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PROTOCOLSUCESSES

ÅHELSINKI SULPHURPROTOCOL1985

ÅNOXPROTOCOL1988

ÅOSLO VOC PROTOCOL1991

ÅOSLO PROTOCOLON FURTHERSULPHUREMISSION

REDUCTIONS1994

ÅÅRHUS HEAVY METAL PROTOCOL1998

ÅÅRHUS PERSISTENT ORGANICPOLLUTANT(POP) 

PROTOCOL1998

ÅGÖTEBORG MULTIPROTOCOL; ACIDIFICATION, 

EUTROPHICATIONAND GROUNDLEVELOZONE1999

Å2012 REVISEDGÖTEBORGMULTIPROTOCOL

Å2001 ðEU NATIONAL EMISSION CEILINGS 

DIR. (NEC; 2001/81/EC)

Å2016 ðREVISED NATIONAL EMISSIONS 

CEILING DIRECTIVE (2016/2284/EU)

ÅREVISION OF PROTOCOLS COMING IN 

2020



TARGET ECOSYSTEMPORTFOLIOEVOLVEDWITHTIME
ÅFISH IN RIVERS AND LAKES 

ÅSWEDEN, NORWAY, USA, SCOTLAND, CANADA AND FINLAND

ÅSTREAMAND LAKE ECOLOGY

ÅMULTIPLE FISHSPECIES, ZOOPLANCTON, BENTHICORGANISMS, CRUSTACEANS

ÅTREEAND FORESTHEALTH; 

ÅFOREST DIEBACK, NEEDLELOSSES, GROWTHIMPACTS, TREESPECIES

ÅSOILS, TREES, FORESTHEALTH

ÅINVOLVEMENTOFSOILCHEMISTRY, SOILMICROBIOLOGYFUNCTIONS, ROOTAPPARATUSFUNCTIONS, TREE

AND FORESTSTAND VITALITY, REJUVENATIONSUCCESSRATES, FORESTMANAGEMENT PURPOSES

ÅBIODIVERSITY

ÅGROUNDVEGETATIONCHANGEOVER LONGTIME. HIGH PROFILEPLANTS THREATENED, CAUSINGPOLITICAL

WILL, NEWCONCERTEDMODELLINGEFFORTS. ONLYA FEWCOUNTRIESONBOARD, SOMEFELL OFF..

ÅWHOLE WATERSHEDVIEWOFTHESTREAMSAND LAKES, LANDSCAPE ECOSYSTEMVIEW, LOOKINGAT 

ALL (FOREST, VEGETATION, FAUNA, BIODIVERSITY, GROUNDWATER)

ÅINTEGRATED WATERSHEDSYSTEMS MODELLING



TARGET ECOSYSTEMSSTEP-UP

ÅAQUATICECOSYSTEMS

ÅFRESHWATERECOSYSTEMS

ÅMARINE ECOSYSTEMS

ÅTERRESTRIALECOSYSTEMS

ÅPRODUCTIVEFOREST

ÅECOFORESTS

ÅOPEN LANDS

ÅVISIBILITYAND REDUCEDATMOSPHERIC

TRANSPARENCE(ALPENBLICK)

ÅTECHNICAL ECOSYSTEMS; 

ÅMATERIALS AND INFRASTRUCTURES, CORROSION, 

STRUCTURALINTEGRITY

ÅTHREATSTO COMMERCIALFISHERIESAND FISH

FARMING

ÅCULTUREAND HUMAN SOCIETY

ÅCORROSIONAND LOSS OFKNOWNAND HIDDEN

CULTURALHERITAGEAND HISTORICALMONUMENTS.

ÅLOSS OFOLDCULTURALHABITSIN NATURE 

RECREATION

ÅHUMAN ECOSYSTEMS

ÅHUMAN HEALTH, HOSPITALIZATIONS, SOCIETYCOSTS

ÅMORTALITYAND LIFEEXPECTANCY

ÅCONSUMPTION, SOCIETY, LIFEQUALITYAND 

WELLBEING



National focal 

centres, 

M&M, CCE 

and the 

LRTAP

System

An adaptive, 

iterative system



Multi -pollutant Multi -effect relationships

under the LRTAP Convention and EC Thematic Strategy on Air Pollution



CHALLENGES IN ALL ARENAS

ÅPOLICY

ÅPOLICY CHALLENGES, POLITICALFOCUSDRIFT, DIFFERENT POLITICALDISCOURSE

ÅPUBLIC PERCEPTIONAND MEDIA CHALLENGES

ÅGOOD, IT WASSOLVEDAND THEPROBLEM IS GONE!

ÅNEVER WASA PROBLEM!.....

Å?....DONõTKNOW WHATTHATIS....

ÅRESEARCH 

Åé..IS BECOMINGMORE SPECIALIZEDAND NARROW

Åé.GENERATION-SHIFTFROM PIONEERINGRESEARCHGROUPSTO NEWBASICRESEARCH

Åé.FUNDINGMOVINGFROM ENVIRONMENTALAGENCIESTO NATIONALRESEARCHCOUNCILSAND 

EURESEARCHFUNDINGRESULTINGIN EMPOVERISHMENTOFENVIRONMENTALAGENCIESAND 

AUTHORITIES



POLITICALRE-ORIENTATIONS

ÅA GENERAL TREND OFLESS FOCUSON ENVIRONMENTALPOLICY AND ACTION

ÅBROADENINGGAP BETWEENPUSHINGFOR MORE ECONOMICGROWTHAND ENVIRONMENTAL

PROTECTIONPOLICIESIN MANYCOUNTRIES

ÅPUSH FOR ROLL-BACK OFFEDERALENVIRONMENTALPROTECTIONREGULATIONSIN THEUNITED STATES 

AND BRITAIN, THEPOPULIST VIEWOFREJECTIONOFCOMPETENCEGAININGSPACE

ÅPRIVATIZATIONSOFTHESTATEORGANIZATION

ÅFAILINGFUNDING

ÅéFOR AIR POLLUTIONRESEARCHAND NATIONALWORKINGGROUPSON MAPPINGAND MODELLING

Åé..FOR APPLIEDINTEGRATEDECOSYSTEMASSESSMENTMODELDEVELOPMENT

ÅTHE LRTAP WORKIS A SUCCESS, BUTSTILL FAR FROM BEINGFINISHED

ÅTHE WORKIS SEENAS A SUCCESSAND IT IS PERCEIVEDAS FINISHEDAND COMPLETED

ÅANTI-ENVIRONMENTALISTSCLAIMTHATSINCETHEFORESTDIDNOT DIE OFFAND THEFISHDIDNOT 

DISAPPEAR, THEWHOLETHINGWASEXAGGERATEDAND UNNECESSARY. SUCHSTATEMENTS FITSOME

POLITICALFORCESIGNORINGSCIENCE 

ÅPOLICY MOVE-ON TO OTHERAREAS OFIMMEDIATE INTERESTAND THEMONEYGOESAWAY



THE CURSEOFBEINGSUCCESSFUL

ÅACIDIFICATIONIS STILLTHERE, LESSTHANBEFORE, BUTSTILLIMPACTINGVULNERABLEECOSYSTEMSAND

TARGETS; NITROGENPOLLUTIONISTHEMAINACIDITYCAUSALLINK

ÅTHE JOBON NITROGENAND N-EUTROPHICATIONHAS STARTED, DONE SOMEDISTANCE, BUTLESS THANHALF 

HAS BEENDONE

ÅOZONEAND PARTICULATEMATTER IS ADDRESSED, BUTPOLLUTANTPRODUCTIONAPPEARSTO INCREASE

FASTER THANMITIGATIONEFFORTSCANMITIGATE

ÅBIODIVERSITY

ÅONLYA FEWTEST APPLICATIONSHAVE BEENDONE

ÅA PROPER CITICALLOADSASSESSMENTUSINGEXITINGTOOLSAND DATABASES AREBOTHPOSSIBLEAND DESIREABLE. 

MANYCOUNTRIESHAVE GIVEN UP AND DO NOT PLAN TO DO ANYTHING. 

ÅGOOD MODELAPPROACHESAREAVAILABLE; EMPIRICALMETHODS, FORSAFE-VEG, FORSAFE-MOVE, FORSAFE-

ECOPLANT, VSD-MOVE, VSD-PROPS, VSD-BERNE, VSD-VEG. 

ÅBIODIVERSITYSTILL HAS POORPROTECTIONFROM NITROGEN AND SULPHURPOLLUTION, CLIMATECHANGEAND 

DETERIORATIONIS STILL GOING ON. 

Å THE LINKAGETO LANDUSE, TERRESTRIALLANDSCAPE MANEGEMENTAND CLIMATECHANGEMUST BE PROPERLY

ADRESSEDIN THEPOLICY FOR BIODIVERSITYAND A STANDARD SHOULDBE SETFOR HOW TO DO CRITICALLOADS. 



MUCHHAS BEEN
DONE, THEREIS 
MORE LEFTTO 
DOé.



SCIENTIFIC CHALLENGES

ÅMUCHOFTHESCIENTIFICCHALLENGESHAVE BEENVERYCLEVERLYSOLVED

ÅPUTTING IT ALL TOGETHERAS INTEGRATEDMODELLINGSYSTEMS:

ÅFOR TERRESTRIALSYSTEMS: USE THEMODELSWEHAVE

ÅFOR AQUATICSYSTEMS: INCLUDEEUTOPHICATION, INCLUDEBRACKISH

SYSTEMS, MARINE SYSTEMS. APPROACHBIODIVERSITY.

ÅUNIFIEDMODEL FOR THEWATERSHED, UNIFYINGSLOPES, SOILS, 

GROUNDWATER, RUNOFF, LAKES AND VEGETATION(FORSAFE-2D)

ÅCONNECT AIR POLLUTION, CHEMICALPOLLUTIONAND CLIMATECHANGE

TOWARDSHUMAN HEALTH



SYNERGIES AND TRADE OFFS BETWEEN AIR 
POLLUTION, CLIMATE AND NATURE POLICIES:

Source: CCE Final Report 2017

Natura 2000 critical loads of biodiversity for sulphur (left) and for nitrogen (right) under a +3oC increase of 

the annual mean surface temperature

CCE Status Report  2 017 
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including a tem perature increase of + 3 C̄ ( red dot ted line)  and of a crit ical load 

of biodiversity for  nit rogen (CLNmax)  without  (green solid line)  and with a 

tem perature increase of + 3 C̄ (green dot ted line) . 

 

Under a temp erature increase of + 3 C̄ it  can be seen that  cr it ical loads 

of  sulphur for  bi odi versit y (Figure 1.12, r ight,  red dott ed line) is higher 

in  about  40 %  of the Natura 2000 areas with cr it ical loads lower than 

12 50 eq ha- 1yr -1; and th e criti cal load of  nit rogen for  biod iversit y is 

in dicated to become  lower (Figure 1.12, r ight , green dot ted)  in  the 

ra nge exceeding 2200 eq ha-1yr -1. This corresponds to a nit rogen 

deposit ion of  abou t  31 kg ha-1 wh ich har dly ever  occurs. The 

geographical pa t tern of ranges of bi odi versit y cr it ical loads in Natura 

2000 areas illust rates that  crit ical loads of su lphur fo r b iodiversi t y ar e 

lower than 2000 eq ha- 1yr -1 in  broad areas of the EU28 (Figur e 1.13, 

left ,  red shadin g) , wh er eas cr it ical loads o f ni t rogen for biodiversit y fa ll 

in  ranges of 400 eq ha- 1yr -1 or  higher (Figure  1.13, ri ght , yellow -gr een 

shading) . It  should be noted, that  this general pat tern holds also for the 

non- fo rest ed p arts of Natura 2000 areas (not  shown) . Note the lack of 

mo del result s in south-we st ern Spain. This is because the temp erature 

in crease vio la tes the system  dom ain  in which the PROPS mo del can 

describe th e occurrence of som e pl ant species.  

 

 
Figure 1.13 Natura 2000 cr it ical loads of biodiversity using the European 

background database for sulphur ( left )  and for nit rogen ( r ight )  under a + 3 C̄ 

increase of the annual m ean sur face air tem perature 

 

For cr it ical loads i n Natura 2 000 a reas a nd us ing 20 05  and 202 0 

deposit ion,  it  tur ns out  (Table 1.3)  tha t  the  average accum ul ated 

ex ceedances of eu t rophicat ion and of biodivers it y tend to be slight ly 

hi gher un der a +3 C̄ t em perature increase. The cont rary is t rue when 

cr it ical loads fo r acidificat ion a re com pared t o a cidify ing d eposit ions. 

  



GLOBAL SULPHURPOLLLUTIONGOESBOTHWAYS



GLOBAL DEATHSPER YEARAS A RESULTOFOUTDOOR
PARTICULATEMATTER AND O3 AIR POLLUTION.

IN ADDITIONWESHOULDADDEFFECTOFSO2 AND NOX, 
POPS, ENDOCRINEDISRUPTORS, OZONEAND VOCS



SPATIAL PATTERNSOFTOTAL INORGANICNITROGEN 
DEPOSITIONAREPREDICTEDTO GETWORSEé. 

(mgN/ m2/ yr)
GALLOWAY ET AL., (2004). NITROGEN CYCLES: PAST, PRESENT, AND FUTURE. BIOGEOCHEMISTRY70:153-226 HTTP://IBL.COLORADO.EDU/GALLOWAY_2004.PDF
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ftp://ftp.daac.ornl.gov/data/global_climate/global_N_deposition_maps/comp/deposition_maps.jpg


GLOBAL BIODIVERSITYIS IN BAD SHAPE



OCEANS ARESUFFERINGFROM NITROGEN, 
ééTHENADDIN PLASTICSAND CO2 OCEAN

ADSORPTIONOVERLOAD


