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On system boundaries – how questions 
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○ How can system analysis help find sustainable future? 
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○ Acidification – Success story 

○ Eutrophication – Ongoing challenge 

● Summary 
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Key questions to focus on 

● Defining key features of the system 

○ Variables, indicators 

○  Who defines the indicators?Society, scientists, 

stakeholders? 

● Selecting reference conditions 

○ Critical thresholds 

○ Who defines the reference state? Society, scientists, 

stakeholders? 

● Communicating methods, aims and results 

○ Across disciplines: natural and social sciences 

○ Within society: laymen, media, experts, scientists, 

decision makers 

○ How to improve communication? 
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Magee et al. 2013 

Sustainability, sustainable development 

 

• Sustainability, sustainable development 

• Limits of growth, Club of Rome 1972 

• Brundtland report 

• UN Agenda 21 

• Sustainability assessment 

• Assessing for sustainability (Pope et al. 2004) 
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Top-down or Bottom-up approach 

 

Sustainability indicators 

● Top-down 

○ Formal methods, standardized indicator sets 

○ Conducted regularly (annually) 

○ Auditing assurance 

○ May or may not lead to policy outcomes 

● Bottom-up 

○ Qualitative 

○ Locally grown measures 

○ NGOs 

○ Subnational or municipal authorities 

○ Community groups 
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Sustainability indicators 

• Wilson et al 2007 review most prevalent indexes: 

• Ecological footprint 

• Surplus bio-capacity index 

• Environmental sustainability index 

• Well-being index 

• Gross domestic product index 

• Parris and Kates 2003 analyse 12 sustainability 

indicator initiatives 

• Extract common features in their respective definitions of 

sustainability 

• Ness et al 2007 develop a topology of various 

assessment tools 

• Singh et al 2009 review of 70 indicators, tools and 

methodologies 
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United Nations Global Compact 

● The UN Global Compact is a strategic policy initiative for 

businesses that are committed to aligning their operations 

and strategies with ten universally accepted principles in the 

areas of human rights, labour, environment and anti-

corruption. By doing so, business, as a primary driver of 

globalization, can help ensure that markets, commerce, 

technology and finance advance in ways that benefit 

economies and societies everywhere. 

● 145 countries, 8 000 businesses, 53 Finnish companies 

● https://www.unglobalcompact.org 
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https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/index.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/humanRights.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/labour.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/environment.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/anti-corruption.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/anti-corruption.html
https://www.unglobalcompact.org/AboutTheGC/TheTenPrinciples/anti-corruption.html
https://www.unglobalcompact.org/
https://www.unglobalcompact.org/


Translating sustainability principles into urban 

governance 

UN Global Compact Cities Programme 

https://www.unglobalcompact.org/ParticipantsAndStakeholders/cities.html/ 

● 34 countries, 91 cities 
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34 countries participating Number of cities 

Africa 3 

Asia 13 

Australia 1 

Europe 29 

Middle East 4 

North America 4 

South America 37 



Urban Profile Process 

UN Global Compact Cities Programme 

https://www.unglobalcompact.org/ParticipantsAndStakeholders/cities.html/ 

● Interpretative description of the sustainability of an urban 

region and its immediate hinterland 

● ‘Sustainability’ understood in relation to local, national and 

global processes: 

○ Ecological, 

○ Economic, 

○ Politic, and 

○ Cultural processes 

● Assessment group: three to ten people 

○ Expert knowledge: internal, external 

○ Extensive local knowledge 
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Four domains: Ecology, Economics, Politics, Culture 

Seven issues per domain , seven questions per issue: 196 questions 

Nine point scale of sustainability, from critical to vibrant 
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UN Global Compact Cities Programme 

https://www.unglobalcompact.org/ParticipantsAndStakeholders/cities.html/ 

 



Leen Hordijk, IIASA director 2002 - 2008, IIASA Options 

Magazine, Winter 2007 

What is systems analysis? 

● A problem-solving process in which many people take part: 

○ Scientists of relevant disciplines 

○ Stakeholders 

○ Decision makers 

● Factors included 

○ Knowledge and methods of science and technology 

○ Concept of social goals and equities 

○ Elements of judgment and taste 

○ Consideration of larger context and uncertainties  

● Both quantitative and qualitative side 
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Following Leen Hordijk’s 9 steps of systems analysis, IIASA 
Options Magazine, Winter 2007 
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Marshall all 
information and 

scientific 
knowledge on 
the problem 

Determine the 
goals of the 
stakeholders 

Explore 
alternative 
routes and 
invent new 

options 

Reconsider 
problem in light 
of accumulated 

knowledge 

Estimate 
impacts of 
possible 

courses of 
action 

Compare 
alternatives 

Present results, 
facilitate choice 
by stakeholders 

Provide follow-
up assistance 

Evaluate the 
results 

Iterative process of systems analysis 



State variables and indicators 

System boundaries 

● State variables are the key units of the process studied: 

○ Acidification 

• Soil pH, Al, base cations 

○ Eutrophication:  

• Soil N, soil pH 

● Indicators derived from the state variables and processes 

○ Acidification 

• Al/BC in soil solution 

• Soil BS 

○ Eutrophication 

• Species cover, habitat suitability, Bray-Curtis index 
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Processes included, process rates 

System boundaries  

● Processes describing key features of system studied 

○ Acidification 

• Cation exchange, weathering, gibbsite equilibrium, leaching of 

organic anions, complexation with soil organic matter 

○ Eutrophication 

• N fixation, mineralisation, nitrification, denitrification, N uptake by 

vegetation, litterfall 
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UNECE/ CLRTAP 

Convention on Long Range Transboundary Air Pollution 

Success story: Acidification load decline 

● Signed in 1979, entered into force in 1983 

● First regional environmental convention, 51 parties 

● Instrumental in reducing key harmful pollutants in Europe 

and North America 

● Eight protocols, targeting pollutants: 

○  sulphur, nitrogen oxide, persistant organic pollutants, 

volatile organic compounds, toxic heavy metals 

● Integrated assessment modelling 

● Effects based approach 

● Critical loads 
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Critical load function of the ecosystem: the combination of N and 
S deposition not causing harmful effects 

http://wge-cce.org/Methods_Data/Critical_Loads 
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Effects-based approach of air 

pollution abatement 



 

 

Coordination Centre for Effects Status Report 2012  

http://wge-cce.org/Publications/CCE_Status_Reports 
17 



 

 

Coordination Centre for Effects Status Report 2012  

http://wge-cce.org/Publications/CCE_Status_Reports 
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Percentage of forest area with acid deposition above the critical 
loads for acidification 2030 with Maximum Feasible Reductions 

Fig. 3.15. Amann et al. 2014 TSAP 11 
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Acidification 



Test: CL of acidification for forest soils, Finland 

Changing criteria or varying process 

description changes results 

Test Model assumptions Result 

Gibbsite 

equilibrium 

Al-SOM 

complexes 

Leaching 

of organic 

anions 

Criterion K_AL_BC AAE 

1 yes no no BC/Al =1 5 

2 no yes yes BC/Al =1 4 

3 no yes yes BS=30%; 

15% 

0.01;  

0.1 
17 

4 - - no ANCle=0 25 
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Fig. 3.12. Amann et al. 2014 TSAP 11. Percentage of Natura 2000 
areas with nitrogen deposition above their critical limits. Year 
2005. 
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Eutrophication 



Fig. 3.12. Amann et al. 2014 TSAP 11. Percentage of Natura 2000 
areas with nitrogen deposition above their critical limits. Year 
2030 with Maximum Feasible Reductions of emissions 

22 

Eutrophication 



Alaotsikko tai ingressi 

Otsikko Arial Black 24pt sininen 

● Ensimmäinen taso 

○ toinen taso 

• kolmas taso 
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Holmberg, M., Leikola, N., Forsius, M., Raunio, A., Katariina, M., Vuorenmaa, J.,  

Salemaa, M. (2011). NFC report Finland. In: Posch, M., Slootweg, J., Hettelingh, J.-P. (Eds.) 

Modelling critical thresholds and temporal changes of geochemistry and vegetation diversity. 

CCE Status Report 2011. pp 91-97. 

 



Otsikko Arial Black 24pt sininen 

● Ensimmäinen taso 

○ toinen taso 

• kolmas taso 
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EU No Net Loss of Biodiversity 

Dynamic vegetation modelling at ICP IM 

sites  

● Biodiversity threatened by multiple stressors including 

○ Nitrogen (N) pollution, climate change, land use 

○ Rate of loss of biodiversity not slowing down 

○ Pressures increasing 

(Butchart et al. 2010)  

● EU Biodiversity strategy 2011 

● EU No Net Loss Initiative expected 2015 
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Role of N deposition in loss of biodiversity 

Dynamic vegetation modelling at ICP IM 

sites  

● N emissions stabilized or increased slightly  

Amann et al. 2013 

● Long term impacts of N deposition on biodiversity identified 

and likely to continue under projected deposition levels 

Bobbink et al. 2010 

Dirnböck et al. 2014 
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Preprocessing 

•Methyd 

•Climate : T,P 

•Soil moisture 

•Modifying factors: 
mineralisation, 
nitrification 

•GrowUp 

•Uptake of N and BC 

•Input of C and N to 
soil 

Calibrate VSD+ 
using 
observations, 
observed 
deposition and 
scaled historic 
deposition 

•Observed: 

•Soil BS, C, N 

•Solution pH, ANC, 
SO4, Al, etc. 

Run 

VSD+ using 
calibrated 
parameters and 
scaled future 
deposition 

•Results:1995 to 2030 

•pH 

•C, N 

•Temperature 

•Precipitation 

Run  

PROPS in VSD+ 
using VSD+ 
results and P  

•Results: 1995 to 
2030 

•Species  

•Species cover 

•Diversity index 

•BERN 

•Habitat suitability 

 

 

Dynamic vegetation modelling at ICP IM 

sites  
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28 Location of UNECE/ WGE/ ICP IM sites..  

Potential site for dyn. mod.  



Historic deposition Schöpp et al. 2003, Future deposition based 
on latest EMEP model version Simpson et al. 2012 using the 
current legislation scenario (CLE) with revised Gothenburg 
Protocol emissions.  

29 

Decline in sulphur deposition 
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Historic deposition Schöpp et al. 2003, Future deposition based 
on latest EMEP model version Simpson et al. 2012 using the 
current legislation scenario (CLE) with revised Gothenburg 
Protocol emissions.  
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Nitrogen deposition continues 



Historic deposition Schöpp et al. 2003, Future deposition based 
on latest EMEP model version Simpson et al. 2012 using the 
current legislation scenario (CLE) with revised Gothenburg 
Protocol emissions.  
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Nitrogen deposition continues 



http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 

VSD+ 

   transport to groundwater (and surface waters) 

S
o
il 

W
a

te
r 

solid phase 

soil solution 

deposition 

mineralisation, 

nitrification 

denitrification 
weathering, cation exchange 

uptake litter fall 



N processes in VSD+ 

NO3 N-org 

NH3 
deposition 

uptake 
 

NH4 

NOx 
deposition 

nitrification 

litterfall 

denitrification 

leaching 

immobilisation 

mineralization root 
turnover 

microbial processes = f(temperature, moisture, pH) 

http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 



RothC model 

C pools: 

 

 

 

 

 

N dynamics: 

- fixed N contents for DPM, RPM and BIO 

- NHUM = f(NDPM, fRPM, fBIO), but is reduced when 

N uptake > N deposition + N mineralisation 

 

 

http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 



VSD+ tool set 

 

 

VSD+ 

abiotic conditions 

for vegetation 

input of fresh 

organic material 

temperature, 

moisture 

MetHyd 
(hydrology, 

modifying factors) 

Vegetation 

model 

(PROPS) 

GrowUp 
(growth, litterfall 

and uptake) 

http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 



http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 

tu
rn

o
v
e

r 

management 

VSD+ 
N and BC 

uptake 

 

org C and N 

input to soil 

 

stem 

mass 

wood 

density 

biomass 

expansion 

factors 

stem  

volume 

growth 

rate 

GrowUp 

http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 



PROPS – PRObability of Plant Species 

 

● calculates the chance/probability/suitability that a plant species 

is present (not abundance!) 

● based on measured/measurable abiotic conditions 

 

Derived from: 

● relevés with simultaneously measured abiotic conditions (N, 

pH) 

● climate data 

 

http://wge-cce.org/Methods_Data/The_VSD_suite_of_models 



 

 

Arjen van Hinsberg, UNECE/WGE/ICP M&M workshop April 2014 
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Suggested indicator: 

 Habitat Suitability 



Work in progress!  

Soil pH stabilizes, NO3 increases, soil exchangeable base cations 
decrease 
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VSD + applied at Valkea-Kotinen, 

southern Finland 



Species cover of 30 species at Valkea-Kotinen 
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Application of VSD+ with PROPS to 

Valkea-Kotinen, southern Finland 

Brachythecium_reflexum

Drepanocladus_uncinatus

Acer_platanoides

Plagiothecium_laetum

Orthilia_secunda

Lepidozia_reptans

Brachythecium_starkei

Vaccinium_myrtillus

Vaccinium_vitis-idaea

Carex_digitata

Melampyrum_sylvaticum

Pleurozium_schreberi

Veronica_officinalis

Hylocomium_splendens

Maianthemum_bifolium

Gymnocarpium_dryopteris

Solidago_virgaurea

Dicranum_bergeri

Luzula_pilosa

Dicranum_scoparium

Convallaria_majalis

Vaccinium_uliginosum

Rhytidiadelphus_triquetrus

Pohlia_nutans

Brachythecium_salebrosum

Cladonia_fimbriata

Ceratodon_purpureus

Dryopteris_carthusiana

; shown are the most important 30 species only !

 

2000199019801970196019501940193019201910190018901880

O
c
u
rr

a
n
c
e
 P

ro
b
a
b
ili
ty

1

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0



Habitat suitability index 
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Habitat Suitability Index

; Number of species used: 40
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Application of VSD+ with PROPS to 

Valkea-Kotinen, southern Finland 



Bray-Curtis index 
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Bray-Curtis Index

; Number of species used: 40
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Species groups 
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mosses(19)

lichens(4)

ferns(2)

grasses(1)

herbs(8)

dw arf_shrubs(3)

(0)

trees(2)
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Key challenges in finding sustainable 

future 

● Defining key features of the system 

○ Variables, indicators 

○  Who defines the indicators?Society, scientists, 

stakeholders? 

● Selecting reference conditions 

○ Critical thresholds 

○ Who defines the reference state? Society, scientists, 

stakeholders? 

● Communicating methods, aims and results 

○ Across disciplines: natural and social sciences 

○ Within society: laymen, media, experts, scientists, 

decision makers 

○ How to improve communication? 
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