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ABSTRACT 

t ion  Model Application w i t h i n  the Framework of Control Strategy Development - 
i s  described i n  de ta i l .  The three branches acid deposition, photochemistry 
and data base and the i r  mutua l  connections are presented. Main emphasis i s  
given to  the data base including the emission data base part  o f  the project, 
being essential to make further applications i n  the other branches possible. 

To demonstrate which resu l t  can be expected from the project i n  the near 
future,  some calculations are presented fo r  a photochemical episode. 

The concept and set-up of PHOXA - Photochemical Oxidants and Acid Deposi- 

INTRODUCTION 
The German and Dutch governments have a long history i n  j o i n t  studies and 

research on a i r  pollution. 

In the beginning of 1983, t h e  two governments decided to  s t a r t  a combined 
project t o  evaluate and quantify large scale air pollution phenomena, es- 
pecially acid deposition and photochemistry, on a European scale. This pro- 
j e c t  called PHOXA, Photochemical Oxidants and Acid Deposition Model Applica- 
tion w i t h i n  the Framework of Control Strategy Development, has been s ta r ted  
January 1, 1984. 

The aim of PHOXA is to c la r i fy  and quantify the behaviour of acid deposi- 
tion and photochemistry i n  Europe, because i t  i s  obvious from a number of 
studies that acid deposition and photochemistry are long range processes 
covering large p a r t s  of Europe. 
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Because international abatement measures have t o  be taken t o  control acid 
deposition and photochemistry, international projects s h o u l d  be set-up t o  
study acid deposition and photochemistry. In these projects as many countries 
as possible should co-operate and experts fran different countries should 
work together. Among these experts consensus should be reached about the best 
available knowledge and how to  apply t h i s  knowledge to  arrive a t  a system by 
which the e f fec t iv i ty  of proposed abatement strategies can be evaluated. 

By the end of 1984, the Commission of the European Comnunities formally 
joined the PHOXA project, the OECD followed i n  the course of 1985, and in 
1935 a lso  Scandinavian and Brit ish in s t i t u t e s ,  Close relations ex is t  w i t h  the 
EMEP project. 

THE PHOXA PROGRAM 

The PHOXA program i s  subdivided into four strongly related branches w i t h  
the responsibil i t ies indicated below: 

0 Photochemf cal Oxidants: The Netherl ands/TNO 
Acid Deposition/Appl ication of simpler models: Federal Republic of 
Germany/TH Darmstadt 

0 Acid Deposition/Application of complex models: Federal Republic of 
Germany/FU Bet1 i n  

0 Data Bases: Federal Republic of Germany/Dornier System; 
The  Netherl ands/TNO. 

The following items are of main interest: 

( a )  Model i ng area 
According to the long-range transport phenomena involved, a modeling area 

covering almost entir$y North-Western Europe has been chosen. The border1 ines 
of this area are: 10' longitude West, 24" longitude East, 47" 30' l a t i tude  
Morth, 60' l a t i tude  North. The area Covers 3.129.000 km2. 

As can be seen from Fig. 1, most of t h e  main emisslon areas o f  Western Europe 
a re  contalned w i t h i n  the model area, which prevents the atmospheric processes 
occurring inside from being dominated by the fluxes across the boundaries 
of the  model area. 
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For modeling purposes the area i s  covered by a latitude/longitude grid w i t h  
a g r i d  resolution of 112" longitude x 1/4" l a t i tude  which gives 3400 grid 
elements each with an area o f  approximately 30 x 30 km2. 

by the ECEKMEP project. 
F i g .  1 shows also the re la t ive  location of the PHOXA area t o  t h a t  covered 

W i t h i n  a cooperation w i t h  OECD the PHOXA area will be extended t o  the North 
as shown by the dashed l ine  i n  the Figure 1. 

( b )  Dispersion models 

more sophisticated ones up  t o  highly cmplex models. Depending on the speci- 
f i c  question, the most suitable model w i l l  be used. 

Concerning photochemical oxidants the investigation of h i g h  concentration 
episodes i s  o f  major in te res t  a t  present whereas for acid deposition episodic 
as well as long-term calculations are performed. 

In PHOXA several dispersion models are applied from rather simple models t o  

The following models are applied: 

A)  Photochemical Ox idan t s  (Episode Calculations) 

tions Inc. USA. T h i s  model contains a rather detailed chemistry module, 
based upon the carbon-bond concept. 

Regional Transport Model 111 (RMT 111 Model) developped by Systems Applica- 

B) Acid Deposition 
B 1 )  SO2 and reaction products 

Episode calculations 
- TDMB grid model (TH Darmstadt) 
- RIVM grid model (Rijksinsti tuut v o w  Volksgezondheid en Milieuhy- 

giene, Bilthoven) 
Transport and Deposition of Acidifylng Pollutants (TADAP) model, 
Environmental Research and Technology, USA. The development of t h i s  
highly complex grid model has been sponsored by Ontario Ministry of 
Env i  romnent, E n v i  romnent Canada and Umwel tbundesamt, Federal 
Republic of Germany. 

- 

0 Long-term calculations 
- TDMB grid model (TH Darmstadt) 
- EMEP model (MSC-West, Oslo). 
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62) NO, and r e a c t i o n  products 

t e n  c a l c u l a t i o n s  i s  s t i l l  under way. 

The process o f  se lec t i ng  the  appropr ia te models for  episodic and f o r  long- 

c)  Per i  ods se lected fo r  c a l c u l a t i o n s  

i n g  t ime per iods which have been se lected according t o  concentrat ion/deposi- 

t i o n  measurements ou t  o f  t he  pe r iod  1980 - 1983: 

Wi th in  the  present phase o f  PHOXA the  models w i l l  be app l i ed  t o  the fo l low-  

0 Photochemical ox idants  

22.07. - 26.07.1980 (PHOXA) 

29.05. - 02.06.1982 (PHOXA/CEC) 

03.06. - 06.06.1982 (PHOXA/OECD) 

0 Acid depos i t i on  

Episodes: 

26.02. - 01.03.1982 (s imp le r  models) 

20.02. - 11.03.1982 (TADAP) 

Long- term: 1982. 

It should be s t ressed t h a t  f o r  model v a l i d a t i o n  purposes the i n v e s t i g a t i o n  

o f  a l a r g e  v a r i e t y  o f  d i f f e r e n t  t ime periods, showing d i f f e r e n t  character is-  

t i c s ,  i s  required. 

d) Data bases 

For  model app l i ca t i ons  data bases have been establ ished concerning emis- 

sion, meteorology, ambient a i r  concentrations/deposit ion and land use. 

The emission data base comprises the  f o l l o w i n g  substances: SOp, SO,-, NO, 

NO2, CO, NH3, anthropogenic VDC emissions ( s p l i t - u p  i n  d i f f e r e n t  categor ies)  

and VOC emissions from fo res ts .  The data base shows a degree o f  d i f f e r e n t i a -  

t i o n  i n  terms o f  source types which a l lows t o  assess i n  d e t a i l  the con t r i bu -  

t i o n  o f  d i f f e r e n t  source types t o  concentrat ion and deposi t ion l eve l s .  

The base year o f  t h i s  data base i s  1980. Special programs make i t  poss ib le  

t o  c rea te  data bases f o r  o ther  years and f o r  s p e c i f i c  episodes by i nc lud ing  

temperature i n f l uences  and operat ing procedures f o r  major sources. 

+ 

A t  present a d e t a i l e d  comparison i s  c a r r i e d  ou t  between t h i s  PHOXA emission 

data base and the i nven to r ies  obtained by the OECD and emission in format ion 

obtained by the  Commission o f  the European Communities. 
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The meteoro log ica l  i n p u t  requ i red  depends on the models appl ied. I n  p r i n -  

c i p l e ,  t he re  a re  two ways t o  c rea te  the  meteorological input: 

by d e r i v i n g  i t  fran observat ions 

by us ing a meteoro log ica l  p r e d i c t i o n  mode 

Both methods are app l i ed  w i t h i n  PHOXA. 

For the  SAI-RTM 111 model the wind and m i x i n  he igh t  f i e l d s  have been 

c rea ted  by the Royal Dutch Meteoro log ica l  I n s t i t u t e ,  the f i e l d s  o f  the other  

parameters by Free U n i v e r s i t y  Be r l i n .  The meteorological i n p u t  requ i red  by 

the  ERT-TADAP model f o r  a c i d  depos i t i on  c a l c u l a t i o n s  i s  e n t i r e l y  der ived from 

the weather p r e d i c t i o n  model o f  the German Weather Service, c a l l e d  EUROPE-Mo- 

d e l l .  

I n  order t o  de r i ve  i n i t i a l  and boundary cond i t i ons  and f o r  model v a l i d a t i o n  

Wi th in  t h i s  data base the f o l l o w i n g  q u a n t i t i e s  f o r  a number o f  s u i t a b l e  

purposes measured concentrat ion and depos i t i on  data are quired. 

measuring s t a t i o n s  are assembled: 

concentrat ion o f  gases: 

SO2, NO, NO2, 03, PAN 

concentrat ion o f  aerosols: 
+ 

SO,-, NO;, NH4 

p r e c i p i t a t i o n :  
+ + 

SO,-, NO;, NH4, C1-, H , pH. 

The data have been submitted by s t a t e  agencies and by the Chemical C b o r d i -  

n a t i n g  Centre o f  EMEP in Oslo. 
Concerning model v a l i d a t i o n  there i s  no doubt t h a t  a model which aims a t  

suppor t ing c o n t r o l  s t ra tegy development has t o  be va l idated.  A l s o  the 
u n c e r t a i n t i e s  invo lved i n  model app l i ca t i ons  have t o  be known q u a n t i t a t i v e l y .  

The present procedure o f  comparing ca l cu la ted  volume - averaged q u a n t i t i e s  

w i t h  the corresponding q u a n t i t i e s  der ived from p o i n t  measurements can only be 

considered as a f i r s t  step towards a more comprehensive and systematic 

Val i d a t i o n  approach. Espec ia l l y  the v a l i d a t i o n  o f  long-range t ranspor t  models 

showing a h igh degree o f  complexity requi res the s o l u t i o n  o f  a v a r i e t y  o f  

methodological problems. Consequently, PHOXA has s t a r t e d  the development o f  a 

Val i d a t i o n  framework f o r  i t s  d ispers ion models. 
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Land use in fo rma t ion  i s  requ i red  

0 t o  de r i ve  micro-meteorological parameters 

0 t o  de r i ve  d ry  deposi t ion v e l o c i t i e s  and 

0 t o  c a l c u l a t e  b iogenic  emfssions. 

The land  use data base f o r  PHOXA conta ins the f o l l o w i n g  categor ies:  

01 

02 

03 
04 

05 

06 

07 

08 

09 

water sur face 
cropland, arable l and  

meadows, grass1 and 

permanent crops 

b u i l t - u p  areas 

deciduous f o r e s t  

c o n i f e r s  

mixed f o r e s t  

bare s o i l  

10 wetland. 

Per g r i d  c e l l  the percent  coverage of each o f  the above categor ies i s  

given. From t h e i r  d i s t r i b u t i o n  a mean roughness l eng th  and a mean dry  deposi- 

t i o n  v e l o c i t y  a re  ca l cu la ted  per g r i d  c e l l .  

FIRST, PRELIMINARY, RESULTS 

A f t e r  having es tab l i shed  the  i n p u t  data bases - which was q u i t e  a t ime 

consuming work o f  roughly  2 years - f i r s t  r e s u l t s  have been obtained by 

c a r r y i n g  ou t  c a l c u l a t i o n s  f o r  a f ive-day photochemical episode i n  1980, 

22-26 Ju l y .  

Fig. 2 and F ig.  3 g i ve  two examples f o r  the r e s u l t s  obtained. F ig .  2 shows 

a comparison between ca l cu la ted  and measured ozone concentrat ions w i t h i n  the 

e n t i r e  study area f o r  a s p e c i f i c  hour. It can be seen t h a t  the s t ruc tu re  of  

the measured and the  ca l cu la ted  concentrat ion f i e l d  i s  q u i t e  s i m i l a r  and t h a t  

the ca l cu la ted  maximum corresDonds - in terms o f  he igh t  and l o c a t i o n  - w i t h  

the  measurements. 

the measured concentrat ions f o r  the moni tor ing s t a t i o n  Langenbrijgge i n  the 

Federal Republic o f  Germany. Again, the model shows q u i t e  good p r e d i c t i v e  

s k i 1  1 s. 

Fig. 3 shows the t ime se r ies  on an hour-by-hour basis o f  the ca l cu la ted  and 
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I n  a d d i t i o n  t o  the demonstration o f  the model's s k i l l  t o  reasonably simu- 

l a t e  the d i s t r i b u t i o n  o f  ozone i n  space and time, the  f o l l o w i n g  main conclu- 

sions from the r e s u l t s  obtained u p t i l  now can be drawn: 

0 Dur ing extended t ime per iods r a t h e r  h igh ozone concentrat ions may occur 

w i t h i n  the study area. These concentrat ions may exceed 100 ppb. 

0 The area a f f e c t e d  by t h e  h igh  concentrat ions may cover l a r g e  p a r t s  o f  

the study area. This  i s  a c l e a r - c u t  i n d i c a t i o n  t h a t  the ozone problem i s  

a m u l t i - n a t i o n a l  problem i n  Europe w i t h  corresponding p o l i c y  i m p l i -  

ca t i ons .  

The r e s u l t s  are a t  present subjected t o  a thorough inves t i ga t i onwh ich  includes 

s e n s i t i v i t y  analys is .  More d e f i n i t e  r e s u l t s  w i l l  be obtained i n  the near 

fu ture.  This  app l i es  a l s o  f o r  t he  a c i d  deposi t ion branch o f  PHOXA. 
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F i g .  1:  PHOXA and EMEP study area 



F i g .  2: H o u r l y  Averaged Predicted Mixed-Layer 03 Concentrations (ppbl 

With Inserted Observations 
For Hour Endinq I800 on 7 / 26 / 80 W 

c 
cn 



. .I 4 - measurements - calculat ions 

Fig. 3:  Calculated versus measured concentrations of ozone (hour ly  values) for 

Langenbrugge, Federal Republ i c  o f  Germany 


