the level of the Great Lakes will go down,
not up as they have been in the recent decades. Thus certain responses might
be expected from organizations, agencies and political units (e. g., states, pro-
vinces, local communities, international commissions). A CO,-induced warming
will be a long-term, gradual but cumulative process. Several questions need to
be explored. What kind of response should these various groups involved with
different aspects of the Great Lakes system take? What kinds of preventive
measures might be warranted, given that there is still considerable uncertainty
about what such a warming might do to Great Lakes levels? Should those orga-
nizations allow the gradual changes to occur, and simply respond in an adaptive
fashion to changes in lake level and associated problems such as coastal flooding
or more severe storm surges? The Great Lakesare high now and have been high
at previous times. Several questions might be investigated. How have societies
bordering the Great Lakes dealt with sharp changes in lake levels in the past
fifteen years? How have they responded in the past five years?! Can we learn
from such responses how societies in similar situations might respond to such
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climate-related environmental problems in the future? What does it tell us
about how societies deal with incremental, low-grade cumulative environmental
changes?

Rise in the Great Salt Lake. The U. S. Great Salt Lake is situated entirely
within the State of Utah and is approximately 3,500 km?. (Fig. 2)
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As of 1982, the level of the Great Salt Lake had reached its historic long-
term average (1281) m), having rebounded from its historic low level in 1963
(1278 m). From the historic low of 1962 the levels continued to slowly rise until
the early 1980s. Between September 1982 and June 1983, however, the level
of the Great Salt Lake rose about 1.5 meters. The following year it had risen
another 1.5 meters. There was little change in 1985. By 1986 it had risen yet
another 1.2 meters, surpassing the previous historic high record set in 1873.
The lake rose rapidly between 1982 and 1986, as a result of heavy precipitation
in the fall and spring seasons. In June 1986 it had risen to its highest level ever
recorded. Thre is uncertainty today about what direction the lake level will go
in the near future.

Amidst all the speculation about why the lake level had risen as well as
what society might do about it, political decisionmakers were prompted to action
as a result of actual damages that resulted from the rising waters. The total
damages have thus far been estimated to be over $300 million. Damage includes
adverse impacts on industrial and mining activities along the lakeshore, de-
struction of agricultural land as well as wildlife refuges, railroad track beddings,
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highways, residential homes, employment prospects and so on. For example,
rail lines had to be raised repeatedly in the mid-1980s in order to accomodate
higher lake levels. In some areas the tracks can be raised no higher because the
elevated beds cannot withstand the weight of the trains. In addition, the inter-
state highway (I —80) was also raised in this period but, for the same reasons, it
cannot be further elevated. If the lake continues to rise, rail service to some
parts of Utah will end. Also, some of the mining companies already adversely
affected by rising lake levels have already closed down their lakefront opera-
tions and terminated the jobs of hundreds of employees.

According to Morrisette (1987), the State’s response to the riging lake levels
has been to ‘‘implement a set of incremental adjustments with each step being
taken as a previous step became overwhelmed by the continuing rise of the lake
level” (p. 94). The reason for the inability to cope with the impacts on the lake
of a variable climate regime were related to two major causes: perceptions about
the upper limits of the lake level (human time scales being different from natural
time scales); rigidity in institutional arrangements for dealing with the levels
of the Great Salt Lake. The State of Utah opted for building a pumping station
at a cost of tens of millions of dollars to keep the lake level ‘‘safe’” on the short-
term. This solution was supported by some and opposed by others.

1t appears that two views about future lake level rise were in competition
with each other for support of decisionmakers: one view was that the lake had
reached its highest level and therefore had to recede, the other view was that
the past record provided little insight into the future. If climate was indeed
changing, then there would be little value in placing a heavy reliance on the his-
torical record. A controversy developed over how high could lake levels go and
what lake level would be acceptable for planning for development around the
lake. Contingencies were developed identifying what was believed to be the
most likely high lake level (1283 m by the year 2025), the most likely low lake
level (1278 m by 2010), and the more extreme but still possible high lake level
(1284 m by 1998). More importantly, a planning level of 1286 m was identified
as the most plausible high level (extreme event).

When lake levels in 1985 did not rise, some observers felt that the problem
was over. This appear to be a common response to recurrent severe climate-
related phenomena. It may be no more than wishful thinking; hoping that the
problem will resolve itself. Also, decisionmakers do not want to put themselves
in a position whereby they have authorized some costly mitigation measures,
only to have the reasons for the measures evaporate. No one knows what the
future holds in store for the Great Salt Lake.

What this case study tells us is how State decisionmakers have perceived
lake levels and how they perceive future climate changes and their possible
effects on lake levels. Current scientific speculation suggests that with a global
warming the lake levels will decline, not increase. Perhaps this belief has rein-
forced Utah decisionmakers to opt for a short-term solution to rising lake levels
and to hope that they made the right decision.

The Ogallala Aquifer Depletion in the US Great Plains. The Great Plains is
considered to be part of the heartland for agricultural production in the United
States. The aquifer underlies parts of eight states, from South Dakota to Texas

(Fig. 3.).
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"1t is of variable saturated thickness with the thickest part being in Nebraska
and the thinnest part being in the High Plains of Texas. Agriculture in the region
is heavily dependent on the use of aquifer water for irrigation purposes.

The region itself produces principally corn, wheat, cotton and feed grains
(sorghum). The region is drought prone with speculation about the periodicity
of those droughts somehow being linked to 22-year sunspot cycles. Whether,
such a relationship is found to exist, beyond a doubt, a myth has developed that
a major drought hits the Great Plains every 20 years or so . . . and now we look
and wait for them.
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Droughts do return to the western part of the United States every so often
and they have been of varying magnitude and impact. The droughtsin the 1890s
caused a great number of settlers to abandon their land in search of areas with
less harsh climatic conditions. The worst of these droughts in intensity and in
societal and environmental impacts took place in the mid-1930s, an era that is
commonly referred to as the ‘‘dust bowl” days.

The spectre of a return of such prolonged and intense drought conditions
is driving policymakers to take seriously scientific arguments about the regional
effects of a global warming. Several models of a potential global warming suggest
that the American Great Plains will become drier and soil moisture will become
reduced. The models include output from general circulation models, historical
and paleoecological reconstructions of the environment (regional climate and
ecology) during the last warm epoch (the Altithermal about 4000 —8000 years
ago), and a reconstruction of midlatitude climate during the ten warmest Arctic
summers this century (it is assumed that a one degree warming in the midlati-
tudes would mean a 3 —4 degree warming in the polar region). There have even
been scenarios constructed that ‘‘play out” the impacts of a 1930s type drought
on a 1980s type economy in that region (Bernard, 1980; Warrick, 1984).
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As the historical records show, each of the major droughts in the region
has prompted decisionmakers from farmers to state governments to look fo
ways to buffer agricultural and other activities from the vagaries of climate,
especially drought. Thus, during and following major droughts, there is a sharp
increase in the number of wells constructed to tap the ground water. There
seems to be little control over the exploitation of the aquifer. In fact, one could
argue that for a long time the aquifer was seen as an unlimited resource. Yet the
aquifer is not of homogeneous thickness or depth from the surface and is also more
vulnerable to exploitation in some places than in others.

Driving the exploitation of the aquifer were favorable prices for agricultural
production, cheap energy, available technology and, last but not least, recurrent
droughts and dry spells throughout the region. However, some regions where
the aquifer is thinnest (the High Plains of Texas) began to experience reduced
availability of groundwater. The level of the aquifer had dropped to such an
extent that it became more and more expensive to sink wells and required more
energy to pump it out. With the depletion of the aquifer and with higher energy
costs some farmers have reverted to dryland farming practices, shifted to crops
with a lower dependence on water, or abandoned their land.

To take a look at the problem of a declining groundwater level, the US
Congress authorized an $11 million study of the geology of the aquifer and the
impacts of its depletion. Projections were made to the year 2020. In this report
the climate of the region forthe next 40 years was considered to be the same as
the climate of the past several decades; that is, extremely favorable for agri-
cultural production in the region. Such a view, of course, ignored all of the scien-
tific discussion that has been taking place about the likely global warming as
well as speculation about the regional impacts on the Great Plains of such a
warming. The High Plains study looked at baseline projections (that is, the
continuation of current policies and trends at all levels) and proposed five alter-
native water management strategies, two of which included intrastate and
interstate water transportation. The proposal of extrapolating current policies
and trends received much criticism when the study was evaluated (NCAR,
1985).

These two environmental problems — the actual, real problem of the
drawdown of the Ogallala aquifer and the hypothesized, projected regional
impacts of a global warming — should be looked at together rather than separa-
tely. Those studying each of these problems can learn from the research find-
ings of the other. For example, how farmers in the Texas High Plains have res-
ponded to dwindling ground water supplies may shed light on how farmers in
that region might respond to a change (perhaps associated with a trace gas-
induced warming) in the frequency and intensity of droughts. How governmentg
at all levels of society have responded to the long-term, low-grade but cumulative
decline in ground water supply may present ideas on how best to deal with the
long-term, low-grade but cumulative global warming associated with the burning
of fossil fuels, the release of other trace gases, and deforestation. We have
experience in dealing (or not dealing) with the aquifer’s depletion, whereas we
have little experience in dealing with an analogous (in several respects) problem
of changes in precipitation in the American Great Plains. We can learn from
societal responses to the depletion of the aquifer about how we might cope with
an ‘‘atmospheric drying out” of the American Great Plains.
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The aquifer depletion continues in many parts of the region and it is pro-
jected that after 2020 a groundwater ‘‘crisis” will emerge throughout the
region. The global warming, if it continues, will become heightened by the early
decades of the 21st century. These two adverse impacts on the water balance
in the region (one actual and one potential) will converge, making a bad situation
even worse.

As noted in the introduction, the following section represents both a case-
scenario for the climate change issue discussed in the preceding section and a
study of extreme events and societal responses to them.

The Florida Citrus Case Study. As a result of climatic factors, only a small
portion of the world’s agricultural land is suitable for the commercial production
of high quality citrus. An even smaller portion is suitable for the profitable
production of oranges intended for processing into frozen concentrated orange
juice. The climate characteristics of the State of Florida were conducive for the
gtate to become a major producer of oranges during the 19th century and the
world’s first major producer of frozen concentrated orange juice (FCOJ) in the
mid-twentieth century. Citrus production in Florida has become a multibillion
dollar industry.

The annual climatic patterns have allowed for profitable citrus production
mainly in the central portion of the state. The geographic location of commercial
citrus production has been limited in the southern part of the state by poorly
drained soils and in the north by relatively high freeze probabilities. Even within
the main citrus growing areas recurrent freezes can impose significant costs.

Between September 1980 and January 1986 the Florida citrus industry
has suffered four major freezes. The most serious of these freezes (the third and
fourth in the sequence) occurred in December 1983 and January 1985. Together,
these two freezes are estimated to have killed approximately 40 percent of
Florida’s commercial citrus trees.

While Florida’s citrus growers may have adjusted to the periodic occurrence
of freeze damage, the set of freezes that began in 1980, as well as the devastating
intensity of the 1983 and 1985 freezes, caught them by surprise. Such severe
freeze damage had not been experienced for nearly a century.

The recent anomalous set of freezes has reinforced speculation about climate
change. More than one writer has suggested that climate change is at the root
of Florida’s recent freezes. Chen, for example, reports that an apparent cooling
trend can be discerned in Florida’s minimum temperature records (Chen, 1984,
1985). Some observers questioned whether the citrus industry in Florida could
recover. Moreover, if it recovers, what can it expect with regard to future climate
variability and future climate extremes? Those who suggest a climate change, of
course, represent only one view about why Florida's citrus region has been
plagued by the recent series of damaging freezes. It is possible that freeze proba-
bilities in Florida’s orange growing areas (Fig. 4a) are high enough that this
anomalous series of cold temperature events could have occurred even in the
absence of a real climate change. In other situations, it has been shown that
runs of extreme weather events can occur by chance with no change having
necessarily occurred in the underlying probability distribution (Glantz and Kalz,
1985).

Regardless of the underlying cause or causes of this recent set of seemingly
anomalous freeze events, the experience may have been sufficiently costly to
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convince many Florida citrus growers that freeze probabilities are significantly
higher than they had previously assumed and may cavuse them toseek to minimize
their risk of loss by resorting to one of a variety of measures. They may expand
citrus planting into southern Florida. Citrus production has traditionally been
limited in Florida’s southern counties because the poorly drained soils in that
region are in general unfavorable to citrus production. Such soils mean higher
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land preparation costs, greater risks of disease and relatively lower yields.
As another alternative they convert their land to other less risky uses. In many
parts of Florida there is considerable enticement for orange grove owners to
turn their land over to other uses. For example, Florida has one of the fastest
growing populations in the nation, and groves could be converted by land deve-
lopers into new communities. Other potential competing uses for land in Florida’s
traditional citrus growing areas include conversion into forest or pasture or
into land suitable for the production of other fruits, nuts, or vegetables. These
other investment alternatives might become more attractive following periods
of severe freezes.
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As long as the trees in a grove are alive and producing, its value in citrus
production is likely to exceed its value in many alternative uses. Once the trees
are dead, however, the value of that parcel of land falls dramatically, and the
owner is faced with a radical change in the relative value of his land inalter-
native uses. It has been estimated that as much as 1/3 of the frozen-out citrus
acreage will be put to other uses. At least 1/3, however, will be replanted. Those
growers who do replant are generally following new practices including closer
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spacings, the installation of microsprinklers for cold protection, and the use
of: tree-wraps to protect the young trees from freeze damage. These practices
provide greater cold protection for the young trees. Growers also hedge against
freeze risks by planting a mix of early and late maturing varieties. While the
early varieties face less risk of frost, they bring lower prices.

Until this decade, Florida growers were less vulnerable to financial losses
from freezes, because when freezes adversely affected orange juice production,
the resulting increase in price could compensate affected growers for some if not
all of their loss. In addition, before 1962, Florida had virtually no competition
as a supplier of FCOJ. Since the 1960s, Florida’s output has been supplemented
by a steadily increasing Brazilian FCOJ production. Today, the increased
availability of Brazilian exports of FCOJ provides a ready substitute for short-
falls in Florida’s production, thus the price o FCOJ has become fairly stable.
Florida citrus growers can no longer count on sharp increases in prices for their
oranges following a citrus-damaging freeze event.

The climate of Sao Paulo state in Brazil is especially suitable for the produc-
tion of high quality oranges. (Fig. 40) When in 1962 a severe tree-killing freeze
occurred in Florida, the resulting rise in prices for oranges and especially for
FCOJ caught the attention of entrepreneurs in Sac Paulo and stimulated the
establishment of new orange groves and the development of modern, quality-
controlled juice production techniques. Brazilian production has continued to
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expand since the 1960s. In fact, some American and multinational corporations
involved in orange juice production have developed groves in Brazil as well in
an attempt to minimize their financial vulnerability to the vagaries of climate.

Despite the stimulus that the 1962 freeze in Florida provided to Brazil to
enter into the FCOJ industry, the role of subsequent Florida freezes in deter-
mining the rate of expansion of Brazilian FCOJ output is less clear. Steady
growth in world demand, coupled with cost-saving technological innovations
appear to have been the long-run driving forces behind this expansion. While
there does appear to be a tendency for exports to increase in response to higher
freeze-year prices, the strong underlying upward trend in output and exports
suggests that the Brazilian FCOJ industry would have grown rapidly even in
the absence of Florida’s freezes. Although Brazilian producers have profited
significantly from Florida’s recent freezes, these windfall gains do not appear to
have been the primary force (but a force none the less) behind the expansion of
their citrus industry.

This does not mean that Florida’s climate characteristics have not had an
important role in its ability to compete economically with the Brazilian FCOJ
industry. The pronenes of Florida’s growing areas to freeze damage severely
limits the ability of Florida's output to expand in response to growing world
demand, while the possibility of freeze shocks results in potential windfall gains
for other producers. The climate-induced instability of Florida’s supply and the
growing world demand have thus contributed to the creation of profitable
opportunities for expanded Brazilian FCOJ production.

As for Florida’s ability to continue and perhaps expand its key role in the
global citrus economy, the recent freezes do not appear to have eliminated it.
Rather, those freezes have reawakened Florida’s citrus producers to the fact
that they are involved in a climate-sensitive industry and have reminded them
that the potential for freeze-related problems is never far away. This has sparked
interest in developing hardier citrus varicties, more effective freeze protection
methods. and better ways to hedge economically against freeze impacts to the
industry.

Conclusion

There has been a sharp increase in interest in climate impact assessment
in the United States. in Canada, in Germany, in Brazil and other nations in the
past year or so. This has in large measure been due to growing concern among poli-
cymakers about the carbon dioxide issue. Their interest has also been rein-
forced by the attention that the impacts of the 1982 —83 El Nino event (an
atmospheric-oceanic phenomenon) had worldwide. Questions about how well
society might be prepared for the yet unknown regional and local effects of a
global warming have stimulated research into what might be called ‘‘prior”
questions, that is, questions about how well today’s societies are coping with
long-term, low-grade cumulative environmental changes and with extreme
meteorological events. Multidisciplinary climate impact assessments can provide
useful knowledge to researchers as well as to policymakers about how societies
might best deal with climate-related socioeconomic and environmental impacts.
They can also provide information about which climate-related impacts people
are most concerned.
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Statistics and decision making for
extreme meteorological events
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Statistical methods appropriate for dealing with extreme meteorological events
are reviewed. The statistical theory of extreme values and of records is contrasted
with that for expected values. To demonstrate that means cannot simply be used as
surrogates for extreme events in climate impact studies, an example is given of the
nonlinear relationship between the likelihood of a particular extreme meteorological
event and the mean for that variable. The inadequacy of standard statistical techniques
that are employed to make inferences about climate variability isg outlined, and alter-
native approaches are suggested. In estimating the probabilities of extreme meteoro-
logical events, the question arises of how long a historical record should be used. This
issue is addressed from a decision-analytic viewpoint.

X

Szélséséges meteorologiai eseményel: — statisztika és dintéshozatal. Attekintjiik
a szélsdséges meteoroldgiai események kezelésére alkalmas statisztikai mddszereket.
Szembedllitjuk a szélséértékeknek és a feljegyzéseknek, valamint a viarhaté értékeknek
a statisztikai elméletét. Annak illusztraldsira, hogy az éghajlati hatdselemzésekben
a szélsdséges eseményeket nem helyettesithetjitk egyszertien az dtlagokkal, példaval
mutatjuk be egy moghatirozott szélséséges meteoroldgiai dllapot valdszinlisége és e
vialtozd dtlaga kézotti nemlinedris kapesolatot. Réamutatunk azoknak a standard
statisztikai eljirdsoknak az elégtelenségére, amelyekbdl kivetkeztetéseket szokis
levonni a klima valtozékonysagara, és helyettiitk alternativ megkdozelitéseket javasolunk.
A szélséséges meteoroldgiai események valdszinliségeinek becslésénél felmeriill a kérdés,
hogy milyen hosszti legyen egy térténelmi adatsor. Ezt a problémat déntésanalitikai
szemszoghol kézelitjiik meg.

Introduction

According to the dictionary, ‘‘extreme” weather conditions are defined as
‘‘exceeding the ordinary, usual, or expected.” As is by now well recognized,
extreme meteorological events play an important role in the manner in which
climate affects society. Nevertheless, the ways in which climate (or changes in
climate) is usually characterized rely on ‘‘expected” values (or averages). Furt-
her, most of the statistical methods that are employed either to estimate the
likelihood of meteorological events or to make inferences about changes in
climate are really designed for expected rather than extreme values.

* The National Center for Atmospheric Research is sponsored by the National Science
Foundation.
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In this paper, statistical methods appropriate for dealing with extreme
meteorological events are reviewed. Specifically, the so-called statistical theory
of extreme values and of records is discussed and contrasted with that for ex-
pected values. Problems that arise in attempting to apply this theory to meteo-
rological data are examined. To demonstrate that means cannot simply be
used as surrogates for extreme events in climate impact studies, an example
is given of the nonlinear relationship between the likelihood of a particular
extreme meteorological event and the mean for that variable. To draw any
general conclusions about the probability of extreme events, information about
the variability, not just the mean, of climate is necessary. The inadequacy
of standard statistical techniques that are employed to make inferences about
climate variability is outlined, and alternative approaches are suggested. Ulti-
mately, information about climate is only of value insofar as it leads to a change
in the actions taken by a decision maker. In estimating the probabilities of
extreme meteorological events, the question arises of how long a historical
record should be used. This issue is addressed from a decision-analytic view-
point.

Fxtreme values and records

Theory of Extreme Values and Records. Besides their simplicity and con-
venience, there are some important theoretical reasons why averages play such
a major role in applications of statistics. In particular, the Central Limit Theo-
rem essentially states that for a wide range of possible shapes for the distri-
bution of the individual observations, the distribution of their mean tends to
the normal as the number of observations which are averaged increases. For
instance, the distribution of daily precipitation amounts at a single site is known
to be highly positively skewed. But as precipitation amounts are totaled over
time and Jor averaged over space, the distribution becomes less skewed and more
nearly normal.

A parallel, if not completely analogous, theory exists for extreme values.
Specifically, the distribution of the maximum (i. e., largest) value tends towards
one of three possible distributions (termed Type I, Type II, and Type I11 extre-
me value distributions) as the number of observations increases. If the distri-
bution of the individual observations has a relatively light right-hand tail (i. e.,
extremely large observations are sufficiently rare in occurrence), then the
Type 1 extreme value distribution arises as the limiting distribution of the
maximum. In fact, most of the distributions commonly fit to meteorological
data do possess this property. Figure 1 shows the probability density function
for the Type I extreme value distribution. Note that this distribution has a
substantial degree of positive skewness, quite unlike the normal distribution.
The Type IT extreme value distribution arises when the distribution of the
individual observations has a relatively heavy right-hand tail, whereas the
Type III extreme value distribution occurs when the individual observations
have a distribution with a finite upper endpoint.

Just as the Central Limit Theorem can be employed to approximate the
distribution of averages over large samples, extreme value theory can be applied
to approximate the distribution of the maximum over large samples. However,
the results concerning rate of convergence for extreme value theory are quite
different in nature from those for the Central Limit Theorem. With averages,
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the normal approximation naturally is better if the distribution of the individual
observations is close to normal and is worse if the distribution of the individual
observations is far from normal (e. g., highly positively skewed). For example,
since the distribution of daily mean temperature is nearly normal, the normal
approximation is generally quite good for the distribution of monthly mean
temperature. On the other hand, since the distribution of daily precipitation
amounts is quite positively skewed, the distribution of monthly total precipita-
tion is still somewhat positively skewed and the normal approximation is not
very good. _

Conversely, with the maximum, the most rapid rate of convergence to the
Type 1 extreme value distribution occurs when the distribution of the individual
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observations is exponential shaped (in particular, positively skewed). When
the distribution of the individual observations is normal or near normal, the rate of
convergence of the distribution of the maximum to the Type I extreme value
distribution is quite slow. Consequently, the maximum daily precipitation
amount over a month might be well approximated by the Type I extreme value
distribution, whereas the maximum daily mean temperature over a month
would probably not be well approximated by this same distribution.

Besides the maximum, the theory of extreme values can be extended to
the case of the minimum, the 4t largest (i. e., second largest, third largest,
etc.) value, and the number of times a given threshold value is exceeded. Many
meteorological time series possess a substantial degree of serial correlation.
Nevertheless, extreme value theory still holds as long as the degree of dependence
decreases at a fast enough rate (i. e., the correlation between observations taken
at times that are relatively far apart must be sufficiently small). In fact, most
stochastic processes employed to model the dependence of meteorological time
series do satisfy this condition. Moreover, the extreme value theory approxi-
mations are the same as in the independent (uncorrelated) case, whereas the
distribution of averages must be adjusted for the effects of dependence on the
variability of time averages. See Leadbelter et al. (1983) or Galambos (1987) for a
general review of the theory of extreme values.

Another way to consider extremes that is quite popular in meteorology is
in terms of records. In other words, at what times in the previous history of
observations were record-breaking maximums set (termed ‘‘record times”)
and what were the values of these record-breaking maximums (termed ‘‘record
values’). For instance, it is interesting to speculate about whether the current
frequency of occurrence of record-breaking weather is at a rate to be expected
or is different enough from that expected to be indicative of a changing climate
(in particular, perhaps a more variable climate).
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Quite analogous to the theory of extreme values, there is a well-developed
theory of records pioneered by Rényi (1962), among others. For example, there
are results concerning the frequency of record breaking and concerning the
distribution of the waiting times between consecutive records. In particular,
the expected number of records set increases at a rate approximately propor-
tional to the logarithm of the total number of observations. Moreover, although
another record is always sure to eventually occur, the mean inter-record waiting
time is infinite. See Glick (1978) for a review of the theory of records.
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Applications to Meteorology. Much of the early development of extreme
value theory was at least partially motivated by practical problems in the geo-
physical sciences [e. g., floods and related hydrological and meteorological
processes (Gumnbel, 1958)]. Consequently, numerous examples of applications to
meteorology exist. Nearly all of the distributions fit to individual observations
of meteorological data are in the ‘‘domain of attraction” of the Type 1 extreme
value distribution (i. e., the limiting distribution of the maximum is the Type
I extreme value). For instance, the normal distribution, commonly fit to tem-
perature data (e. g.. Lelman, 1984); the exponential, gamma, and lognormal
distributions, commonly fit to precipitation data (7odorovic and Woolkiser, 1975;
Neyman and Scolt, 1967; and Biondini, 1976, respectively); and the Weibull
distribution, commonly fit to wind speed data (e. g., Conradsen et al., 1984), all
are in the domain of attraction of the Type T extreme value distribution.

The extent to which the Type I extreme value distribution gives a satis-
factory fit to the empirical (observed) distribution of the maximum value of
meteorological data varies in practice. For instance, Figure 2 provides an ex-
ample of maximum monthly temperature in July at Des Moines, lowa, for
which the fit is not particularly good, especially in the right-hand tail fo the
distribution. On the other hand, Figure 3 shows the distribution of the monthly
maximum of daily precipitation amounts at State College, Pennsylvania, an
example for which the fit is relatively good.

The fact that many meteorological time series are autocorrelated does not
necessarily invalidate the Type I extreme value distribution as an approximation
for the maximum. For example, the type of stochastic processes usually employed
to model the dependence of such variables as temperature (Mearns et al., 1984)
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or wind speed (Brown et al., 1984), known as autoregressive-moving average
(ARMA) processes, still imply the Type I extreme value as the limiting distri-
bution for the maximum. Moreover, a process chosen to model the dependence
of daily precipitation amounts (called a ‘‘chain-dependent process’) has also
been shown to be in the domain of attraction of the Type I extreme value distri-
bution (Katz, 1977a, b).

The effects of the annual cycle (i. e., non-identical distributions) on extreme
value theory are much more complex than those of dependence. Some work has
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been done by Horowitz (1980) in the case of the maximum of hourly air pollution
concentrations to take into account such nonstationarity. See Tiago de Oliveria
(1986) and Buishand (1986) for reviews of extreme value theory that consider
applications to meteorology.

In spite of the everyday citation of weather records, there has been surpri-
singly little application of the theory of records to meteorological problems.
A few papers (Hoyt, 1981; Reitan and Moran, 1977) have dealt with statistical
analysis of weather records, but little explicit use of the theory of records is
made. Some obstacles to the successful application of this theory are present.
For instance, some of the theoretical approximations are not particularly useful
because of the slow rate of convergence. For example, the distribution of the
number of records set is approximately normal, but this approximation is only
relatively accurate for unrealistically large sample sizes. Moreover, some of the
theoretical properties of records are dependent on the assumption of independent,
and identically distributed observations whereas, as mentioned earlier, meteorolo-
gical time series typically possess autocorrelation and annual and diurnal eycles.

Qlick (1978) does show that for both monthly total precipitation and
monthly total hours of sunshine at Vancouver. British Columbia, the average
number ob observed records is quite close to the theoretical expected number.
As another example, consider the relatively long time series, 1820 —1982, of
annual mean temperature at Fort Snelling, Minnesota (Baker el al., 1985, Table
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IT). Record maximums were set in the years 1820, 1821, 1822, 1825, 1830, 1833,
1846, and 1931, making a total of eight. This particular example illustrates how
records are relatively easy to set near the beginning of a time series, but soon
become quite difficult to break as the time series lengthens. An apparent dearth
of records is evident over much of this time series (i. e., only one record set since
1846), at first glance perhaps suggesting a cooling trend or a decrease in varia-
bility. In fact, the total number of records set, eight, is actually greater than
that expected (i. e., slightly less than six), under the assumption that annual
mean temperatures are independent and identically distributed. For sake of
comparison, the expected number of records set is about three for 10 observa-
tions, about five for 100 observations, and about 7 1/2 for 1,000 observations
(Glick, 1978).

With regard to the issue of climate change, Glick observes that records are
much more rare for weather data than for athletic performances (see also Foster
and Stuart, 1954). In the case of athletics, it is clear that for various reasons
(e. g., increased training) the probability distribution of performances is chang-
ing over time (Ballerin: and Resnick, 1985; Yang, 1975). The evidence in favor
of climate change is not nearly as strong, at least as seen in terms of its effects
on records.

Means versus extremes

Most climate impact studies rely on changes in means of meteorological
variables, such as temperature, to estimate potential climate impacts, including
effects on agricultural production. However, extreme meteorological events, for
example, a short period of abnormally high temperatures, can have a significant
harmful effect on crop growth and final yield. Because the relationship between
mean temperature and probabilities of extreme temperature events is inherently
nonlinear, reliance on mean temperature changes essentially precludes any
consideration of extreme temperature events when performing climate impact
analysis. Mearns et al. (1984) illustrate, by concrete examples, the possibility
that potential long-term changes in mean temperature may exert their principal
impacts on the environment and society through changing probabilities of ex-
treme events.

The extreme events that Mearns et al. choose to examine are geared toward
agricultural concerns, particularly the effects of high temperatures on corn yields
in the U. S. Corn Belt (midwestern U. 8.). The results are discussed in terms of
the probabilities of occurrence of these events, so as to reflect changing degrees
of risk of crop damage associated with changes in mean temperature. Extreme
temperature events for the month of July are selected, since it is the month
when tasseling, a particularly temperature-sensitive phenological stage, most
often occurs in the central U. S. Corn Belt. The threshold of 95°F (35 °C) is selected,
because it represents the approximate midpoint of the range of high temperatures
whose exceedance is commonly reported to be harmful to the corn crop during
such a sensitive phenological stage.

Mearns et al. consider the following extreme temperature events:

(1) Day event: Maximum temperature on a given day in July equaling or
exceeding 95 °F (35 °C).

(2) Run event: At least one run in the month consisting of at least five
consecutive days equaling or exceeding 95 °F (35 °C).
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(8) Total event: At least five days in the month (not necessarily consecutive)
equaling or exceed:ng 95 °F (35 °C).

The run event is particularly important, because it is often argued that a
run of hot days would be more harmful to a crop than several hot days inters-
persed with days that have somewhat lower maximum temperatures. A signi-
ficant change in the probability of such runs could have a marked influence on
the productivity and economics of the U. S. Corn Belt.

Mearns et al. consider a base case in which the mean maximum temperature
changes, while holding the variance constant; a negative variance feedback case
in which the variance decreases as the mean increases; and a positive variance
feedback: case in which the variance increases as the mean increases. Figure 4

EVANSVILLE DES MOINES FARGO

Day probability

Total probability
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80 85 90 95 100
Mean maximum temperature

Fig. 4. Probability of day event, total event, and run event as a function of mean maximum tem-
perature at Evansville, Des Moines, and Fargo for base case (solid line), negative variance feedback
case (dashed line), and positive variance feedback case (dot-dashed line). Vertical lines indicate
actual July mean maximum temperature for each station (Source: Mearns et al., 1984, p. 1609).
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shows the event probability curves as a function of the mean for these three
locations; Evansville, Indiana, Des Moines, lowa, and Fargo, North Dakota.
As the mean increases, all the curves necessarily increase nonlinearly from an
asymptotic lower limit of zero to an asymptotic upper limit of one.

These examples show that there can be practically significant shifts in the
probability of extreme high-temperature events with seemingly little change in
mean temperature. For instance, the likelihood of occurrence of the run event
under a 3 °F (1.7 °C) increase in the mean, holding the variance constant, is
about three times greater than under the current climate at Des Moines (a pro-
bability of 0.062 under current climate versus 0.206 in base case). Moreover,
this probability changes even more if the variance is allowed to change simultan-
eously with the mean (a probability of 0.118 in negative variance feedback case
and 0.232 in positive variance feedback case). It should be noted that Mearns
et al. also consider the effects of changes in autocorrelation of the time series
of daily maximum temperatures on the probabilities of extreme temperature
events.

These changes in the probabilities of extreme high-temperature events
could have important implications for crop yields, energy demand, and animal
or human morbidity and mortality. Hence, such probability changes need to be
taken into consideration in order to obtain realistic estimates of the impact of a
climate change. These results have direct implications for climate modelers
since they demonstrate the need to establish, not only what changes in mean
temperatures are expected, but also what will happen to the variance.

Inferences about variability

Statistical analysis of climate data or of the output of climate experiments
using general circulation models (GCMs) commonly has been concerned with
the problem of estimating differences between location parameters (e. g., means
or medians). To take into account the manner in which an atmospheric variable
is distributed about a location parameter, differences between scale parameters
(e. g., variances or interquartile ranges) also need to be estimated. In many
applications, the potential impacts of changes in climate variability may be as
great or greater than the impacts of any changes in climate means. Further,
decisions concerning what strategy to take under a change in a climate mean
cannot be made without an assumption about how climate variability would
change. It is ordinarily assumed, by default, that the level of climate variability
would remain the same. Katz (1988) considers in detail this question of how to
make inferences about climate variability.

The problem of estimating changes in scale is more difficult than that of
estimating changes in lncatlon, especially when working with real or simulated
atmospheric time series. Because such time series are autocorrelated, the con-
ventional definition of scale as simply the variance of a random variable has
some drawbacks. In attempting to devise a meaningful definition of climate
variability, several questions arise. Viewing a real or simulated time series for an
atmospheric variable as a realization of a stochastic process, variability could
refer to the variance of the process or to the variance of a time average of the
process. If the data were generated by an independent process, then the time
average variance would be directly proportional to the process variance. Because
real or simulated atmospheric time series are autocorrelated, there is no simple

30



relationship between the time average vairance and the process variance. Instead,
the time average variance depends on the extent of the autocorrelation as well
as on the process variance (e. g., Jones, 1975).

The concept of an underlying uncorrelated process is relied on in modeling
the dependence over time of an atmospheric variable. Thus, it is natural to consi-
der the variance of this underlying process. called the “innovation variance’”,
as one alternative to the variance of the original process for representing climate
variability. Roughly speaking, the innovation variance can be thought of as the
variation of the process that still remains after variation attributed to past values
of the process is removed. A definition of intrinsic variability based on ““prew-
hitening’” the data is advocated by Katz (1988). This approach requires fitting
a parametric time series model, say a p'"-order autoregressive process (see Kalz
and Skaggs, 1981), to the data. Then the fitted model is used to obtain residuals
that are approximately uncorrelated. The definition of climate variability
refers to the variance of the corresponding theoretical errors (or innovations),
for which the residuals are estimates.

A second problem arises because atmospheric variables, at best, have
distributions that are only approximately normal in shape. Although tests for
changes in means are not particularly dependent on the normality assumption,
standard tests for changes in variance are extremely sensitive to departures
from normality. In fact, Box (1953) has suggested that one particular test for
equality of variances could be better used as a test for normal distributions.
In another context, he has commented that making the standard test for equality
of variances is ‘‘like putting to sea in a rowing boat to find out whether condi-
tions are sufficiently calm for an ocean liner to leave port!” (Box, 1953, p. 333).
Nevertheless, tests for changes in climate variability have relied on such proce-
dures; for example, Chervin (1980) and Hayashy (1982) have applied the F-test
for the equality of two variances to GCM simulated data.

In the case of an independent sample, several techniques have been proposed
to correct for departures from the assumption of a normal distribution when
making statistical inferences about variances. Davis (1977, 1979) has shown that
some of these robust procedures for making inferences about variances still have
the same asymptotic when applied to prewhitened data. With this theoretical
justification, Katz (1988) applies one of the simplest of these so-called °‘robust”
procedures to prewhitened simulated atmospheric data. This ‘‘standard error”
technique involves an adjustment taking into account how the observed kurtosis
(‘‘peakedness” or ‘‘flatness”) differs from that for the normal distribution.
To demonstrate the application of this procedure, Kaiz (1988) uses daily mean
temperature time series from GCM control runs, testing whether summer tempe-
rature variability differs from winter temperature variability. Wailson and
Mitchell (1987) have also applied the same procedure to compare climate varia-
bility simulated by a GCM with observed climate variability.

Other more complex procedures, such as the so-called ‘‘jackknife’” (Miller,
1968) or the ‘‘bootstrap” (Hfron, 1982) could be used instead of the simple
standard error technique. The jackknife involves systematically deleting data
from the sample, say one value at a time, computing the statistic (e. g., the
logarithm of the sample variance) for each subsample, and then combining
the subsample statistics into one overall estimate. The bootstrap is based on a
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resampling scheme that differs slightly from that for the jackknife. Such proce-
dures would be potentially more powerful in detecting changes in variability,
but would require additional effort to implement.

Decision malking

It is common practice to design for extreme geophysical phenomena by
defining an event in terms of a threshold which is exceeded with a fixed small
probability (e. g., 19, chance). For instance, flood plain regulations are often
based on the socalled 100-year flood. But what is the rationale for such a pro-
cedure? The question of how rare event to design for is essentially a problem,
in economics and falls within the realm of the field or decision theory. Moreover,
there is the related issue of how best to estimate the probability of an extreme
meteorological event (or equivalently, the extreme threshold corresponding to
a fixed probability) from the available historical climate data base. Should a
record that is as long as possible be relied on or should the relatively recent
record be used? The first option would clearly produce the most precise proba-
bility estimates if the climate were not changing, whereas the second option
would have the advantage of adjusting more rapidly to a possible climate
change. The resolution of such an issue can again be based on a decision-analytic
approach.

Decision analysis is concerned with the problem of how best to make deci-
sions given the information available (generally imperfect) about events of
interest. Formally, a decision maker (e. g., a farmer) is faced with the task of
selecting an action to be taken from a set of possible actions (e. g., plant one
type of crop or plant another type of crop). The economic consequences of
these actions are dependent on events (e. g., drought or no drought) about
which the decision maker has available some sort or information specifying their
likelihood of occurrence. The decision maker needs a criterion for selecting the
action to be taken. One such criterion is to choose the action having the greatest
expected economic return (or more generally, maximum expected utility). Such
expected returns are determined by weighting the possible consequences by the
probabilities of occurrence of the corresponding events.

A review of decision analysis in the context of information about weather
and climate is given by Winkler and Murphy (1985). This decision-analytic
approach has been employed to determine the optimal actions to be prescribed
for decision makers who have imperfect weather or climate forecasts available.
For example, Katz et al. (1982) have studied the problem of an orchardist’s
decision concerning whether to protect fruit trees against possible damage due
to extreme low temperatures given a forecast of the nightly minimum tempera-
ture. Further, Brown et al. (1986) have studied the problem of a farmer’s decision
concerning whether to plant spring wheat or to let the land lie fallow given a
forecast of growing season precipitation.

The same type of methodological approach could be applied to the issue
of how best to estimate the likelihood of extreme meteorological events. In
theory, a decision maker could choose among different estimates of the proba-
bility of an extreme meteorological event on the basis of which estimation pro-
cedure leads to maximizing expected return. Although there have been calls
for revising climate normals and other statistics to reflect the shorter, most
recent time period in the light of possible climate change (T'odorov, 1985), several
examples suggest that this approach is not necessarily the best.
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The West African Sahel has experienced a long run of dry years starting
about 1970 (Lamb, 1982), whereas rainfall was abnormally high during the
immediately preceding time period of the 1950s and 1960s (Figure 5). Conse-
quently, if in 1970 the rainfall normals had been based on a short time period
(say, 1950 —1970) rather than the entire record, these normals would have
differed to an even greater extent from the rainfall actually observed during
the 1970s and 1980s. Another example is the allocation of water in the Colo-
rado River Basin in the United States. On the basis of a relatively short peri-
od of streamflow records, water rights were allocated between the upper and
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lower basins in 1922. A subsequent study (Stockton and Jacoby, 1976) recon-
structed a longer historical record of streamflow using tree rings. This study
established that the streamflow data on which the water compact is based
constitutes a period of unusually high flow.

Both of these examples suggest a fundamental quandary concerning the
best way to estimate the likelihood of extreme meteorological events. On the one
hand, if the climate is indeed changing, using a long prior record to estimate
these probabilities would provide precise, but misleading, statistics. On the .
other hand, using a relatively short prior record would likely miss some of the
natural climate variability and provide at best an imprecise estimate.

Concluding remarks

Difficulties in applying the theory of extreme values and of records to
meteorological events have been reviewed. In particular, reasons have been
given for the relative lack of attention devoted to certain aspects of this theory
by meteorologists. The need to consider possible changes in the variability of
climate, as well as changes in means, has been demonstrated by recourse to an-
example that deals with the likelihood of extreme high temperature events.
Why it is inherently more difficult to draw statistical inferences about variances,
than about means, is explained. It is suggested that a fundamental quandary
concerning the best way to estimate the likelihood of extreme meteorological
events can be resolved by relying on the theory of decision making.
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Although the theory of extreme values is relatively well developed, it
remains successfully integrate this theory with a realistic treatment of meteorolo-
gical applications. Such an integration would be required in order to provide
the most reliable, as possible, estimates of the likelihood of extreme meteorolo-
gical events. It would also be helpful in attempts to detect changes in climate,
as reflected by extremes.
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Elemental ratios related to selenium and
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Samples of atmospheric aerosol particles collected at rural sites of Hungary
were analyzed for 20 elements by proton-induced X-ray emission (PIXE) method.
Selenium and vanadium related concentration data for selected trace elements sometimes
used as elemental tracers in characterizing regional aerosols were deduced and compared
with data from Rahn (1981, 1984) and Dutkiewicz (1987). Consclusions were drawn
from these elemental ratios on the character and effect of regional aerosols.

*

Szelénre és vanadiumra wvonatkoztatott elemardnyok, mint a légkdri aeroszolok
regionalis jellemz6i Magyaroszag folétt. Magyarorszagi hattérteriileteken gyGjtott lég-
kori asroszol részecske mintakat 20 elemre kiterjed6 analizisnek vetettiik ala, proton-
gerjesztéses rontgenemisszié (PIXE) mdédszerrel. Meghatdroztuk néhany nyomelem
szelénre és vanddiumra vonatkoztatott koncentracidjat, amelyeket gyakran alkalmaz-
nak elemi nyomjelzéként a regiondlis aeroszolok vizsgilataban. Adatainkat Gssze-
vetettiitk Rahn (1981, 1984) és Dutkievwicz (1987) hasonlé adataival. Az elemi aranyok-
bdl kévetkeztetéseket vontunk le a regiondlis aeroszol jellegére és hatasara.

1. Introduction

The question of existence and tracer power of regional elemental charac-
teristics in atmospheric aerosols has received increasing interest recently. A place-
-to-place variation of elemental ratios may be caused by the variation in charac-
teristics of local industrial activity, transportation and structure of energy
sources. The usefulness of elemental ratios in tracing long range transport of air
masses is strongly influenced by the level of their stability against aging during
transportation.

The investigation in this field is mainly done through systematic evaluation
of data for trace element concentrations taken by different groups all over the
world.

Pioneering work in finding reliable elemental signatures was made by
groups in the United States. Thus, it was found by Rahn (1981) that elemental
ratio of non crustal components Mn* and V* represents a regional fingerprints
well applicable in searching for the possible sources of pollutant aerosols in the
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artic air. As deduced from existing elemental concentration data, different
areas of the Northern Hemisphere are characterized by M»* |V* ratios concentra-~
ted in the Mn* — V* plane according to their geographic locations. In his work
Rahn stressed that no data were found for his compilation from Middle and
Eastern Europe. Some selenium related concentration ratios were checked by
Rahn and Lowenthal (1984) as possible regional fingerprints. Frequency distri-
bution curves taken at different sites were treated as possible tools for charac-
terizing aerosols from different regions. The background station of the Hunga-
rian Meteorological Service at K-Puszta was used as one of their sampling sites.

In a paper of Dutkiewicz et al. (1987) vanadium related concentration
ratios were successfully used for characterizing aerosols from selected regions
of USA with different structure of energy sources. As clearly indicated by their
data vanadium and selenium related elemental ratios for some elements show
order of magnitude differences between coal and oil combustion areas like
Ohio River Valley and West Haverstraw, respectively. ‘

In the above investigations concentration data have been obtained by
using atomic absorption spectrogcopy (AAS) and instrumental neutron activa-
tion analysis (INAA). Both methods provide excellent detection limits from
30 to 0.005 ng/m® for a number of trace elements. However, special sample
preparation needed for each element in the former case and the need of repeated
measurements of delayed gamma-radiation within a period of a few months
in the latter one makes the analytical procedure quite time consuming.

The aim of the present investigations was to contribute with local data to
answering the question to what extent concentration ratios of selected pairs
of trace elements are characteristic to aerosols originating from a specific geog-
raphic site.

2. Methodology

In the present work atmospheric aerosol samples were collected at rural
sites of Hungary like K-Puszta and Farkasfa during a whole year in
1981 /82. The samples were subjected to PIXE analysis. In a recent series started
in autumn 1987 similar samples are being collected at K-Puszta aiming at a
more complete investigation. The majority of the samples were taken at K-
-Puszta, which is located nearly at the center of Hungary between the rivers
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Danube and Tisza, about 70 km SE of Budapest. The closest town of 100 000
inhabitants is about 10 km SE, and an steelmill is 50 km west of the station.
The closest paved road with very low traffic density and the 5-E motorway
are 3 and 5 km in NE, respectively. The whole area is slightly populated with
small villages and farms. In order to average out possible effects from the imme-
diate neighbourhood of the sampling site, use was made of samples taken at
Farkasfa, which site is located at the western part of Hungary in the Orség
National Park, about 7 and 4.5 km from the Austrian and Yugoslavian borders,
respectively. The closest towns with 50 000 and 250 000 inhabitants are in the
distances 40 km E and 70 km W in Hungarian and Austrian territories, respecti-
vely. The closest road with moderate traffic density is 9 km in northern direction.
Vienna and Budapest are 180 km NW and 250 km NE, respectively. The area
is populated with small villages separated with hills and forests.

' Integral sampling was performed using Nuclepore filters of 0.4 um pore size,
with 1.5 cm? exposed area. The sampling time was typically 24 hours with
sampled air volume varying between 2 and 8 m?. ‘

The samples were subjected to PIXE analysis for obtaining elemental
concentrations of the constituents of the samples.

. Proton induced X-ray emission process reviewed in a recent paper of
Koltay (1988) offers a fast, non-destructive and reliable multielemental micro-
analytical method. As shown in Fig. 1 it gives detections limits between 100 to
1 ng/m? smoothly varying for elements between aluminium and lead. The limi-
tation set by detection limits higher than those in AAS and INAA methods is
much compensated by the speed of deducing a consistent set of absolute concen-

TABLE 1.

Results of PIXE analysis on 1981/82 aerosol samples. (C) = average concentrations (ngm?®), o =
geometric standard deviations, E; = enrichment factors related to titanium

a Year Winter Summer

Ele

ment ni'4 Y S

<C>Y g Eg (O o 0N (C)g o E;

1
Al 291 (2.3) 0.60 232 (2.0) 0.61 317 (2.4) 0.56
Si 703 (2.3) 0.38 491 (2.1) 0.35 838 (2.3) 0.40
P 169 (1.9) 40.2 144 (1.9) 44.5 183 (1.9) 37.8
S 1940 (1.8) | 1940 1682 (1.9) | 2184 1970 (2.3) | 1712
Cl 16.8 (2.4) 28 16.5 (2.4) 35.7 17:1 (2.3) 24.7
K 230 (1.8) 2.15 214 (1) 2.6 240 (1.9) 1.9
Ca 368 (2.3) 2.3 246 (2.2) 2.0 458 (2.2) 2.5
£y 20 (2.3) =1 15.4 (2.3) =1 23 (2.2) =1
v 3.85 | (1.7) 8.9 4.4 (1.7) 14.7 3.0 (1.8) 6.8
Cr 11.6 (1.6) 38.7 10.8 (1.4) 46.7 12.2 (1.7) 35.3
Mn 11.4 (1.9) 2.85 10.567 | (1.9) 3.45 12 (1.8) 2.6
Fe 267 (2) 1.1 228 (1.9) 1.2 291 (2) 1.0
Co 1.45 | (1.8) 9.35 1.03 | (1.5) 8.7 1.6 (1.9) 9.1
Ni 1.42 | (1.8) 5.55 1579 NCL.T) 9.1 1.2 (1.8) 4.2
Cu 7.50 |(1.9) 34.5 7.63 |(2.0) 45 7.5 (1.8) 29.5
Zn 36.4 (2.1) 151.7 42.8 (1.8) 232" 34 (2.2) 123
As 4.0 (2:1) 645 5.4 (2.1) { 1129 2.8 (1.8) 387
Se 1.356 |(2.1) | 4218 1.0 (1.9) | 4062 1.5 (2.1) | 4000
Br - - — - — — 4.2 (1.9) 379
Pb 34.8 (1.9) 756 36.4 (1:7) | 1016 33.7 (2.0) 634




tration data for all the constituents of the sample above Z~12 from a single
X-ray spectrum emitted under proton bombardment. The concentrations of
elemental constituents Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Br and Pb were deduced from the computer evaluation of the spectra.
The results of the earlier set of measurements were treated in detail in the paper
of Borbély — Kiss et at (1988). As an illustration the geometric year by, winter
and summer concentration average data for the observed elements are gathered
in Table 1 together with the respective geometric standard deviations and tita-
nium related enrichment factors. In the series of present measurements similar
data are being collected with the same technique. At present, the data from
1987 /88 include contribution only from the summer half — year. Both data sets
were recently subjected to a re-evaluation in terms of regional signatures aiming
at a direct comparison with the results obtained by the groups of Rahn (1981,
1984) and Dutkiewicz (1987).

3. Results and conclusions

The results obtained from the evaluation of both sets of experimental
results can be presented as follows.

— The few ng/m?® detection limits of PIXE compared to the low concentration
level of selenium in aerosols results in a high error in absolute selenium
concentration. However, the reliability of selenium related signature values
is enhanced by the fact, that they are deduced from a consistent set of
elemental concentrations obtained from a single irradiation of the sample.
Better accuracy is achieved for vanadium related signature values. This
means, that PIXE turned out to be an effective tool for the investigation
of regional signatures in aerosol samples.

—  Our measured values contribute to information from Eastern Europe and
consequently to the worldwide material published in this field; such data
were not available earlier.

— The compilation of widespread M=n* [}V * data mentioned above and their
comparison with those obtained in the Artic led Rain (1981) to the con-
clusion, that artic air has been influenced by a previously unrecognized
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precursor with a very high Mn*|V* ratio — probably higher than all Eura-
sian data published earlier — transported from an eastern European region.

; In this respect, the presentation of Hungarian data seems to be very im-
portant. In Fig. 2 the Mn*|V* scatter diagram taken from Rakhn’s paper
(1981) is completed with measured points from our 1981/82 data set.
The scatter of experimental data covers a broad interval of Mn*[V* ra-
tio, the centroid representing the geometric means of Mn* and V* con-
centrations is close to the signature value 2.0 + 0.5 found as western European
average. These data together with our frequency distribution histograms
for elemental ratios were treated in the paper Borbély-Kiss et al. (1988)
as an argument against a strong regional contribution to the artic pollution
aerosols.

— Three sets of frequency distribution histograms for selenium related regional
signatures measured on samples from Hungarian sampling sites are compared
in Fig. 3. The first curves were measured by Rahn et al. (1984) with INAA
method on samples collected during fall and winter 1981/82, second and
third curves were measured by us with PIXE method, during a whole
year in 1981/82 and during summer half of the years 1987/88. Differences

V*/Se Zn/Se
0ii=
Rahn (1984) Rahn (1984)
5 I AAS AAS
10 1 P2
1981/ 1982 1981 /1982
St PIXE PIXE
/
10
s 1987/1988 1987 /1988
5E PIXE ’ PIXE
@7%71 ¥ P7a oy ;
1 10 100 1 10 100
Mn*/Se As/Se
‘|0 = g -
Rahn (1984) Rahn (1984)
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7 7
‘]0 = =
1981/1982 1981/ 1982
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M?F‘ % 22 %77
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Concentration ratio -Concentration ratio

Fig. 3. Frequency distribution histograms for selenium related elemental signatures in samples
¢ collected at Hungarian remote sites (the ordinate gives the number of cases).
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TABLE 2

Selenium related geometric mean elemental signatures and geometric standard deviations in aerosol
samples from Hungarian sampling sites

Present work Rahn, 1984

hacar 1981/82 1987/88 1982

year summer I ar

data

average

V*/Se 2.29(1.7) 2.62(3.3) 5.20(1.3)
Mn*/Se 4.90(2.4) 8.70(2.5) 8.90(1.8)
Zn/Se 30.0 (1.7) 30.15(2.1) 48.0 (1.1)
As/Se 4.60(2.1) 5.58(2.8) 8.90(1.4)

in the shapes may be caused by three reasons, namely by systematic errors
in the used analytical methods, by seasonal effects and long-term variation
of regional elemental ratios. The similarity in curve shapes is still convinc-
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Fig. 4. Frequency distribution histograms for vanadium related elemental signatures in sample
collected at Hungarian remote sites (the ordinate gives the number of cases).
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ing. Geometric mean values and mean geometric standard deviations are
compared in 7T'able 2. While there appears a systematic difference between
PIXE and AAS data, the combined methodical, seasonal and long term
variation effects are within geometrical standard deviation.

' Y - —-=-49
10 W r———%J——-‘
ol
5 b
0
15k
*
10} Ni /v
5 b
0
10
e 1
sl Mn™/V
0
15 ¢
* s}
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0
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0
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a
5 S
Se/V ™
U o im——
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ST e A U 1 R I S T T 77 L T
1072 107 1
Concentration ratio
Concentration ratio for Dutkiewicz et gl (1387
' earth s crust n  coal ! Rl
q oerosol sample B ol ekt area

non-crustal
Q aerosol components

Fig. §. Frequency distribution histograms for vanadium related elemental signatures and seasonal
average data. Crustal and aerosol ratios together with corrected data for non-crustal contribution
are indicated by arrows according to the notations shown in the inset. Typical US data for coal
combustion (ORV) and oil combustion (WHS) areae taken from the paper of Dutkiewicz et al (1987)
are shown by full and empty squares, respectively (the ordinate givel the number of cases).
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The same test has been performed for vanadium related regional elemental
ratios; frequency distribution histograms for our old and new data sets
have been compared. Complete agreement can be observed between the
respective histograms in Fig. 4.

Frequency distribution histograms for vanadium related regional signatures
constructed from data set of the whole year 1981 /82 are shown in Fig. 5.
Seasonal behaviour is shown by average data points and standard deviation
bars with notations Y (year), W (winter) and S (summer). The sensitivity
of a selected elemental ratio for antropogenic sources is related to its
difference between crust samples and sampled aerosols, and an additional
effect is due to the correction for non-crustal components in the aerosol.
The corresponding values are shown in the figure with full, hatched and
empty arrows, respectively. Average aerosol concentration ratios for ele-
ments 1 and 2 are given as

(Ol/Oz)aer o (Fl/F?) = (01/02)soil;

where F are the enrichment factors calculated on the basis of titanium as
purely crustal constituent. Non-crustal concentrations are given as

C’1#, aer = Vg, aert OTi, aer(Ol/CTi)soil-

A wide variation was found by Dutkicwicz (1987) in the above parameters
for geographic regions in USA predominantly characterized by coal-fired

TABLES 3

Vanadium related geometric mean clemental signatures and geometric standard deviations in Hun-
garian aerosol samples from sampling sites and from US sites of different combustion character (ORV =
Ohio River Valley, coal combustion area, WHS = West Haverstraw, oil combustion area)

Present work Dutkiewicz et al. (1987)
1981/82 1987/88 1987
Tracer N
year e ORYV, coal | WHS, oil
SUSLOCE summer '
average combustion area
Mn*/V* 2.72(3.2) 3.70(3.2) 3.84(3.2) | 10.0 (2.3) 0.22(2.0)
1.63(3.2)
L 0.48(2.0) :
* * —_ -
Ni*/V 0.46(2.3) 0.45(5.5) 0.96(2.4)
. 1.93(2.7) gekeiliy
¥ * r 2 e
Cu*/V 3.39(2.6) 5.01(2.0) 1.70(2.5)
i - . 11.60(2.6) i : ; '
*
Zn|V 17.6027) | g3'gn(agy | 1250(2:9) | 26.0 (1.9) 1.00(2.4)
As|V* 1.78(3.5) figzgg; 1.31(3.7) 1.20(1.7) 0.03(4.1)
Se/V* 0.83(3.0) %) 0.53(2.7) 2.30(1.6) 0.03(2.1)
: . 11.50(2.2) I
Ph/V* 16.9024) | 51'nag) | 14:323:2) - =
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and oil-fired power plants, their corresponding signature values are shown
here by empty and full squares, respectively. From a direct comparison
with our histograms we found that the signatures in Hungary reflect the pre-
dominance of coal combustion character of the aerosols. The case on
Mn*|V*is less convincing, the limitations of M»n*[V* as a tracer have beer
treated in detail by Husain et al. (1984). Geometric mean data for ouf
measurements are given in 7'able 3 together with those from Dutkiewicz et al.
determined for the Ohio River Valley (ORV) and West Haverstraw (WHS).
There is a general agreement between Hungarian data and ORV data for
the ratios indicated. Our results show much similarity with Ohio River
Valley data from Shaw and Pawr (1983), as well as with French data for
Gardanne (Grimalds et al., 1988).

Our results are in full accordance with the structure of energy sources
in Hungary; the contribution of coal fired electric power plants to the total
electric power generated in the country by non-nuclear power stations amo-
unts to 52%, while oil fired plants contribute 11%, only. The third component
of 379, represents the capacity of natural gas combustion stations with
insignificant emission of vanadium. No corresponding data were found in
the literature for the ratios Cu*|V*, Ni*/V* and Pb|V*. Elemental signa-
tures Pb/V* may be of importance in measurements on environmental
effects of car exhaust. Lead as general pollution element might also be
considered for the denominator in a new set of elemental tracers.

The applicability of elemental signatures in tracing air masses is strongly
influenced by their stability against aging during long range transport. This effect
sometimes checked through their variation as a function of transport distance
(on a scale of a few hundred kilometers) is a subject of our present investigations.
We try to deduce some conclusions in this respect from the analysis of size
digtribution curves for the respective pairs of elements.
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Drought indices in meteorology
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Proper quantification of drought events is required for either their comparative
spatial and temporal evaluation or for relevant predictability studies. Drought indices
appear to be the simplest tools in drought analysis. The objective of this paper is to
collect more or less popular” indices, and to compare them as to their theoretical
and numerical effectivness. Indices are classified into four groups: precipitation indices,
supply/demand (water balance) indices, soil moisture indices, and "'recursive” indices.
For each group, a few typical expressions are given and analyzed for their performance
and comparability. Some empirical relations are established among the different
indices. Those indices proved to be of highest utility in the delineation of meteorologi-
cally determined droughts which possess “"memory” that is which actual values
depend also on preceding values of the related meteorological elements. Such indices
are the soil moisture, and Bhalme —Mooley or Palmer indices. Results are illustrated
for.some.recent.drought.events.in Hungary.

s

Aszalyindexek a meteoroligidban. Mind az aszilyos idészakok teriileti és idébeli
dsszehasonlitdsdhoz, mind eldrejelezhetéségiiknek vizsgalatihoz szitkséges e jelenségek
megfeleld szimszertsitése. Az aszilyok vizsgilaténak a legegyszertibb eszkdozei a kiilon-
féle indexek. E tanulmény célja a tobbé-kevésbé ismert aszalyindexek dsszehasonlitdasa
mind az elméleti, mind a szdmszertisithetd hatékonysiguk szempontjabél. Az indexeket
négy tipusba soroltuk: csapadékindexek, vizmérleg-indexek, talajnedvességi indexek,
és ,,rekurziv” indexek. Minden egyes csoport néhdany f6bb indexének alkalmazhato-
sagat, illetve az indexek Gsszefiiggéseit elemeztitk. A meteorolégiailag meghatarozott
aszdlyok lefrdsaban azon indexek bizonyultak a leghatékonyabbnak, amelyeknek
bizonyos ,,meméridja” van, azaz aktudlis értékiik a megel6z6 id6szak meteorolégiai
elemeinek az alakulasitol is figg. Ilyen index a relativ talajnedvesség, a Bhalme —
Mooley és a Palmer-index. Az eredményeket az elmalt évek konkrét adataival illusztral-
juk Magyarorszag kiilénbozé teriileteire vonatkozoan.

1. Introduction

"There is a strong desire to develope indices for all
factors in nature and society.... If it is properly
formulated, if its limitations are recognized ... then
an index can be very useful. Its misuse and misinter-
pretation, however, may lead to the development of
policies that are inappropriate for combatting environ-
mental and societal effects of droughts. In particular,
there should not be an overreliance on any single
index to monitor droughts.” (Katz and Glantz, 1986;
p- 770)
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Among the extreme meteorological events, droughts are possibly the most
slowly developing, often have the longest duration, and probably are the least
predictable of all atmospheric hazards. Due to these characteristics, parti-
cularly their temporal character, droughts cannot be compared with other
weather and climate extremes such as floods, hurricanes, lightening hail, cold,
winter stroms, frosts or windstroms, which also significantly contribute to
a nation’s annual loss due to weather (Riebsame et al., 1986). Because of their
peculiar character, droughts deserve great scientific investigation. The problem
involves a large number and variety of definitions, indicators, indices and met-
hods of evaluation. As a consequence, almost all agrometeorologists, clima-
tologists and agronomists engaged in this field have their own time series,
methods and conclusions about the characteristics of drought episodes, even
for the same regions.

Drought is considered as one of the man’s worst enemies (W MO, 1975),
because of its potential to continue for a long time over a large area and to
have long-lasting effects. It expresses some sort of imbalance, arising from either
extraordinary climatic variations or human activities (overconsumption of
water, overgrazing and soil erosion, migration of population to places with
insufficient water resources etc.). This dual character of the drought concept
is stressed by Kraws (1977, p. 1009) who states that ‘“by definition droughts
are anomalies-deviations from a rainfall regime to which people, plants and
animals have adapted as the local norm.”

In spite of its special character (severity, recurrence, spatial pattern),
societies — even those that are regularly affected by this hazard — fail to
effectively adapt themselves to this adverse phenomenon. One of the typical
causes is the short-mindedness: “with a return to above-mean rainfall levels,
interest in dealing with the chronic (Sahelian) problems (revealed by the drought)
will dissipate” (Glantz and Kalz, 1977; Lamb, 1982). Moreover, adjustment
is rather costly and the cost/loss ratio can hardly be assessed. Similar problems
repeated during the recent drought incidences in sub-Saharan Africa (Glantz
and Kalz, 1985). As regards our region, we note that a new research program
has been initiated recently in Hungary, following a four-year period of drought
(1983 —86) in various regions of the country. Of course, the main purpose of
investigations of droughts, be of regional or large-scale extension, is the develop-
ment of forecasting methods. In this relation, only some success can be mentio-
ned, e.g., for the subtropical area, which is based on the El Nifio —Southern
Oscillation (ENSO-) related processes (Bhalme et. al., 1983 ; Bell, 1986).

From a scientific point of view, the concept of drought is ambiguous.
Some of the reasons for this problem are: (1) the water/moisture deficit may
occur in the atmosphere, in water basins, in the hydrosphere, in the soil in
accordance with the multistate and multiphase character of the water cycle;
(2) the complexity of causes leading to a particular form of drought; (3) the
regionally relative nature of drought (i.e., its significance depending on the
local water supply/demand relations); and (4) the differential effects of water|
moisture shortages on various natural and socioeconomic processes.

~ It is obvious that any form of drought originates from precipitation deficits,
and that all other aspects of droughts are related to these inadequate precipi-
tation amounts. But, a hydrological drought can occur even if anomalous
rainfall was observed in the distant catchment area of the rivers. This emphasizes
the need for the complex analysis of the areal and temporal characteristics
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ordifferent forms of drought. Moreover, while there are special disciplinary
fequirements in drought investigations, the various approaches to and the
related definitions of drought may not be separated. As Wilhite and Glantz
(1985, p. 6) note: “Although it is useful to compartmentalize the various views
of drought, the boundary separating these views is often vague.” Not even the
concept of meteorological drought can be isolated and analyzed in a ,,pure”
form; it is closely related to the incidence of hydrological, agricultural and other
droughts. Varga-Haszonits (1985) also points out the differences and similarities
among the approaches of various scientists to droughts. Thus, the meteorological
analysis should encompass the extended idea of meteorologically determined
droughts.

Our goal was to collect a set of “popular” indices for droughts for a few
months or longer, and to compare their theoretical and practical advantages,
limitations, interrelations, and numerical effectiveness. These investigations
showed only limited agreement among the drought/moisture indices. Actually,
that agreement is a direct consequence of both the relative nature of drought
and the related specific characteristics of all droughts and indices. It has teen
revealed that the highest performance can be achieved by such recursive indices
as for instance, the Palmer-index. In areas, where soil moisture measurements
or its reasonably good estimations are available, the respective (soil drought)
indices are more advantageous.

The analysis concerns the meteorological and the ‘“meteorologically deter-
mined” droughts. More exact estimations could be made by means of more
specific (e.g., plant-specific) indicators of moisture deficiency, taking into account
the particular timing and regional extent of water demand during the consecutive
developmental stages of plants of plants or for different forms of socioeconomic
activities.

2. Drought definitions and the introduction of indices

There are many conceptual definitions of drought in the scientific literature.
Quite a few of these definitions have been reviewed by Wilhite and Glantz (1985),
by Andreeva and Sazonov (1987), Girskaya and Sazonov (1979) and by the WMO
(1975), but according to the authors of the first work (see also Sadowski, 1984
and Bagrov, 1986) the lack of a precise (and objective) definition of drought can
be an obstacle to understanding this phenomenon.

Meteorological drought is often identified with atmospheric drought and
defined simply with below mean precipitation amounts, sometimes combined
with parameters of air temperature, humidity and wind velocity. This type of
apparently oversimplified definition is reported by Sadowski (1984): “Atmos-
pheric drought, with rainfall deficit in comparison to normal values.” Similarly,
Bell (1986) notes: “drought. .. is the unfulfillment of expected rainfall.” As a
matter of fact, the general term drought is not identical to precipitation deficit,
but rather it is usually the consequence of below-normal precipitation (Oladipo,
1985). These attributes have been quantified in a more general drought definition
given in WMO (1986, p. 2) that relates all other forms of drought to the precipi-
tation deficit: “Drought is by definition a sustained, regionally extensive,
deficiency in precipitation. .. All other definitions of drought are related to the
effect or impact of below normal precipitation on agriculture, water resources,
social and economic activities.”” More precisely, atmospheric drought is a stale
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of the atmosphere (not an instantaneous but an integrated state for a longer
period of time) that results in less than average (for that peirod) precipitation
amounts and/or below normal atmospheric humidity. Other authors extend the
concept of meteorological drought to soil droughts. Indeed, the soil moisture
balance is closely connected to the atmospheric processes in terms of recharge
into and loss water from the surface layer of the soil. Thus, the low precipitation,
high temperatures and consequently low air humidity may cause the soil to
dry out. Nevertheless, soil drought is a specicif form of this phenomenon, which
is closely but not exclusively controlled by meteorological processes.

Agricultural drought occurs when the available soil moisture is inadequate
to meet the evaporative demand by crops. This deficiency may result either
from an unusually low moisture supply or an unusually high moisture demand
(WMO, 1975). For its numerical analysis, all the abovementioned parameters
of the atmospheric and the soil dryness/wetness can be used, though relevant
agrometeorological studies must be plant-specific. Some compromise can be
achieved if the meteorological approach is refined to account for the plant-
specific time period (vulnerable stages of plant development in regard to the
water availability), or the depth of the actual root zone in the case of soil moisture
evaluations.

Hydrological drought refers to a period of below-normal streamflow and
depleted reservoir storage, and it can also be treated as a meteorologically
determined phenomenon. A similar definition is given by Das (1983). From
a meteorological standpoint, the snow accumulations in the catchment areas, the
runoff term in the surface water balance, or the potential evaporation for a
specific case are of significance.

For scientific analysis, the different types of droughts are usually quantified. For this purpuse
various indices are introduced.

In the past, the concept of dryness/wetness was primarily developed for studies of the geog-
raphical distribution of climates, or the determination of climate zones. Numerical indicators
of moisture availability introduced for the characterization of climatic zones are termed “aridity
indicas”. Aridity expresses a relatively psrmanent state of climate. Drought is a “shorter-term”
phenomenon. Moreover, drought means a moisture deficit relative to the local (climatically and
ecologically/socially established) average moisture balance. Therefore, aridity indices must be used
with proper care for drought studies. In other words, the intensities of drought incidence in various
parts of the world can be compared only if the corresponding anomalies are normalized in relation
to local expected conditions. Indices have been specially developed for drought analysis. Various
indices are used, depending on the purpose of an investigation (whether persistence, intensity or
recurrence is in question) or on the availability of meteorological data.

The above mentioned disciplinary aspects of drought studies also affect the choice and the
utility of indices. From a meteorological standpoint, the different types of droughts can be deline-
ated by means of meteorological parameters in a wider sense (parameters of the state of the atmosp-
here.”in itself”, and those which have significant effects on the agricultural or hydrological water
balance through evaporation or evapotranspiration, and, in turn, through available soil moisture
amounts or levels in water reservoirs, ete.).

3. Drought indices

3.1. Indices of cumulative precipitation anomalies. All forms of drought
are related to some antecedent and relative precipitation amounts for a time
period lasting from a month (or less) to years. But drought may occur well after
this anomalous precipitation period. For example, agricultural drought may
well be the consequence of a rainfall shortage during the previous autumn
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or winter. Therefore, the simplest measures of drought severity only account
for precipitation characteristics.

Precipitation index (AI): AP = P—u(P)(mm), (1)

where P denotes the monthly (or longer-time) precipitation amount and u(P) is its
“normal” (or mean) value. This index is an appropriate variable for the analysis
of the precipitation fluctuations at a single station. Kane and Trivedi (1986)
investigated long series of precipitation anomalies for different sites to reveal
significant periodicities.

Deviation of the actual amount from normal is applied to drought/flood
identification by many authors. Glantz and Katz (1985) used (3 MAP, )| M, the
average of these anomalies for stations, as a regional index in the analysis of
drought for Sub-Saharan Africa. Addmyné and Csomor (1986) retained only
the signs of station anomalies to determine the regional extent of drought
episodes, depending on which sign was most prevalent for different regions
in Hungary.

It goes without saying that the anomalies for nonhomogeneous regions or
larger areas with different climatic conditions are not comparable. To avoid
this problem, either relative amounts, or standardized values should be used.
The relative value is used in two forms:

Relative precipitation amount (rP): P/u(P) (X100%),
Relative anomaly index (rAl): [P— y( )]/‘u(P) (X100%,).

The rP-index is an indicator of drought if its value is less than some established
threshold level, e.g., 759%, on an annual basis, or 60%, for a particular month.
The use of other, slightly different levels was also suggested in WM O (1975).
Bunting et al. (1976) have analyzed the long-term series of monthly and annual
area-averaged rP-values to test the hypotheses of the existence of trends and
periodicities for the Sahelian region. For a recent world-wide drought assessment
(WMO, 1986), the following criterion was applied: annual »P <60%, for more
than two consecutive years (combined with an additional condition that the
area affected must be 50%, or more of the region).
Standardized anomaly index (SAI):

P’ = [P—u(P)]/o(P), (4)

where ¢(P) is the standard devition of P. A very detailed analysis of SAI was
accomplished by Katz and Glaniz (1986). It proved aeffective for the delineation
of regional precipitation anomalies because of the reasonable comparability
of station SAI-values. For a single station, the usual probability levels can be
applied to choose particular threshold values in accordance with the hypothetical
distribution of SAI (Gamma or Gaussian distribution for longer periods of time
provide a good statistical fit). The variance of a regional (average) index depends
on the number of stations and their correlations.

Kraus (1977) applied area- averaged SATI on an annual basis for two mon-
soonal (African and Indian) regions to reveal persistence in the occurrence
of rainfall anomalies. This hypothesis was later refuted by Kaiz (1978). Nicholson
(1979) returned to the same problem and Lamb (1982, 1983) also intensively
used this index for the Sub-Saharan area. Bhalme and Mooley (1980) introduced
the rainfall anomaly index, weighted by the reciprocal of coefficient of varlatlon,
which is actually equivalent to the SAT multiplied by p(P). -
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Rooy anomaly index (RAI): 3P [h—u(P)], if P=0 (5)
y y ( nP)]
— 3P| [l—u(P)], otherwise,

where & = mean of ten highest P-values and I = mean of ten lowest P-values,
within the sample. For RAI, nine abnormality classes were given (Oladipo,
1985), ranging from extremely wet to extremely dry classes.

Similary for the standardization of station precipitation anomalies, an
analogous procedure can be suggested for a sequence of monthly amounts:

Average SAI (ASAI): [ SXA(Py)]a(P))K. (6)

3.2. Other indices of atmospheric drought. The water vapor saturation deficit
is commonly used for the characterization of atmospheric drought, although the
temporal scale for similar analyses is usually much shorter than a month ( Pasech-
niuk and Sennikov, 1983 ; Levilt, 1958):

Saturation deficit: d=FE—F =E,(1—p) (hPa), (7)

where p is the relative humidity, % is the vapour pressure, and £, is the saturated
vapour pressure. Threshold values for the identification of atmospheric dryness
for a shorter period, the ‘‘sukhovei” are: 20 — 29 hPa = weak, 30—39 hPa =
moderate, 40 —49 hPa = intense, =50 hPa = very intense.

Dry conditions of longer time intervals can be described with the number
of days of at least mild dryness. Pasechniuk and Sennikov (1983) have shown
the strong correlation between this dryness measure and the precipitation
amount during the growing season (correlation coefficient reached between
0.7 —0.8). Air temperature and wind can also play important roles in the for-
mation of severe atmospheric dry situations.

3.3. “Supply|/demand” indices based on the waler balance. Precipitation
is the dominant form of water supply for the soil water balance. It is evident
that for a more precise delineation of drought conditions, the “demand” side
of this balance must also be considered. Water demand is usually expressed
through the potential evaporation or, as a simplest approximation, the average
temperature of the analyzed period. Maximum evaporation can be assessed
from the radiation balance, too.

Lang's rainfall index (LI): R (mm O, (8)
where T is the mean air temperature for the given monthly (or longer) period.

de Martonne aridity index (dMI);

12P/(T'+10), the monthly index (mm/°C) (9)

P[(T' 4 10), the annual index.

Originally, LI and dMI were developed as aridity indices, although they
can be used for the detection of drought episodes (W MO, 1975). Chowdhury
and Hussain (1983) apply dMI for aridity analysis (the select arid areas with
annual dMI < 20) and choose a different criterion for drought studies.

Selyaninov’s hydrothermal coefficient (SHC):

P[( 2 t=10°ct/10) (mm/°C), (10)
where t denotes the consecutive daily mean air temperatures. This index (known
also as HTC) is often employed for agrometeorological investigations (Sapozh-
nikova, 1958; Sinicina et al., 1973; Ajtay, 1977.) The established threshold
values for drought (and aridity) classification are: 0.4—0.7 = very dry,
.0,7—1.0 = dry, 1.0—1.3 = insufficiently wet, >1.3 = wet. A simpler criterion
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is recommended in WMO (1975) for drought indentification, namely, SCH < 0.5.
SCH can be directly formulated for monthly values (Bagrov, 1983) in the form

P/(3T).
Thornthwaite Index (WMO, 1975): 1.65[P/(T+12.2)]*%° (11)
Ped's Drought Index (PDIl) AT [o(T)— AP[o(P). (12)

Bagrov (1983) transformed PDII into a wetness index to demonstrate the
limitations of this index (and the SHC) for yield estimation. Recently, the
statistical properties of the original PDII1 index were investigated (Bagrov,
1986). The simple criterion of drought, namely, the validity of inequality of
PDI1 =2, is appropriate only when the independence of 7" and P is assumed
for a single month. If these requirements are not satisfied, the threshold value
should be modified: (1) for a K-month period, the 2/)/ K threshold value is the
proper choice; (2) the actual dispersion of the index for a single month equals
2(1 —7), where r is the correlation between 7' and P.

It was mentioned above that the temperature in these indices simply
substitutes for the more complex potential evaporation term. A few indices
incorporate PE explicitly.

Potential water deficit: PE—P, (mm) (13)
Potential evapotranspiration ratio: PE/P. (14)
Moisture availability index (MAI): P|PE. (15)

Biswas and Khambete (1983) used MAI for climate potential assessment for
crop production in the arid zone of India. It is believed that the same levels
of MAI values can be used for meteorological drought evaluation: =0.3 = very
dry, =0.3 = classification depends on the relative length of time units with
MAI = 0.3 within the vegetation period.

Dryness ratio: (R/L)/P, (16)

where R is the surface radiatoin balance. This ratio is primarily a measure of
dryness or wetness that is commonly used for defining climatological reglons
(Péczely, 1979).

Finally, let us consider indices with ET instead of the precipitation amount
(ET stands for the actual evapotranspiration). These indices more closely
express the drought/flood conditions from the agricultural (or hydrological)
perspective. The relation of these two indicators of water supply can also he
evaluated by means of the Thornthwaite moisture index, (P/E7 —1)Xx 1009%,.

Relative evapotranspiration: ET|PE (100%). (17)
This index was used by, among others, Patel et al. (1986) for agricultural drought
classification in relation to crop yield estimation.

Bowen ratio: (R-LXET)/(LXET) = (R/L)/ET-1. (18)
This ratio expresses the relation of the heat flux to turbulent eddies in the
boundary layer to that part of the radiation balance which is used for evaporation
(Hare, 1983).

3.4. Soil moisture indices.
Relative soil moisture content: W/AWC (Xx100%). (19)

with W and AWC denoting the actual soil moisture and the available (or dis-
ponsible) water capacity for a fixed soil depth (e.g., the upper 1-meter ]ayer
or the root zone for a given plant).

4% 51



Besides this well-known ratio, an extended form of Ped’s drought index
incorporates the standardized value of the soil moisture amount (Davidov
and Ped, 1983):

Ped’'s drought index, (PDI2):

AT |6(T) — AP|a(P)— AW [a(W), (20)

3.5. ,,Recursive” indices. Indices describing the moisture conditions for
a relatively long time period through the integrated values of the related
meteorological elements provide only a rough picture of the potentially adverse
conditions within this period. It is thought that above al the cumulative effect
of prolonged moisture deficits (month by month) should be properly expressed.
For this purpose “recursive indices” are formulated. The simplest way to do
80 is to consider the progression of the accumulation of precipitation anomalies,
which is expressed by the ‘“residual mass curve’ introduced by Foley (WMO,
1975).

Foley’'s cumulative anomaly index (FAI):

FAI, = AP,, FAI, = FAI,_,+ APy for the kth month. (21)

For the comparability of FAI-values of various stations and periods, normali-

zation can be made, >K[AP,/F]/K, where P is the annual precipitation amount
for the given station.

Bhalme and Mooley (1980) defined a ‘recursive” drought/flood index based
on monthly precipitation amounts. Conceptually, this index (the BMDI) can
be considered as an essentially simplified version of the well-known PDSI,
the Palmer Drought Index (Palmer, 1965).

Bhalme-Mooley Drought Index (BMDI):
o = 03 % = ¢ ix_y+ (SAI)x/c, monthly index (22)
BMDI = (>%)/K for a period of K months.

The coefficients were derived for Indian observations: ¢; = 0.5 and ¢, = 0.4855.
The regional extent of drought is expressed as a Drought Area Index, being
defined as the percentage of area with averaged BMDI value below a certain
negative threshold (Das, 1983). Coefficients in the BMDI formula were recal-
culated using data from Nebraska for the growing season, April-September
(Oladipo, 1985): ¢; = 0.452 and ¢, = 0.4267. Slight variations appeared for
a larger data base observations in the interior plains of North America:

¢, = 0.548 and ¢, = 0.4267 (Oladipo, 1986).

Palmer Drought Severity Index, (PDSI). The PDSI
is based on the thorough analysis of the elements of surface water balance and
on the comparison of their actual values to their climatically or physically
attainable (potential) values (KT ~PE for the evapotranspiration, W~ AWC
to estimate soil moisture amount, ete.).

A particular locality can be characterized by the ratios of the averages of the actual and
potential values for all constituents in the water balance: « = ratio of averages of KT and PH,
B = ratio of averages of actual and potential recharge, y = the same ratio for the runoff, § = the
same ratio for the moisture loss, where the recharge and the loss express the change of the moisture
content in the root zone of soil with opposite signs (i.e., negative changes assigned to the loss term).
For a particular month, the “expected” value of the precipitation, or the value “climatically
appropriate for existing conditions,” the "CAFEC value” (a term introduced by Palmer) is cal-
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culated from the water balance equation: P = « PE+ 8 PR+ y PRO —§ PL, where PE, PR, PRO
and PL are the potential values of evaporation, recharge, runoff and loss for that month, res-
pectively. The deviation of the actual P from its CAFEC value weighted by a climatic factor (valic

~
for the month and the area) provides a moisture anomaly index, Z = K (P—P).

The so-called final PDSI is derived by a recursive equation:
PDSIy = PDSIy_,+Zy[3—-0.103 PDSIy_,. (23)

The initialization depends on criteria for determining and ending times of wet
and dry periods. Palmer scaled his index in accordance with a prescribed set of
categories, which was recently adopted for the derivation of the BMDI: < —4.0 =
extreme drought, (—4,—3) = severe drought, (—3,—2) = moderate drought,
(—2,—1) = mild drought, (—1,+1) = near normal, and similar categories
of slightly, moderately, very wet and extremely wet periods. The growing
season can be characterized with the average PDSI values for the corresponding
months.

PDSI is rather popular because of its quasi-invariance under different
changes in climatic conditions for different regions (Wilhite, 1983; Hecht, 1983
Karl, 1983 ; Oladipo, 1985; Rao et al., 1986).

4. Some properties and limitations

To evaluate the abnormality of P, the precipitation amount for a particular
time period (month, season, etc.), this value must be interpreted in terms of its
empirical probability distribution. For this purpose, either certain levels
(thresholds) are used, such as the record amount (Pmin, Pmax); the lowest decile
(Pq), quartile (P)q), median; or some “integrated” measures of dispersion of
the distribution, e.g., the standard deviation, the mean absolute deviation,
the average of the ten lowest values in a record; or the mean (expected) value
of the distribution may also be mentioned among these characteristics.

Keeping in mind that the regional extent of a drought episode is commonly determined by
mapping the individual index values or calculating areal averages, the values should be standur-
dized first. This means transforming the original values into I’ = [P — u(P)]/d(P), where d(P)
denotes some general measure of dispersion. Typical examples of such a standardization use
one of the above thresholds values, as in the case of indices defined by (3), (4) and (5): u(P) for
rAl, g(P) for SAT or [I(P)— u(P)]/3 for RAL Such a procedure is performed to eliminate regional
differences in local climates, or, in other words, to archieve regional comparability of various mete-
orological stations. Implicity, one would also expect that standardized indices for different areas
(stations) ought to quantify drought events with similar socioeconomic (agricultural, hydrological,
ete.) impacts in nearly identical ways. For the evaluation of the consequences, it can be assumed
that the natural ecosystems and societies have adjusted to the “surrounding” local or regional
climate and other environmental conditions (Palmer, 1965; WMO, 1986).

Among the precipitation-based indices, the rAl has a formally different character because
its normalizing term [ x(P)] is not a measure of dispersion. This problem is partly solved using
the finding reported by Katz and Glantz (1986), who have shown that for the Sahelian areca the
mean and standard deviation of precipitation amounts are closely related: the rainfall variability
(for the April—October period) tended to increase. A similar statistical relationship takes place
in Hungary (Figure 1). This approximate linear proportionality between the mean and standard
deviation has a more general basis, Supposing that the monthly precipitation amounts obey the
gamma distribution with the density function, f(P) = F¥~1 exp (—P/B)/[B*'(y)], where £, y
are the scale and shape parameters, respectively, the expected value equals £y, while the standard
deviation is BYy. If for the case of two stations only the means differ, u(P,) = cu(P,) (i.e., their
density functions are of the same form with identical shape parameters), then the relations between

53



the scale parameters and the two standard deviations are given by 8, = u(P,)/y = cu(P,)/y= cp;,

= B,¥y = ¢B\Vy = co,. Instead of this linear relutlonshlp, Drozdov (1956) came to a illghtly
dxffexent formula, o*(L) = au*(P)+kwu(P), which again leads approximately to the previous
result if the second term is small. For very dry regions, the ratio g(P)/u(P) differs considerably
from a constant and significantly increases with decreasing p(P). Based on this relationship,
a nearly equal performance can be assumed for all the ”standardized”. rainfall indices. In parti-
cular, for an individual station, after the actual precipitation (for the given period) is classified
(compared with a threshold value C), say P<C, then all other simple moisture anomaly indices
determine a corresponding class on a different scale (different units according to the transformation
definition of the index); that is, SAI <C/o(P), rP<C|w(P)+1, rAI<C/ u(P), ete.

In spite of the adv(mtageouq properties described above, these indices do not meet the more
rigorous requlrements concerning the independence of the distribution of regional indices from
any changes in the set of individual stations. Katz and Glantz (1986) noted that the average
of local SAT values for M stations has a variance 1/ W for uncorrelated and equally distributed

data. For rAl, a similar expression takes place: var [ X" (rAI)]/M] = o*(P)/ u¥(P)/ M.

S(P),mm!

Fig. 1. Relationship between ;(P) and ¢(P) based
u(P),mm| on 80 years averages for 25 meteorological sta-

70 . tions in the Hungarian Great Plane (precipitation
L amounts for the growing season: Apr —Sept)

All indices treated above characterize the precipitation anomaly of a period
of K months as a whole, neglecting the time dependence of the monthly ano-
malies during that period.

A refined (and more effective) approach is performed in the simplest way
with the use of the sequence of accumulated anomalies (or the elements of the
“residual mass curve”): AP, AP+ A4P,, ..., >¥4P, (WMO, 1975). However,
the precipitation anomalies for different months produce different impacts;
thus the amounts of the natural water supply should be compared with the
“established” water demand for the particular time period. This means that
it is more reasonable to use the standardized precipitation values so that we
can introduce the series of cumulative monthly standardized anomalies,
2%APj|o)P;), or, for a period of K months, the average of monthly values:
ASAT = SX[AP,/o(Py)]/K.

Among the indices based on the precipitation term, the BMDI defined by
Bhalme and Mooley (1986) appears to be a unique example reflectmg the develop-
ment of a dry episode through a “‘recursive’ definition: iy = ¢, % _, + [ APy /o(Px)] /cz,
BMDI = ( >X,)/K.The BMDI for a given period can be expressed in the form (¢; =
= 1/c?, P’ = AP[a(cP):

R R et S e 5 SRR B 5 M
. BMDI = 3% K = ¢[(1 46+t + .-+ )P+
' +(1+cl+c%+---+6§“2)P'2+---+Pi<]-

Obviously, the “weights” for previous months are gradually reduced with
increasing values of K (the length of the period): (1+¢,+c}+ ... +cX-1)/K—0.

v
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However, the “weight” of the first month increases with respect to that of
the last month, so that their ratio tends from an initial value of 1 to 2 as K
increases, which is possibly an unreasonable property.

One question remains: is the “recursive index” more straightforward
than the “directly’”” determined indices (like SAI or »P) for the 1dent1flcat10n
of drought eplsodes Of the latter indices, the ASAI corrected by a factor of ¢
is “closest” to the BMDI because both are based on consecutlv SAI values
of months within a given period. (The correction by ¢, results in the equality
of ASAT and BMDI for the first month). As a matter of course, an ASAIL- -type
moisture index contains more information on the precipitation “history” of the
period than any other index of the total precipitation anomaly for the whole
time interval. Let us consider, for example, the SAI-value corrected by the

VK factor (P = SKPy)

1 1

e AS 11 [{ = - :?'_/JI) 6

Vi AI(K) VK [o(P V

Thus, for uncorrelated consecutive Py-values:
SAI(K)[YK = Z{{P;/K = ASAI(K).

But these assumptions are usually not valid; as illustrated in 7'able I for three
Hungarian stations (from an 80-year observation period; K = 6).

\\P VK 0’ Pk :
K =2 o(P)

TABLE 1

Ratio of standard deviations of precipitation amounts for sequence
of months and for the whole period

}/Ra(l’k)/o(l’) Apr ‘ May Jun Jul Aug ‘ Sept
Ay |
Baja ! 0.78 1.15 1.07 0.95 1.04 ‘ 0.98
Kaloesa : 0.77 0.97 .15 1.03 0.97 ‘ 0.89
Nyiregyhiza | 0.66 0.2 1.05 097 | 097 | 0.84

Let us introduce two periods lasting for K months (e.g., two growing seasons)
so that all months are “normal” with zero SAI values, except for the first and
last month:

1 AS'A‘III = —'2, ]PZ - 0, yatialy ’JPK~1' APK =10
2 dPl = 0, ;JP.Z, oo uy APK-—l = O, SAIK = —2.

The index of total anomaly is independent of the time when the single anomalous
month occurred. Therefore, for both periods we obtain the same value: 4SA47" =
= ¢y ASAI = cj(—2/K), while the BMDI values are significantly different:
BMDI, = c)(— "/K)[(l —c¥)/(1—¢)], BMDI, = cy(—2/K). Obviously, the two
indices coincide only when the precipitation deficit takes place during the last
month of the period, ASAI’ = BMDI,. In this case, BM DI, = —0.7 (p10v1ded
K = 6), which characterizes a near-normal period. With respect to the former
period, the consecutive BMDI values are as follows: —4.0 (extreme drought),
—3.0 (severe drought), ..., at last for the sixth month, —1.3 (mild drought).
Thus, the ‘“recursive” index reflects the fact that the precipitation anomalies
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during the given period have their agricultural or hydrological impacts mainly
on the water balance of the soil. That is why these effects are delayed and
smoothed.

Similar “recursive’’ indices can be deduced in another, and possibly more
natural, way. The effects of serial precipitation anomalies accumulate as a
soil moisture deficit (surplus) or a particular state of a plant. The simplest
soil moisture balance can be given by Wy =Wy _, — ET\+ Py, where W denotes
the available (disponsable) soil moisture. A soil moisture deficit index can be

formulated, for instance, with the following equation: # = (W—AWC)y, =
= 4/AWC, which gives —4 for the driest situation, W = 0, like PDSI or
BMDI. Substituting a simple paramererization scheme for the actual evaporation
(Farags, 1985), a BMDI type recursive index is defined, which depends only
on the monthly precipitation amounts: i = 7,_; —eWy_,+ Py = a Z(_,+bP;+c
where a = 1—¢, b = o(Pyx), ¢ = nu(Pyg)—4e.

Indices based exclusively on precipitation provide a simplified insight
into the drought phenomenon. Actually, it is a supply/demand problem. For
an agriculturist, the water demand refers to the amount of water for evapotrans-
piration (E7'). Because data for K7 are not routinely collected, temperature-
based expressions are used for the estimation of the potential evaporation
(PE); for instance (Antal, 1968): PE = 0.74 (E,—E)*7(1+ oT)*%. (mm/day;
a = 1/273). If the purpose of quantification is the determination of clima-
tological or agroecological regions in a general sense, then the radiation balance
is used for the (potential) demand estimation.

The water supply/demand balance is expressed either in the form of a ratio
or as a difference, e.g.:

" s Selyaninov’s s Pot. water Dryness
Lange’s LI SHC Ped’s PDI1 doficit SR
Supply: P P AP[o(P) P P
Demand: AL 2t/10 AT [o(T) PE R/L

There is only a slight relationship between the precipitation-based and
the balance-type indices. Bagrov (1986) has analyzed the statistical properties
of Ped’s index. Besides the estimation of the expected recurrence time of drought,
the statistical distribution of this index was also investigated.

This distribution is close to normal (Gaussian) with zero mean and dispersion g(PDI1) = 2
(1 —7), where » denotes the correlation coefficient between 7' and P (for a single month). During
the summer season, this coefficient is usually slightly below zero. Bagrov’s conclusions probably
hold for other locations at middle latitudes and definitely have a physical background (through
thé cloud-insolation coupling and the cooling effects of precipitation). For a Hungarian station,
Baja, we obtained the empirical value » = r (P, T) = —0.2. This gives some basis for connecting
the “P-based” and “supply/demand” indices (at least for the summer or growing season) in drought
idenfification, however, the later indices evidently include more information for the analysis
of meteorologically determined hydrological or agricultural droughts.

Most straightforward indices incorporate the elements of the soil moisture
balance. The most sophisticated of those indices is the rather popular Palmer
Drought Severity Index (PDSI). Despite its regular computation in some
countries, no attempt has been yet made to adopt it in Hungary. Despite of its
advantageous properties, even the PDSI cannot be considered universa Raol.

56



and Subramaniam (1986) refer to a severe drought event in the Indian subconti-
nent during 1918 for which Bhalme and Mooley showed the unreliability of the
PDSI; to correct this problem, they recalculated Palmer’s coefficients. Oladipo-
(1985) demonstrated the nearly comparable performance of simple precipitation
based indices, such as Roy’s RAI and, to an even greater extent, the BMDI
and PDSI for the purposes of single-station analyses.

PDSI

Fig. 2. PDSI versus relative soil moisture content 2L
divided by its normal value (9,) for the corres-
ponding month. The sample consists of all months

of years 1981 —86 for station Baja. The coefficient -4 TR S |
of correlation: r = 0.66 50 60 70 80 90 100 110 120 130 140

1 1

The PDSI is a “recursive’” index, and is related by definition to the soil
moisture balance in the way shown above. If the “established” water supply/
demand regime for a given region is identified with the long-term average. of
the relative (available) soil moisture w then we may expect a good relationship
between PDSI and the deviations of w from its normal, or their ratio. The latter
is depicted in Figure 2 for the station of Baja in Hungary. Fitting a linear reg-
ression between these variables provides a coefficient of correlation 0.66 for
monthly values from the period 1981 — 86.

5. Illustration of the performances of some indices

We have analyzed the general aspects of the performance and comparability of different
drought (moisture) indices in the previous section. We now summarize some results of the numerical
studies. All caleulations were based on Hungarian data series of precipitation, air temperature
and soil moisture measurements.

TABLE
Drought indices in the growing season, Baja (1975 —1986)

ey g : SHC = ] ~mp | ET/PE [W/AWC g

Year rP9% | RAI | SAI (mm/°C) PDI1 | PE/P ‘ ET/P ©) %) BMDI| PDSI

1975 143 27 Peg S leh) Z10 )l xe 1 08 70 90 2.5 3.0
1976 S0 —1.7 | —0.8 0.9 —0.1 2.5 1.4 56 59 —1.4 | —0.2
1977 78 -1.9|-09]| 0.9 —0.1 | 2.6 1.5 57 60 —1.5 | —0.8
1978 95 —-0.4 | -0.2 | 1.1 = L G 8 5. 1.2 65 72 —0.1 0.7
1979 81 —-1.6 | —0.8 | 0.9 0.6 | 2.6 1.6 58 53 —1.1 | =07
1980 98 —-0.1|—-0.1| 1.2 —2.01 1.8 1.2 64 69 0.3 0.5
1981 93 -0.6 | —0.3| 1.0 0.2 | 2.2 1.4 64 67 —0.8 | =0.0
1982 85 -1.3 | -0.6| 0.9 0.9 | 2.4 1.5 63 62 —0.9 | —=0.1
1983 93 —-0.6 | —0.3 | 0.9 1.3 | 2.5 1.2 48 38 —0.9 | —2.7
1984 88 -1.1|(-05| 1.0 —1.0 | 2.1 1.2 62 65 —-0.8 | —2.3
1985 78 1.9 | —0.9 | 0.9 —0.1 | 2.4 155 62 72 —-1.2 | - 15
1986 97 —0.3 | —0.1 1.0 0.0 2.1 1.4 68 75 —0.1 0.2

(50; |(—3.0;|(—1.0;f [0.7 (L0 [2:657 |\ ledsi| " 455 [40; [(—4.0; (—4.0;

Drought 70] | —2.0]| —0.6]] 1.0) | 2.0] | 3.5) | L9)| 55) | 50) | —2.0] —2.0]

Extreme

drought =50 | =-3.0l =-1.0/<0.7 | >2.0 | =3.5 [=1.9 | <45 | <40 | =—4.0] <-4




First, the relatively long-term series (1901 —1986) of various indices were compared for
a single meteorological station Baja located in the SW-part of the Hungarian Great Plain. As an
illustration, 7T'able 2 summarizes the values of several indices calculated for the period 1975 — 1986.
Apparently, the rainfall amount during the last eleven growing seasons were more or less anomalous
according to most indices. Even this short period exhibits the occasionally considerable difference
in the performance of drought indices. The growing season of 1983 was exceptional in accordance
with the values of indices possessing with ““memory”. Though the rainfall amount was near normal
(rP = 939) during this period, the values of W/AWC and PDSI (389, and —2.7, respectively)
are the smallest for this years, which is a consequence of the precipition deficit of the previous
months. Such properties of these indices are very important, especially when we compare their
values for growing seasons. During these months, most areas in Hungary receive only about 60 per-
cent of the annual totals (for instance, at Baja it is 58 percent); therefore, the preseason precipitation
during the winter months has a very importent role in the water balance of soils. We note (T'ab-
le 2) approximetely parallel runs of rAl and SAI, that for the recursive indices BMDI and PDSI,
and to a less extent, for the relative soil moisture (W/AWC) and PDSI. (The latter is most
evident for the extremely dry events, i.e. for the extremely small values of these indices.)

More detailed investigations of the drought episods have been made for the years 1983 and
1986, including the analysis of spatial distribution of the index values. In 1983, the drought period
started on the Great Plain in the previous winter and lasted through the spring and summer seasons.
In Transdanubia the previous winter was wet, and this accumulated wetness in t he soil was enough
to sustain good moisture storage during the following spring. The summer was very dry in this
pat ol Jduangary, as it is shown by the soil moisture index W/AWC (Fig. 3) according to which
an extrems drought incidence is indicated in the GreatPlain area. The potential evapotranspiration
ratio (PIE/P) gives a much milder classification even for the longer period of the whole vegetation
s2ason. Most values of this index do not exceed the threshold 3.5, i.e. a value that separates the

classes of ““drought” and *‘extreme drought” events. Such a contradictionary behaviour of these
indices is a trivial consequence of their properties. The soil moisture balance and the related index
express in a certain way even the below normal-normal moisture conditions of the preceding
(winter) period that was characteristic for the most part of the Great Plain (just in contrary to
he situation in the Transdanubian area).

Fig. 3. Spatial distribution of some indices
characterizing the 1983 growing season:

rp for previous winter |rp in Apr—=Sept
rp for previous spring | PE/P in Apr—Sept
rp for previous summer | W/AWC in

June — Aug

Fig. 4. Values of some indices characterizing
the 1986 growing season:
rp for previous winter | rp for autumn
rp for previous spring | W/AWC in
[ Jul —Sept
rp for previous summer 1 W/AWCin October
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The character of the drought during the 1986 growing season was different to some extent
because the previous winter season and the summer as well were considerably wetter in the whole
country (Fig. 4). However the autumn brought about an extremely dry period throughout the
Eastern part of the country, as well as in the E —SE part of Transdanubia.

6. Conclusions

Summarizing the main results of the above comparison, we have found
some similarities among the different types of drought indices. Apparently,
the precipitation indices possess similar features when applied to individual
stations, yet some standardization is needed before determining regional indices.
There is a much weaker connection between the precipitation indices and the
balance-type expressions, and even less of a connection with the recursive
indices. Therefore, it seems impossible to reduce the existing multitude of
drought (moisture) indices to a single one. At the same time, for the delineation
of meteorologically determined droughts, those indices that possess ‘‘memory”’
(the soil moisture indices and the recursive indices) are of highest utility.

Authors are grateful to Mr. 4. Kiss and Mr. L. Danicska for programming
and computational works, and our special thanks are also due to Mrs. M. Krenz
for her editorial help.
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e RRANTEA

A SZOCIALISTA ORSZAGOK METEOROLOGIAI/HIDROMETEOROLOGIAI
KONFERENCIAJA BUKARESTBEN

A szocialista orszigok meteoroldgiai/hidro-
meteoroldgiai szolgdlatainak szokésos, 2 éven-
kénti vezetsi konferencidjiara 1988 oktéberében,
Bukarestben keriilt sor. Az immar 20. alkalom-
mal Gsszetilt konferencidn a 7 eurdpai és 4
[Eurépan kiviili orszag képviseletében résztvevo
57 delegitusa kézott a Magyar Népkoztiarsasig
Sttagh — dr. Ambrézy Pialné (OMSZ), Dévényi
Dezs6 és Kassai Béla (KEI), illetve Nagy
Séndor (HM) osszetételtc — kildottségét Bardat
Joézsef, az OMSZ elndke vezette.

A konferencia elsé, okt. 5-t6l 8-ig tartott,
un. elékészitd szakaszat a két bizottsag, neve-
zetesen a tudomanyos kutatasok koordina-
ldsdval, valamint a tavkozlési és egyéb kér-
désekkel foglalkozé munkdaja, mig a misodik
szakaszt okt. 9-t6l1 15-ig a tulajdonképpeni
Vezetéi Konferencin plenaris iilései jelentették.
A konferencia a szolgilatok szinte minden
nemzeti és nemzetkdzi tevékenységét attekintd
kérdéseket 12 pontba sfiritve, 26 ajanlast
dolgozott ki. Ezek soribdl természetesen itt
csak a legfontosabb targykortiekre tériink ki.

A Konferencia megallapitotta, hogy o szinop-
tikusok munkahelyének automatizilisa terii-
letén szorosabb egyiittmikodés kivanatos a
meteorolégiai szolgalatok koézott. Izért meg-
bizta a Szamitastechnikai és Automatizalasi
Munkacsoportjat, hogy az auntomatizalt szi-
noptikus munkahelyek technikai eszkozeire és a
technoldégiikra egységes kovetelményrendszert
dolgozzon ki folytassa az informdcié feldolgozé
rendszer koncepcidjanak kidolgozasat egy prog-
nosztikai szupercentrum el6készitésére.

A felhasznaldk szamara késziilé  éghajlati
informécidk minéségének és tartalmanak javi-
tasa érdekében a Vezet6i Konferencia megbizta
Klimatologiai Munkacsoportjat, hogy az egyes
szolgdlatoknal folyé fejlesztési munkdkat fi-
gyelembe véve, készitsen ajanlist az adatfel-
dolgozas technikai eszkézeinek és médszereinek
fejlesztésére.

A kérnyezetvédelmi témak targyalisinal
a Szovjetunié Hidrometeorolégiai Szolgalata
bejelentette, hogy a balesetekbdl szirmazd
veszélyes radioaktiv, kémiai sth. szennyezo-
anyagok terjedésének kovetésére és elorejel-
zésére a Szovjetuniéban specializalt meteoro-
l6giai kézpontot hoznak létre.

A Konferencia megvitatta azokat a kutatdsi
eredményeket, amelyek az INTERKOZMOSZ
keretében a Kozmikus Meteoroldgiai Allandé
Munkacsoport és a Tdvérzékelési Allandd Munka-
csoport irdnyitasival folynak. A Kenferencin
tamogatja a Tdavszonddzast Munkacsoport ja-
vaslatit regiondlis egyiittmiikédés létrehozi-
sara a Karpat-térség orszagai (Csehszlovékia,
Magyarorszag, Lengyelorszig, Szovjetunid,
Romaénia) kézott a krnyezet allapotinak figye-
lemmel kisérésére, és az iddjaras analizisének
és elbrejelzésének javitdsara tdvérzékelési ada-
tok segitségével. A miiholdas informaciék

szélesebb  koérit  bevezetéséhez az  operativ
prognosztikai gyakorlatba, a Vezetéi Kon-

ferencia megbizta a Szinoptikus és Repiilés-
meteorolégiai Munkacsoportjat, hogy az INTER-
KOZMOSZ Kozmikus Meteoroligiai Munka-
ecsoportjaval  dolgozzilk ki 1989 —1990-ben a
szocialista orszagok meteoroldgiai/hidromete-
orolégiai szolgilatainak kozés kutatdsi tema-
tikajat a kozmikus meteorolégia teriiletén.

A Vezetdi Konferencia megvizsgalta a hidro-
meteoroldgiai miszerek kifejlesztésének, szab-
vanyositasinak, egységesitésének, gydrtisinak
44 a szocialista orszigok miiszerellitottsigénak
helyzetét. Hangstlyozta, hogy térekedni kell
az automata mérdmiszerek egységesitésére,
mérési, adatfeldolgozasi folyamatok komplex
automatizildsira, valamint a légkor alséd
rétegének korszert eszkozokkel (pl. SODAR)
torténd szondazasira. A Vezetél Konferencia
ismételten megillapitotta, hogy nines meg-
nyugtatéan megoldva a KGST-n belil a mete-
oroldégiai miiszerek sorozatgyartasa.

A Konferencia megéllapitotta, hogy a szoci-
alista orszagok tivkézlési rendszerének fejlesz-
tése tendenciijaban megfeleld, a meteorologiai/
hidrometeorolégiai szolgalatok egyiittmitkodé-
sét azonban akaddlyozza egy-egy meteorolégiai
tavkozlési  kozpont kapacitdshidnya. Jelen
helyzetben nines lehetdség a rendelkezésre éll6
megfigyelési adatok és feldolgozott informacidok
eseréjének igényelt bévitésére, de a szocialista
orszagok tobbsége nmem férhet hozzd a Mete-
oroldgiai Vilagszolgdlat biztositotta wj tipusa
informdaciékhoz sem, mert ezek eléréséhez
nemesak a tavkozlési utak atviteli sebességének
névelésére, de 0] atviteli eljarasok bevezetésére
is sziikség lenne.
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A Vezetéi Konferencia keretében a kozos
tudomanyos kutatisokat a Twdomdanyos Kon-
zultativ Bizottsag koordinilja. Az 1986 —1990
kozotti periédusban 9 féirdnyban (amelyek
felslelik a meteoroldgia legfontosabb tertleteit)
osszesen 12 kutatdsi téma kidolgozasa folyik.
A magyar meteoroldgiai szolgilat a 12 téma
koziil jelenleg 10 végrehajtisiban vesz részt.

A  Vezetéi Konferencia meagtargyalta a
meteoroldgiai és hidrometeoroldgiai szolgalatok
sokoldala egyiittmikodésének  perspektiviit
nevezetesan a jelenlegi koordindcion talmutatéd
kooperdcids lehetdségeket, illetve a  kiézos
operativ és/vagy tudoményos kollektivik (inté-
zetek, munkacsoportok, laboratériumok stb.)
jovobeni létrehozasanak szitkségességét, Kzen
elvek alapjin a Vezetéi Konferencin tgy don-
ti}tf;,.hog_v ideiglenes szakértdi munkacsoportot
hoz létre egy olyan egyezmény kidolgozasira,
amely a jovében lehetdvé teszi a magasabb
egylttmiikodési formak alkalmazisat is. Az
egyezménnyel a jelenlegi Vezet6i Konferencia
helyett a szocialista orszdgok meteoroldgiail
hidrometeoroldgiai szolgdlatainak szervezete jén
létre, amely szervezet azonban fliggetlen marad
a KGST-t6l és jellegében hasonldé lenne az

INTERKOZMOSZ egyiittmiikodéshez. A létre
jovoé szervezetben a meteorolégiai/hidromete-
oroldgiai szolgalatokat ugyanazok a személyek
képviselnék, mint akik jelenleg a szolgalatok
WMO képviseldi. Egy szakértdi csoport azt a
feladatot kapta a Vezetéi Konferenciatol,
hogy olyan egyezmény tervezetét készitse el,
amely — figyelembe véve az egves szolgdlatok
specialis nemzeti statuszit — megfelelé médon
szamol egy ilyen szervezet létrehozasinak
nemzetkézi jogi, dllamigazgatasi, anyagi stb.
kihatésaival, ugyanakkor lehetiséget biztosit
az egyuttmiksdés magasabb formainak az
alkalmazasira is. A tervek szerint az egyezmény
aldirdsara a XXI. Vezetéi Konferencian 1990-
ben keriil sor.

A Vezet6i Konferencia megtérgyalta a szoojet
hidrometeorolégiai  szolgalat javaslatat egy
k6z6s hosszatdva elére jelzd kozpont 1étrehozé-
sdardl, amelynek megéllapitdsira kb. 10 éves
idétartamban lehet szémitani. Ugyanakkor
virhatd, hogy a kutatdsi munkak mér korédbban
kb. 2 — 3 év milva megindulnak.

A Vezeté Konferencia kévetkezd iilésére 1990
6szén Kubédban keriil sor.

Ambrézyné Mohdesi M.

A WMO HIDROLOGIAI BIZOTTSAGANAK CHy NYOLCADIK ULESE

A WMO CHy 1988. oktéber 24-e és november
4-e kozott tartotta nyoleadik iilését Genfben.
Az tilésszakon 71 orszag és 13 nemzetkézi
szervezet képviseltette magdt, mintegy 150
kuldéttel. Magyarorszagrél dr. Anial Emanuel
az OMSZ elndkhelyettese és dr. Starosolvszicy
Odén  a VITUKIL Hidraulikai  Intézeténel
igazgatéja vett részt a Bizottsig {ilésén. Az
iilégszak 22 napirendi pontjanak megtargyala-
sahoz 22 dokumentum és 14 informieids anyag
késziilt, amit kb. 30 miiszaki jelentés egészitett
ki, mintegy 1200 oldal terjedelemben.

A Bizottsig megvitatta tobbek kozott a CHy
hosszatava tervét, kiilonos tekintettel a Hidro-
légiai  Operativ Tébbfeladata  Alprogramra
(HOMS). Foglalkozott a hidrolégiai szolgalatok-
kal és hildzatokkal, a hidrolégiai adatok gytj-
tésével, tovabbitisival, az adatfeldolgozas,
tarolas, visszakeresés és terjesztés kérdésével,
ill. a hidroldgiai elérejelzésekkel és modell-
készitéssel. Nagy hangsulyt fektettek a kiad-
vinyok, a rendezvények, az oktatds és a képzés
terén felmertils problémak megoldasara, to-
vabba a miszaki egyiittmiikodésre és a kiilén-
b6z6 projektekre.

Az {ilésen a vArtnil is nagyobb téamogatisra
taldlt Finnorszag és Magyarorszig egyiittes
javaslata (20-as dokumentum) a tavak és
tarozok hidrolégidjanak fejlesztésére, ‘illetve
Csehszlovakia és Magyarorszag (21-es doku-
mentum) a vérosi hidrolégia fejlesztésére tett
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javaslata. E javaslatokhoz sziamos tamogatd
hozzaszélas hangzott el, aminek eredményeként
a két téma bekeriilt a Bizottsag programjaba.

Az elmult négy éves aktiv elnoki munkéaja
alapjan a varakozasnak megfeleléen dr. Staro-
solszky Odént, a VITUKI Hidraulikai Intéze-
tének igazgatdjat egyhangilag Gjravalasztottik.
Tgy & WMO Hidrolégiai Bizottsagénak ismét
magyar elnoke lesz az 1988 —1992-es periédus-
ban. Az elnokot is Gjravalasztottiak Allan Hall
ausztral hidrolégus személyében.

A soron kivetkezd négy évre a Bizottsag
figyelembe vette a WMO hosszutava tervét,
valamint az UNESCO/WMO Konferencia (Genf,
1987) ajanldsait, tovabbd a Brundtlandt jelen-
tést és az ENSZ 1990-ben indulé természeti,
katasztréfa  elharitasi  dekddjinak tervezett

anyagat. Egyértelm(i, hogy igy erésédtek a

kornyezeti kapesolat és a katasztrofa elharitis
szempontjai.

A Bizottsag iilésén kirajzolédott, hogy tovabb
kell folytatni a vizrajzi munka fejlesztését,
figyelembe véve az utébbi években bekévet-
kezett valtozdsokat a miszerezésben és a
szamitastechnikaban Erésiteni kell a veszélyek
elharitdsa, megelézése vagy csékkentése érde-
kében folytatott tevékenységet (arviz elére-
jelzése, aszaly, varatlan vizszennyezés stb.).
Kiemelték a delegatusok az éghajlatvaltozas
vizgazdalkodasi hatdsainak becslésére szolgald
moédszerek fejlesztésének sziikségességét.



A jov6ben tovibb erdssdik a hidrolégiai
szolgalatok szervezeti, anyagi, miikodési prob-
lémai irdnti érdeklédés és a problémék megol-
dasa iranti érzé¢kenység. Novekszik a felhasz-
naléi szemléletit hidrolégiai munka irdnti igény.
A jovendd feladatokat érintd, valamint az
egyes nemzetkozi szervezetekkel vald egyiitt-
miikodésrol sz6l6 magyar hozzdszolds kedvezo
fogadtatésra taldlt.

A Hidrolégini Bizottsig iilése sordn masfél
napot forditottak egy tudomdanyos konferenciara,
amelynek témdja a ,,vészhelyzetek hidrolégiaja®
volt. A konferencian a szélsiséges Arvizek és
aszaelykarok hidrolégiai problémaival 8 eldadds
foglalkozott. A baleseti vizszennyezés hidro-
légiai kovetkezményeit 6, a vulkin-kitérések
hidroldgiai kévetkezményeit pedig 3 eldadds
mutatta be. A féldrengések, a fold- és ko-
esuszamlas hidrolégiai hatdsait 4 el6addsban
taglaltak, rendkiviil érdekes kélavinardl félvett
film kiséretében. Végiill a természetben, igy

a hazinkban is gyakrabban eléfordulé gat-
és arvédelmi toltésszakadas hidrologiai kovet-
kezményeivel 3 eléado foglalkozott. 2z a tudo-
manyos konferencia elsésorban arra mutatott
vé, hogy a vizzel kapesolatos katasztréfik
mennyire sokoldaltiak és hogy észlelésiik, elére-
jelzéstik kétségteleniil oly nehéz feladat, amelyre
a WMO Hidrolégiai Bizottsigdnak megfeleld
irdnymutatdst kell adnia.

A tudomdnyos konferencidnak kiilén jelentd-
séget adott az, hogy az ENSZ 1990-ben ter-
mészeti  katasztréfa  ecsikkentési dekddot indit.
A WMO Hidroldgiai Bizottsaga részérol ez a
masfél napos konferencia ennek elGkészitését
és megalapozasit szolgélta. A tudoményos
konferencidn részt vett dr. Bakonyi Péter
(VITUKI) egy ecléaddssal és Takdes Agnes
(K EI) is, aki hozzaszélasiban radaros mérések
és a mennyiségi csapadékelorejelzések alkal-
mazédsinak fontossigat hangsilyozta.

Antal E.

A KOZPONTI LEGKORFIZIKAI INTEZET AZ EUREKA PROGRAMBAN

Az EUREKA programot 1985. julius 17-én
jelentették be Parizsban. A program célja
az volt, hogy a fejlett technika-technolégia
teriiletén a vallalatok és
szorosabb kapesolata révén novelje az eurdpai
tokés orszagok iparinak, gazdasiganak ver-
senyképességét a vildgpiacon. Mivel az ipari
tevékenység és a technoldgia-fajlesztés elkép-
zelhetetlen a kdrnyezeti hatdsok szambavétele
nélkiil, az EUREKA-ba egy kérnyezeti kutaté
programot is belefoglaltak, amely a EUROT-
RAC (EUROpean experiment on TRAnsport
and transformation of environmentally relevant
trace Constituents in the troposphere over Europe)
nevet kapta.

A EUROTRAC egy olyan kozés eurdpai
kornyezeti program, amely az emberi tevékeny-
ségnek az Eurépa feletti troposzféra kémiai
osszetételére gyakorolt hatasait vizsgilja. bben
a vizsgalatban kiilén hangsulyt kap a természe-
tes és antropogén eredetii anyagok légkéri
terjedése és atalakuldsa, valamint légkérbol
valé kikeriilése. Els6sorban azokrél az anya-
gokrdl van szd, amelyeknek jelentés a  be-
folyasuk a kérnyezetre, példaul a savas anya-
gokrél és az oxidansokrol, illetve az ezek
képzédésében szerepet jatszé anyagokrol. A
EUROTRAC f5 célja, hogy bévitse ismeretein-
ket a légkori folyamatokrdl, a légkér és a
bioszféra kozotti  kapesolatrdl, tudoményos
alapokat adjon a kornyezetgazdalkoddssal
kapesolatos politikai doéntésekhez és elGsegitse
a  kérnyezetiink allapotinak megfigyelésére
szolgild érzékeny miiszerek kifejlesztését. A
program interdiszeiplindris jellegének meg-
felelden a munkéaban a legkiilonbézébb szak-
teriiletek miveléi mitkédnek egyiitt.

kutatdintézetek -

A EUROTRAC Nemzetkozi Végrehajto
Bizottsiga eddig 11 £6 kutatdsi témat fogadott
el. Az Orszagos Meteoroldgiai Szolgdlat Koz-
ponti Légkorfizikai Intézete (tudomasunk sze-
rint az egyetlen olyan magyar intézmény,
amely részt vesz az EUREKA programban)
ezek koziil kettében vesz részt. Az egyik a TOR
(Troposhperic Ozone Rescarch), amely a troposz-
férikus dzonnal kapesolatos kutatasokat fogja
Gssze. A probléma lényege, hogy ma Eurdpaban
az dtlagos felszinkdzeli 6zon-koncentracia két-
szerese a 100 évvel ezelGttinek és jelenleg is
évente 1— 29 -kal nd. Gyakran alakulnak ki
fotokémiai szmog-helyzetek, aumelyeket, tohbek
kozott, a magas ézon-koncentracié jellemez.

A TOR program az 6zon keletkezésének
és terjedésének elméleti és kisérleti vizsgalatat
tekinti 6 feladatanak. Felszini, repiilégépes
és magaslégkori 1éggémbos mérések tartoznak
a programba, valamint elméleti kutatasok,
matematikai modellek, amelyek megkisérlik
leirni az ézon és egvéb oxidinsok keletkezésének
folyamatat és légkari terjedését killonbozo
koérnyezeti feltételek mellett.

A Kozponti Légkorfizikai Intézet Levego-
kémiai osztéalya mind a mérési, mind a model-
lezési feladatokban részt vesz. Mivel EKurépa
alapvetéen a nyugatias légiramlisok évezeté-
ben helyezkedik el, a k-pusztai regiondlis hdat-
térdllomason végzett mérések kozel 300 km-rel
novelik meg azt az utat, amelyen a szennyezett
levegében lezajlé dtalakuldsok nyomon-kévet
heték.

A masik kutatisi téma a BIATEX (Blo-
sphere| ATmosphere K Xchange), amely a biogzfé-
ra és a légkor kapesolatéval foglalkozik. A biosz-
féra a légkori nyomanyagok forrdsa és nyeléje
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is lehet. Befolyasolja a légkor kémiai ossze-
tételét és ezen keresztiill hatast gyakorol az
oxidédnsképzidésre, a savasodisra, sét koz-
vetve a Fold éghajlatira is. A BIATEX egy-
részt a bioszférabol a légkdrbe kertild, illetve
a légkorbdl a bioszféraba juté anyagok Ossze-
tételével és mennyiségével, masrészt a ki-
bocesétasért és az elnyelésért felelés folyamatok
vizsghlatival foglalkozik. A program méréseket,
miiszer- és modszerfejlesztést, valamint elméleti
kutatasokat tartalmaz.

A Kézponti Légkorfizikai Intézet Levegt-
kémiai osztilydn rvégéta folyik a giazok és
aeroszol részecskék kiiilepedésének vizsgalata.
A BIATEX keretében elsésorban a nitrogén-
vegyiiletekkel foglalkozunk. Folytatédnak az
1987-ben megkezdett repiilégépes koncentracié-
profil mérések és sor keriil a nitrogén-vegyiiletek
légkor és bioszféra kézotti fluxusinak mérésére
is. Sajnos, a BIATEX kéz0s, nemzetkézi terep-
mérésein valérészvételunk pénziigyi okok miatt
kétséges.

Haszpra L

A XX. ALP-| METEOROLOGIAI NEMZETKOZI KONFERENCIA

1988 szeptember 18 és 25 kozott zajlott le
Sestolaban, az Kszak-Appeninek 1020 m tszf-i
magassigban fekvs kis hegyi idtilShelyén. A
konferencin rendezését az Itiliai Meteorolégiai
Szolgalat vallalta magdra, tébb intézmény
anyagi tdmogatésaval.

A Lkonforaneia valéban nemzatkézi jellegii
volt. A kiilfsldiek tébbsége az Alp-i orszagokbdl
érkezett, de mas eurdpai orszigokbdl, s6t mas
kontinensekrdl is  érkeztek meteorolégusok,
akik el6adasaikkal, hozziszélasaikkal gazdagi-
tottak a konferenciat.

Az elbadasok tematikajit az alibbiak szerint
csoportositottak: 1) altalanos klimatoldgin és
statisztika: 2) Altaldnos szinoptikus meteoro-
légia, beleértve az analizist, elérejelzést, to-
vabba esettanulményokat: 3) ho-glacioldgia,

hidrometeorolégia; 4) numerikus modellezés,
objektiv elérejelzés, ilyen jellegli  esettanul-
manyok: ebben a témakérben hallhattunk

az Alpex-eredményeket értékeld, tovabba a
planetaris hatarréteg, kérdéseivel foglalkozd
elbadésokat is; 5) mezoskalaji rendszerek,
noweasting, s a hozzi kapesolédd megfigyelési
médszerek és berendezések ; 6) levegdszennyezés,
ill. levegémindség, sugirzis- és energiaprob-
lémék: 7) hegyvidéki meteorolégia, hegyvidéki
éghajlati kérnyezet és emberi tevékenység,
tovabba biometeoroldgiai kérdések kare.

Az el6adasok szdmdt tekintve az 1., a 4. és
az 5. témakér volt a leggazdagabb. Az eld-
addsok nagy tobbsége a szakmai igényesség
jegyében végzett munkardl tanuskodott, ugyan-
csak igényesen elkészitett szemléltetGanyag,
vetitett abrak, diafilmek dltal kisérve. Az olasz
rendez6garda mind szakmai, mind technikai
tekintetben zokkendmentessé tette az eldadéisok
bonyolitisat. Négynyelvii szinkrontolmécs segit-
ségével mind az eldadottak, mind nyomukban
a vita, sokszor orvendetesen élénk eszmecsere
jol kévethetd volt.

Az 5) témakérben magyar részrdl a Bodolainé
Jakus Emma— Vissy Kéaroly: Untersuchung
des Einflusses der Alpen auf die heftigen
Sturme herforrufenden Gewitter, in Ungarn,
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unter Einbeziehung von Satelliten Daten™ c
eldadds hangzott el. Eldaddja, Vissy Karoly
olyan specidlis id6jardsi helyzetet demonstralt,
amely foléttébb kedvez a Kérpat-medencében,
ismétlédod instabilitdsi vonalak kialakulésianak,
de amelynek létrejéttében az Alpoknak blokkolé
szerepe van. Az Alpok kézelségének a Balaton
kérzete iddjardsara gyakorolt hatésa adott
indokot arra, hogy Bijti Béla a magival hozott
poszter és szines videofilm segitségével ismer-
tet6t adjon a Siéfoki Obszervatérium vihar-
jelzé szolgilatarél. E szines bemutaté jélesGen
oldotta az ésszetettebb kutatdsok eredményeit
komoly figyelemmel koveté hallgatdsig faradt-
sagat.

A konferencia szervezdi lehetévé tették, hogy
a résztvevik kis létszdm csoportokban meg-
tekintsék a Monte Cimene (2165 m tszf) cstesan
miikédo obszervatériumot, ahol a hagyoméanyos
meteoroldgiai megfigyeléseken tal légkori 6zon
és légkori CO, mérést is folytatnak.

Az Alp-i konferenciara szant dolgozatok
tébbségérél a szerz6k kétnyelvii Gsszefoglalét
kiildtek a szervez$ bizottsagnak, a kotetbe
foglalt Gsszefoglalékat valamennyi résztvevd
megkapta, ezzel is kénnyebbé valt az eléaddsok
kovetése.

A konferenciian tébb, nemzetkozileg elismert
szaktekintély mellett sok fiatal kolléga is részt-
vett, akiknek a dinamizmusa, j6 szakmai f6l-
késziiltsége élénk eszmecserékkel, az egyes
problémdk tébbszempont megvilagitasival a
konferencia szakmai eredményességét novelte.
A konferencia nemzetkézi jellegét emelte ki
az a tény is, hogy a megnyitén résztvett G.O.P
Obasi, a WMO fétitkara is.

A szakmai rendezésen tul a Sestola-i helyi,
tovabba a Modana-i tartoményi idegenforgalmi
hivatal munkatérsai nagy gyakorlattal, gon-
dossaggal sokat tettek azért, hogy a vendégek
jol érezzék magukat. Szép orgonahangversenyt
és a helyi férfikorus el6adasat hallgatva gy6zod-
hettiitnk meg arrdl, hogy Olaszorszag ma is
a zene miivelésének szeretetében él.

Adamyné Koflanovits H.
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SZERZOINK FIGYELMEBE

Az IDOJARAS célja az elméleti és alkalma-
zott meteorolgia targykorébe tartozd tanul-
manyok publikélasa. A tanulményok uj kuta-
tési eredményeket tartalmazd beszimolok,
illetve adott szakteriilet idGszeri kérdéseit
osszefoglalé kritikai szemlecikkek lehetnek. A
koézlés nyelve: magyar vagy angol. A kettes
sortavolsaggal gépelt kéziratok két példanyban
kiildendék be a kévetkezé cimre: Idojaras Szer-
kesztosége 1525 Budapest, Pf. 38.

A kéziratokat a szerkesztébizottsag lektoral-
tatja. A lektor nevét a szerzdvel nem kozoljiik.
A kéziratnak a kovetkez6 formai igényeket
kell kielégitenie:

Cimrész: Tartalmazza a tanulmany cimét, a
szerzb(k) nevét, munkahelyét és ez utébbi pon-
tos cimét.

Osszefoglalas: Kiilon oldalakon, magyar és
angol nyelven, tartalmazza a kutatés céljat,
moédszerét és a kapott eredményelket.

Sziovegrész: Alcimekkel értelemszertien fe-
jezetekre tagolandé.

Irodalmi hivatkozisok: Szdévegben a hivat-
kozés tartalmazza a szerz6(k) nevét aldhuzva
és a publikalas évét. Pl egyetlen szerzd esetén:
Réna (1909), vagy ha a szerzd neve a szévegbe
nem illesztheté be: (Rdna, 1909); két szerzd
esetén: Gamow 6és Cleveland (1973); tobb szer-
z6 esetén: Bacsé et al., (1953). Ha adott szerzék
ugyanazon évben publikalt tébb cikkére hivat-
kozunk, akkor az évszamhoz a, b stb. betiiket
irunk. Az irodalom felsoroldsa a cikk végén a
szerz6(k) neve szerinti betlrendben torténik.
Folyéirat esetén: szerz6(k) neve, évszém, a
cikk cime, a folydirat neve, kotetszam, kezds
€s befejezé oldalszam. Pl.: Dész, F., 1955: A
meteoroldgiai kutatds idészert kérdései. Ido-
jaras 57, 65 —70. Konyv esetén: Szerz6(k) ne-
ve, évszam, konyveim, kiadd, megjelenés helye.
Pl Junge, C. E., 1963: Air chemistry and
radioactivity. Academic Press, New York and
London.

Abrik: A kézirat els§ példénydhoz az éb-
rakat pausz- vagy mm-papiron, a méasodikhoz
az eredeti abréak mésolatat kell csatolni. Az
abrak aldirdsait kiilon lapon kell mellékelni.
Fényképek fekete-fehér szinben, fényes, kont-
rasztos mindségben nyujthaték be.

Tablazatok: A tablazatokat arab szémo-
zéssal, szovegiikkel egyiitt, kiilén lapon kell
mellékelni.

Matematikai formuldk és jellések: A nem
latin betliket és kézzel irott jeleket a margén
ceruzaval irt magyardzattal kell ellatni.

A szerz6k megjelent tanulmanyukért tisz-
teletdijat és téritésmentesen 30 db kiilénlenyo-
matot kapnak. TGbb kiilonlenyomat a szer-
z6 koltségére a kézirat elkiildésével egyidejiileg
rendelhetd.

NOTES TO THE AUTHORS

The purpose of TDOJARAS is to publish
papers in the field of theoretical and applied
meteorology. These may be reports on new
results of scientific investigations or critical
review articles summarizing current problems
in certain subject. Authors may be of any
nationality but papers are published only in
Hungarian or English. Two copiees of the
manuscripts, typed with double space, should
be sent to the Editorial Office of Idgjaras. Ad-
dress: Budapest, P. 0. B. 38. H-1525, Hungary.

Papers will be subjected to constructive
criticism by unidentified referees.

The manuscript should meet the following
formal requirements:

Title: Should contain the title of the paper,
the name(s) of the author(s) with indication
of the name and address of employment.

Abstract: Should contain the aim, method
and conclusions of the scientific investigation
on a separate page.

References: The text citation should con-
tain the name(s) of the author(s) underlined
and the year of publication. In case of one auth-
or: Réna (1909), or of the name of the author
cannot be fitted into the text: (Réna, 1909);
in case of two authors: Gamow and Cleveland
(1973); there are more than two authors: Ba-
csé et al. (1953). When referring to several
papers published in the same year by the
same author, the year of publication should be
followed by letters, a, b etc. At the end of the
paper the list of references should be arranged
alphabetically. For an article: the name(s) of
author(s), year, title of article, name of journal,
volume number, pages. E. g. Dési, F. 1955:
Current problems of meteorological research.
Idéjaras 57, 656—T70. For a book: the name(s)
of author(s), year, title of book, publisher,
place of publication. E. g. Junge, C. E., 1963:
Air chemistry and radioactivity. Academic
Press, New York and London.

Figurens: Should be prepared entirely in
black India ink upon transparent paper and be
attached to the first copy of the manuscript; a
copy of the original figures should be attached
to the second manuscript copy. The legends of
figures should be given on a separate sheet.
Photographs of good quality may be provided
in black and white.

Tables: Should be marked by Arab num-
bers and provided on separate sheets together
with relevant captions.

Mathematical formulas and symbols: Non-
Latin letters and hand-written marks should
be explained by making marginal notes in pencil.

Authors are receiving 30 reprints free of
charge. Additional reprints may be ordered
at the authors expense when submitting the
manuscript.
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