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That is, some 75 to 100 times better than 

competing systems 









The three musketeers; Millán Millán, Dr. Anthony (Tony) Barringer,  Andrew Moffat 



The new COrrelation SPECtrometer (COSPEC) introduced in 1970 
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The INCO smelter stack in Sudbury, Ontario.  At one time the tallest stack in the World, 

at 382m from its base.  It emitted from 35 to 45 kg/s of SO2  



Some members of the Canadian Atmospheric Environment Service (AES) working 

on the Sudbury Project: From Left;  Millán Millán,  Frank Froude,  Ted Turner 

(Division Head),  Fouad Fanaki,  Joe Kovalik,  Douglas Whelpdale,  Al Mosser. 





INCOMMODIOUS METEOROLOGY : Things the COSPEC could see THAT 

WERE NOT SUPPOSED TO HAPPEN 





COSPEC profiles of the Sudbury 

plume, taken along a road 

located North of Toronto, at 

some 350 km from Sudbury.  

 

The first four profiles were 

obtained by two instrumented 

vehicles following each other. 

 

The other two profiles, taken 

from 14:00 to 14:37 show the 

breaking of the plume when the 

convective activity reaches it. 

 

Under similar meteorological 

conditions this plume could be 

tracked more than 500 km, i.e., 

all the way across Lake Ontario 

onto the United States. 

 

This was part of the US-Canada 

transboundary SO2 study 

(M.Millán, responsible scientist) 













+  COSPEC’s signal 

processing algorithm 



















Vehicle deployment during the 6th Campaign for the Remote Sensing of Air 

Pollution.  All of them instrumented with one or two COSPECs.  The vehicle to 

the left was one of my units in Canada.  The CEC had invited Canada to 

participate in their Air Pollution Programmes. I was one of the two persons 

nominated by the Canadian Government in 1973 (experimental field studies).  

The other person was Dr. Douglas Welpdale (international relations). 



The Six European Campaigns for the Remote Sensing of Air Pollution (1975 to 1983), 

were instrumental in documenting that polluted airmasses were mostly advected in 

Central Europe, i.e., Belgium (Ghent), France (Cordemais) and in the UK (Drax), while 

they showed marked diurnal oscillation cycles in Southern Europe, e.g., France (Lacq) 

and Fos-Berre (Marseille) and in Italy (Turbigo).  Furthermore, the hypothesis that 

pollutants could be vertically re-circulated in some regions of Southern Europe formed 

the basis of other EC projects (1988 onwards) dealing with the dynamics of photo-

oxidants in the Mediterranean Basin. There were up to 19 COSPECs in some of the 

Campaigns.  As the father of the creature, I participated (in various ways) in all of them 



INCOMMODIOUS METEOROLOGY 



In the Bilbao Study, the COSPEC instrumented vehicle documents the drainage 

flow and the accumulation of SO2 towards the port area and the sea 



The entrance of the seabreeze can be observed  by the change in direction of 

the plumes.  At this moment the seabreeze front has reached about the middle 

of the picture. This change is also accompanied by intensive fumigation to the 

surface 



Due to the fumigation, the instrumented vehicle detects both high SO2 burden 

and high SO2 surface levels all over the estuary 



The boundary layer does not grow parabolically, as the Boundary Layer 

models would predict.  Other meteorological processes, at a larger scale, 

confine its vertical development. 



With the seabreeze fully established, the shoreline appears clean of pollutants, and the polluted 

airmass is driven back towards the interior. The same process can recur several consecutive days. 

The polluted airmass doesn’t really go away; it just oscillates, and creates an air pollution episode. 



Another Example: Overturning of airmasses  #1, early morning of 23 May 1982 

Polluted air at the bottom, cleaner air aloft 



Overturning of airmasses #2, at sunset  of 23 May 1982 

Clean(er) air at the bottom, several layers of polluted air aloft 



 In Spain information derived from tracking 

Power Plant Plumes in various coastal regions 

in summer, showed that the plumes became 

aligned along the coasts during the night. Or, if 

the Power Plant was inland, the plumes followed 

the drainage winds in major valleys. 

 

During the morning-afternoon the seabreezes 

developed and the plumes rotated and entered 

inland, even if the coast was clouded. 

 

However, in contrast to flat coastal areas (i.e., 

not backed by mountains, like the Great Lakes), 

the plumes did not rotate clockwise to become 

parallel to the coast.  Instead they tended to 

become locked in a direction nearly 

perpendicular to the coasts. 

 

These processes always occurred during the 

development of the Iberian Thermal Low. 

(Thermal lows with a diurnal cycle also develop 

in other places, e.g., Arizona, Anatolia) 



 When Portugal & Spain joined the EEC 

(EU), in 1986, there were some 

outstanding environmental problems 

in the Mediterranean, among these:  

 

1. The deposition of Nitrates over the 

sea via the Atmosphere. 

 

2. Reported high values of surface 

ozone affecting crops (since 1978). 

 

3.    Land degradation from forest fires. 

 

4.  Systematic failure of meteorology to 

forecast torrential rains. 

 

5. Loss of summer storms.  

 

6. The “1980 water runoff anomaly”. 

 

 

The CEAM was specifically created to 

deal with these, and other issues.  

 

Another “anomaly” was that the ozone 

cycles observed at the coast lines 

followed a square wave.  



This diurnal cycle was very  

different from the “classical 

urban(¿?) Los Angeles O3 cycles” 

driven by photochemistry.  

 

The upper figure shows the 

averaged diurnal cycles of O3 

concentrations recorded the last 

two  weeks of July, at the same 

coastal site in different years. 

 

 The graphs have been normalized 

to maximum value (100) in order to 

emphasise the shape of the diurnal 

cycle. 

 

 The nearly square wave shape is 

observed during the sea-breeze 

period ( 14 h at this place and time 

of year), as shown below. 

 

 The average total run of the 

seabreeze at this site during the 

day is 160 km.  



This, together with the near-continuous values of the O3 concentrations, 

suggested that the ozone had been fumigated, or came directly, from reservoir 

layers located over the sea.   

 

In principle, there were two possible mechanisms to explain the presence of the 

ozone layers over the sea: 

 

• Advection of ozone from other regions, or ozone of local-regional origin. 

 

•  The convergence over the Iberian Peninsula requires vertical injection at the 

leading edge of the breezes and subsidence of the return flows over the sea. 

 

•  Compensatory subsidence leads to the formation of layers in the return flows 

of the sea breezes, followed by sinking over the sea.  This could also lead to 

vertical recirculations on the following days. 

 

Moreover, the layers had to be large enough to maintain these concentrations for 

a long time (of the order of 10+ h during the seabreeze period).  

 

It further implied that extensive vertical re-circulations could take place along the 

coasts.  Finally, all these working hypotheses went into the preparation of the 

project Meso-meteorological Cycles of Air Pollution in the Iberian Peninsula 

(MECAPIP) submitted to the EC at the end of 1986, and signed on January 1988.  

The measurement deployment plan is shown in the next slide  



At the 22nd meeting of the COST 611 Concertation Committee held in Brussels on May 

26, 1988 (Doc. AP/71/88), agreement was reached on the priority research projects 

listed in document AP/70/88, one of which was entitled "Mesometeorological cycles of air 

pollutants in the Mediterranean area".  Prof. Becker was present.  This agreement 

allowed the CEC to award the MECAPIP project to just ONE participant research centre 

(Ciemat) from one European State (more later).  



Millán et al.,  Atmos. Environ.,30, 1909-1924 (1997) 

Model Ref. 

• In summer, the seabreeze and the 
up-slope winds create a “combined 

breeze”, with deep 
convective/orographic injections at 

its leading edge. 
 

• As this wind system grows the 
injections occur further inland and 

reach higher altitudes. 
 

• The mountain slopes act as 
“orographic chimneys” that connect 
the surface winds directly with their 

return flows aloft. 
 

• Finally, the leading edge of the 
“combined breeze” tends to become 
locked to the mountain ridges 40 km 

to 100 km inland. 

RESULTS FROM EC RESEARCH PROJECTS IN THE MEDITERRANEAN 



Layers over the Mediterranean on a summer day just before sunset.  The mountain to 

the left is higher than 700 m. 



INCOMMODIOUS METEOROLOGY.  According to prevailing 

models, the boundary layer depth should grow parabolically 

inland, but it doesn’t.  Why? (answer later) 





 The project Regional Cycles of Air Pollution in the western 
Mediterranean Area (RECAPMA, 1990-1992) was intended to 

document the continuity of the layers over the western 
Mediterranean basin and the Atlantic seaboard of Portugal. 

 
Teams from Portugal, Spain, France and Italy joined to characterise 

air pollution dynamics within the area shown. 
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In10:32 hours, the layer with the highest 

O3, located below  2000 m, in the first 

flight, has sunk more than 1500 m, and it 

is near the sea surface.  
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In 08:26 hours the layer with the highest O3 

at about 1500 m, has sunk some 750 m, and 

its ozone has increased from  80 ppbv to  

110 ppbv.  This suggests ageing 
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Further from the coasts, towards the 

centre of the basin, the profiles maintain 

their structure better during the day, 

although new upper layers appear during 

the afternoon. 



Subsidence, i.e., compensatory sinking, is favoured over the colder areas of the 

sea. Additionally, there are secondary (Margules 2nd type) circulations, mostly at 

night, that reshuffle the layers according to their potential temperature. 



 Finally, the project South European Cycles of Air Pollution in the 
Mediterranean Area (SECAP, 1992-1995) was intended to determine the 

continuity, i.e., compose a mosaic, of the atmospheric circulations over the 
whole Mediterranean Basin in summer. 

Teams from Portugal, Spain, Italy, Greece, Turkey and Israel conducted 
synoptic type measurements in the area shown. 



Millán et al., J. Geophy. Res., 102, D7, 8811-8823 (1997) 



Millán et al., Environmental Pollution,118,167-186 (2002) 
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In the western Mediterranean basin, from approximately late April to early October, the 

combined breezes, their return flows aloft and their strong compensatory subsidences 

over the sea become self-organised at the regional scale (Western Basin).  

 

•  The basin thus becomes like a cauldron that boils from the edges towards the centre 

(models can simulate this). 

•  This generates vertical recirculations that accumulate pollutants and water vapour in 

layers, stacked up to more than 5000 m over the sea (models can not see this). 

And, in answer to the question about the Boundary Layer development. 

•  The strong compensatory subsidence over the whole Western Basin confines the 

boundary layer depth of the Combined Breezes all their way inland (models can’t). 

•  The vertical re-circulation/accumulation periods can last from 3 to 10 days (some 

models, in the hands of the right modeller, can simulate this). 

Layers, by definition, because of their own thermal structure (i.e., separated by 

temperature inversions), do not mix vertically, and thus, CHEMICAL REACTIONS 

WITHIN the layers can continue for 2-4 days, independently in each layer.  

NUMERICAL MODELS BREAK UP THE LAYERS, AND MIX THE COMPONENTS 

VERTICALLY, WHEN IN NATURE THIS DOES NOT HAPPEN 

Finally, the accumulated airmass can be uplifted by a travelling depression, or a trough 

of cold air aloft, allowing the cycle to start anew. 



Courtesy of J. Fishman, NASA, J. Geophy. Res.,  95, 3599, (1990) 

Accumulation of air pollutants (ozone) associated 
with the deposition of nitrates in the western 

Mediterranean basin 



The CEAM was formally created In July 1991, but the initiative had actually 

begun before Spain joined the CEC In January 1986.  The idea was to deal 

with two issues. 

The first one was that, at that time, the CEC was considering de-localizing 

some of their Joint Research Centres.  There were negotiations to bring the 

Environment Institute (JRC-EI) from ISPRA to Spain.  

The initial contacts were headed by Javier Solana and Enrique Barón, from 

the Spanish Delegation negotiating the entrance of Spain into the EEC. 

Between 1985 and 1989, they travelled several times to Brussels and to the 

JRC-ISPRA. 

The second issue was related to the specific problems already identified in the 

Mediterranean Basin, which justified that the Environment Institute be located 

right in the Mediterranean Area.  

I was informed of these negotiations directly by the CEC.  One delay was that 

the CEC did not want to create a new centre for spent politicians. The other 

was that the EC civil servants at ISPRA’s EI did not really want to move.  

Eventually, in 1990 I had several meeting with the Spanish Secretary of State 

for Research and the Director General of Universities of the Spanish 

Government to see what could be done. 



One possibility was to create a new EC Institute in Valencia, specific for the 

already identified Mediterranean environmental problems.  

The idea was to follow a similar system to that in Petten and Karlsruhe: That 

is, a structure combining a JRC Institute plus a National Research Centre. 

The National Research Centre was to be a Consortium made by the CSIC, the 

Valencian Universities and the CEAM.  The CEAM role was to provide the 

international management of European funds, which Spanish official bodies 

could not do at that time (the reason for the the MECAPIP project singulariry).  

This role was to be complemented with specific research projects, and 

contract support personnel (on a temporary basis) for EC projects.  

The EC part was to have a Scientific Structure of European-International 

class, focused on air pollution problems, and here is where the EUPHORE 

would fit in.  Together, the final objective was to develop new spectroscopic 

instruments for process control to be manufactured in Europe. 

However, in 1992, the Spanish Government decided to locate the new EC 

Institute in Sevilla (at the empty EXPO site). The EC did not like the idea, but 

had to create the Institute for Prospective Technological Studies (JRC-IPTS).  

The CEAM, and most of the ongoing projects (and efforts) were left on their 

own, with the sole support of the Valencian Government. 





Average sea surface pressure for Europe in July, from maps at 12:00 UTC 
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The Western Mediterranean Basin is unique in the World 

and requires specific solution to its environment 

problems, including its Hydrological Cycle. 

 

The Present and the Future: 

 

 CEAM research in the other Mediterranean Problem Areas: 

 

•  Systematic failure of meteorology to forecast torrential 

rains. 

 

•  Loss of summer storms.  

 

•  The “1980 water runoff anomaly”. 
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Interannual acumulated runoff between september 1931 

and september 2009
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Actually, there is still a unique possibility to 

combine most of the research results from 

CEAM, during the last 25 years, to restore 

local hydrological cycles and better adapt to 

climate change in our part of Europe. 

and, 

Thanks a lot for your interest and pacience. 


