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Changes in climate variability and extreme weativet climate events in the 20th century, especialte last two-three decades of the
20th century, have been discussed in many recamitsic publications. Attempts to project the rééswof such studies in the future have
been made under different assumptions. The follgwivo topics are discussed:

» of the well-known scenarios predicting changesefdlimate in the 21st century (taken from Hougtebal., 2001)

and

» the impact of these changes on the pollution leietifferent parts of Europe.

1. Predictionsfor increased temperaturelevelsin Europe
Several scenarios, called SRES, are discussétbughton et al., 2001). We chose to follow the SR2S
scenario. Resulting from it changes of the tempeeain Europe are shown in Fig. 1.
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Fig. 1.Changes of the temperature in Europe accordingembthe scenarios in Houghton et al. (2001)

2. Choice of scenarios

The Unified Danish Eulerian Model (UNI-DEM), seanidv et al. (2004), Havasi and Zlatev (2002) and
Zlatev(1995), has been run with many scenariosfperiod of 16 years (from 1989 to 2004) on a fesolution grid
(10 km x 10 km surface cells) over a space domawering the whole of Europe together with parté\sia, Africa and
the Atlantic Ocean. A list of the applied scenai®given in Table 1. All these scenarios were aarpowerful parallel
computers at the Danish Centre for Scientific Cotimgu Some of the runs on these computers areusksd in
Alexandrov et al. (2004) and Dimov et al. (2004).

The predicted, by the IPCC SRES A2 scenario, dnthenges of the temperature, see Fig. 1, were tsed
produce scenario Climate 1. The extreme casedwiibme even stronger in the future climate; seéeTa on p. 575
in (Houghton et al., 2001). It is expected thattlfere will be higher maximum temperatures andenfwt days in the
land areas, (ii) there will be higher minimum temgares, fewer cold days and fewer frost days arlgell land areas
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and (iii) the diurnal temperature range will beueeld over land areas. These recommendations wene itato account
in the preparation of scenario Climate 2.

It is also expected, see Table 9.6 on p. 575 ou(tton et al., 2001), that: (i) there will be manéense
precipitation events and (ii) there will be incredssummer drying and associated risk of droughtes&h
recommendations were taken into account in thegpation of scenario Climate 3. Scenarios Constagtebtology
and Constant Emissions were prepared in order fitaigxthe necessity to run the model over a longtperiod. The
trend of reducing the annual means of the conciomsaof most of the studied species in the pefi®89-2004 is
preserved when the meteorological conditions apt kenstant, however, the variability of the corications, from
one year to another, is lost. The variability of thnnual means of the concentrations, from one tgeanother, is
preserved when the emissions are kept constanth®ttend of reduction is lost.

The last six scenarios in Table 1 are emissionaies. These are mainly used to demonstrate thdHat the
relative part of the biogenic emissions is increaeed this should be taken into account in largeatic studies.

Only a few results from some of the scenarios iBd&limate 1, Climate 2 and Climate 4) will be ogied in
this paper.

Table 1. Different scenarios run in connection Wit climatic studies

Scenario M eteor ology Anthropogenic emissions Biogenic emissions
Basic EMEP and NERI EMEP and NERI Basic
Constant meteorology Meteorology for 1989 as inBhsic Scenario as in the Basic Scenario
Constant emissions as in the Basic Scenario Emis$iw 1989 as in the Basic Scenario
Climate 1 Increased temperatures |aas in the Basic Scenario as in the Basic Scenario
predicted in SRES A2
Climate 2 as in Climate 1 + diurnal andas in the Basic Scenario as in the Basic Scenario
seasonal variations
Climate 3 as in Climate 2 + neyas inthe Basic Scenario as in the Basic Scenario
humidity and precipitation
2010 as in the Basic Scenario Obtained by usingAMAactors;| as in the Basic Scenario
Annan et al. (2001)
MFR as in the Basic Scenario Obtained by using AAf&ctors; | as in the Basic Scenario
Annan et al. (2001)
Climate 2010 as in Climate 3 as in Scenario 2010 in #we Basic Scenario
Climate MFR as in Climate 3 as in Scenario MFR nahe Basic Scenario
Biogenic 2010 as in Climate 3 as in Scenario 2010 ncrelased
Biogenic MFR as in Climate 3 as in Scenario MFR inaBiogenic 2010

Remarks related to the climatic scenarios givehahle 1:

1. Basic Biogenic emissions are produced by applydwps proposed in Simpson et al. (1995) and Lldmeait
Schopp (1989); see Geernaert and Zlatev (2004).

Increased Biogenic emissions are produced by appidieas from Anastasi et al. (1991).

MFR refers to the IIASA scenario withl aximum Feasible Reductions of the anthropoggenic emissions; see
Amann at al. (2001).

2.
3.

3. Computational aspects

The performance of the computations, which aretedléo the scenarios given in Table 1, is a veffjcdit
task. The air pollution model used (UNI-DEM, seect®m 1) is described mathematically with a systefpartial
differential equations. After the application ofitable splitting procedures and the discretizatafnthe spatial
derivatives, several huge systems of ordinary difigal equations are to be treated at every titep-E£ach of these
systems of ordinary differential equations consistenore thareight million equations. The number of time-steps is
greater than 200000. The total number of runs igktp the product of the number of scenarios d&ednumber of
years (i.e. about 200). It is clear that both pdueparallel computers and efficient software, blieh the potential
power of the available computers can successfullyutilized, are needed. The development of suctwaoé is
discussed in detail in Alexandrov et al. (2004) &nichov et al. (2003,2004). Therefore the computaiaspects will
not be further discussed in this paper. Howeveshauld be emphasized, once again, that it wastpess accomplish
the huge task of running the scenarios that aedlim Table Jonly because very efficient software was developed and
powerful computers were available.

4. Temporal resultsrelated to high ozone levels

High ozone levels might cause damages to cropsstfdrees and human health. Therefore severatatrit
levels have been established in the European Ursee,the Directive 2002/3EC in European Parlianf2@02).
According to one of these critical levels, the &haverage values of the ozone concentrations dhmatl exceed 60
ppb in more than 25 days (called also “bad daysdn2 and Fig. 3).

The temporal variations of the numbers of daysthich the limit of 60 ppb is exceeded at leastne period

of 8 hours is given in Fig. 2 for the Danish sitéddrg. It is seen that
» the EU limit of 25 “bad days” is clearly exceededtihe beginning of the interval of 16 years, butdyally the
situation is improved (due to the reduction of Ehgopean anthropogenic emissions in the 90ies),
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RESULTS OBTAINED AT ULFBORG
BAD DAYS IN WHICH THE 8-HOUR AVERAGES EXCEED 60 PPB
UNITS: NUMBER OF BAD DAYS
THE BLUE DOTTED LINE SHOWS THE EU LIMIT
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Fig. 2. Variation of the numbers of “bad days” (gag which the 8our average values of the ozone concentre
exceeding at least once the critical value of 60) pphe EU limit of 25 days is given by the bludtdd line. The res
are for the Basic Scenario and for three climatenarios.

» there is a clear annual variability of the numbietbad days”,

e at this Danish site, the climatic scenarios arelpcong more “bad days” than the Basic Scenario ttieidifference
is not very big).

5. Spatial resultsrelated to high ozone levels
Results related to the distribution of the numhmdrdays in the space domain for year 1997 arengive-ig. 3.

It is seen that the following conclusions can bendr from the results shown in Fig. 3.

e The numbers of “bad days” in a large part of Westeurope are not changed too much (the changeshateren
100% and 120%). There are however, some exceptiaais]y in France and Spain.

» Scenario Climate 3 gives biggest increases of timbers of “bad days” in the regions where the mtedi by the
SRES A2 scenarios changes of temperatures ardigigest (compare the increases of the temperaturies. 1
and the increases of the numbers of “bad daysigr8)

Conclusions

The main conclusion is that the climatic scenases giving significant increase (by more than 6@fjhe
number of “bad days” in some parts in Europe. Thignfortunate, because the increase of the “bgd’da expected
to have damaging effects on human health.

The uncertainties of the results from the companiatwith the scenarios shown in Table 1 shoulddrefully
analyzed. The uncertainties are mainly due to
e uncertainties in the input data (both the emissiata and the meteorological data),
e uncertainties in the description of the physicall ammemical processes in the model (the uncertairgfethe

available descriptions of the chemical reactioriadpamportant),

« errors caused by the numerical algorithms andphgisg procedures
and also
» several other sources of uncertainties.
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It is necessary to continue this study by takirtg tonsideration:

e other critical levels

and

¢ the impact of the emission scenarios in Table therpollution levels.

COMPARING TWO SCENARIOS

Days with 8—hour averages greater than 60 ppb

Water areas

Run on a (480x480) grid / (10 km x 10 km) cells Hl Above 160

April 1997 — September 1997, Ratios: 100*A/B 5 14218 : 128
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Fig. 3 The distribution of the ratios of numbersafl days for the scenario Climate 3 and the B3stmario for 1997.
The numbers are multiplied by 100 in order thetigetchanges in percent.
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