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The UNECE LRTAP
C tiConvention

• 1979:  “Geneva Convention” on long-range 1979:  Geneva Convention  on long range 
trans-boundary air pollution signed by 32 
statesstates

• Goal:  To reduce and prevent trans-boundary 
air pollutionair pollution

• 1998:  “Aarhus Protocol” on Persistent 
O i  P ll t t  (POP ) d t dOrganic Pollutants (POPs) adopted
– Targets 16 substances
– 11 pesticides, 2 industrial chemicals, 3 by-

products 
http://www.unece.org/env/lrtap/



The TF HTAPThe TF HTAP

• A scientific task force established by the A scientific task force established by the 
Executive Body of the CLRTAP

• Goals:• Goals:
– Improve understanding of hemispheric 

transport of air pollutiontransport of air pollution
– Estimate the extent of hemispheric transport of 

air pollutants for use in reviews of the air pollutants for use in reviews of the 
convention protocols

http://www.htap.org/



BETR-Global:  A fugacity-based mass 
b l  t i t f t  d lbalance contaminant fate model

BETR-Global

MacLeod et al. Environmental Science & Technology, 39 (17), 6749 – 6756, 2005.



BETR-Global:
E i t l P t i tiEnvironmental Parameterization

Prescribed atmospheric and ocean • Prescribed atmospheric and ocean 
circulation data obtained from general 
circulation modelscirculation models
– Monthly temporal resolution

• Environmental database includes:
– windfields, precipitation amount and frequency, 

temperature, leaf area index, soil organic 
carbon, ocean particle sinking flux, OH radical 
concentrationsconcentrations

MacLeod et al. Environmental Science & Technology, 39 (17), 6749 – 6756, 2005.



BETR-Global:
Applications

• Simulative
– Evaluate our knowledge of sources, fate & 

transport and sinks against monitoring data
– Build confidence that the model is a useful 

abstraction of the real system

• Scenario analysis
– Evaluate alternative management actions or 

environmental scenarios

MacLeod et al. Environmental Science & Technology, 39 (17), 6749 – 6756, 2005.



BETR-Global: Simulative 
A li ti  t  PCB 153Application to PCB 153
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BETR-Global:
M d l d t ti  f PCB 153Modeled concentration of PCB 153
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BETR-Global: Simulative 
A li ti  t  HCHApplication to α-HCH
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BETR-Global:
M d l d t ti  f HCHModeled concentration of a-HCH



Model Evaluation: α-HCH
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HTAP Emission Reduction 
S i  A l iScenario Analysis



HTAP Emission Reduction 
S i  A l iScenario Analysis



Emission Reduction Scenario 
A l i  M d l C iAnalysis: Model Comparison
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SummarySummary

Simulative application of BETR Global • Simulative application of BETR Global 
provides a satisfactory quantitative 
description of PCB 153 and HCH in the description of PCB 153 and α-HCH in the 
global environment compared to 
observations observations 

• HTAP Source-to-receptor calculations have 
been completed and show good 
agreement between models



Ongoing work…Ongoing work…

Further refinement of HCH case study• Further refinement of α-HCH case study
• Scenario analysis for climate change

– With Lara Lamon, University Ca’ Foscari, 
Venice, Santa Marta, Italy

• Mass balance modeling of manufacturing 
emissions of perfluorinated acids
– James Armitage & Ian Cousins, ITM Stockholm, 

Sweden
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BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

PCB 153:  Deposition Flux to Surface
20% reduction in 2001 emissions in:

C 53 epos t o u to Su ace

PCB153 NA EU SA EA

NA 14 2.3 0.19 0.45

Results in a % 
Reduction in EU 0.40 17.4 0.03 0.05

SA 0.63 5.7 10.4 0.17

EA 0.75 6.0 1.8 7.5

ARCTIC 3.1 10.8 0.36 0.85



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

PCB 153:  Deposition Flux to Surface
1% reduction in global emissions in 2001 in:

C 53 epos t o u to Su ace

Results in

PCB153 NA EU SA EA

NA 4.1 0.19 0.22 0.52Results in
a % 

Reduction 
in

EU 0.12 1.4 0.04 0.05

in SA 0.18 0.47 12.3 0.20

EA 0.22 0.49 2.2 8.6

ARCTIC 0.90 0.89 0.42 0.98



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis
α-HCH:  Deposition Flux to Surface

20% reduction in 2001 emissions in:

α C epos t o u to Su ace

Results in

α‐HCH NA EU SA EA

NA 3.71 0.68 0.78 1.06Results in
a % 

Reduction 
in

EU 0.51 2.36 0.28 0.37

in SA 0.08 0.18 1.74 0.22

EA 0.18 0.37 1.16 3.38

ARCTIC 0.76 0.86 0.71 0.94



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis
α-HCH :  Deposition Flux to Surface

1% reduction in global emissions in 2001 in:

α C epos t o u to Su ace

Results in

α‐HCH NA EU SA EA

NA 3.7 0.68 0.78 1.1Results in
a % 

Reduction 
in

EU 0.51 2.4 0.28 0.37

in SA 0.08 0.18 1.7 0.22

EA 0.18 0.37 1.2 3.4

ARCTIC 0.76 0.86 0.71 0.94



Evaluation of Changes in global fate and 
transport nder a climate change scenariotransport under a climate change scenario

C  d l l  i   • Compare model results using a 
contemporary 20th century climate versus 
h  IPCC A2 f  ithe IPCC A2 future scenario

• Climate data from ECHAM5 for:
– Temperature
– Atmospheric circulation
– Ocean circulation
– Precipitationp

Lamon et al. Environmental Science & Technology, (submitted).



Effects of temperature dominate differences in 
dynamics of PCBs in the climate change scenariodynamics of PCBs in the climate change scenario

R ti  f d l d t ti  i  i  i  th  A2 i  Ratio of modeled concentrations in air in the A2 scenario 
vs. the 20th century climate scenario

Lamon et al. Environmental Science & Technology, (submitted).



Modeled transport of PCBs to the Arctic is more 
efficient in the climate change scenario efficient in the climate change scenario 

R ti  f d l d t ti  i  i  i  th  A2 i  Ratio of modeled concentrations in air in the A2 scenario 
vs. the 20th century climate scenario

Lamon et al. Environmental Science & Technology, (submitted).



Climate change will make semi-volatile 
t i t   bl ticontaminants more problematic

• Increasing primary emissions by 
volatilization is the single most influential 
effect of the climate change scenario on the 
global dynamics of PCBs

• Increased wind speeds in the climate 
change scenario drive more efficient long-g g
range transport of PCBs to remote locations

Lamon et al. Environmental Science & Technology, (submitted).



Model Results for PCB 153Model Results for PCB 153
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Model Results for a-HCHModel Results for a HCH
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BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

Concentration in Lower Air

20% Reduction in 2001 Emissions in:

Concentration in Lower Air

PCB153 NA EU SA EA

NA 13.52 2.65 0.23 0.54

Results in a % 
Reduction in

EU 0.47 17.70 0.04 0.05

SA 0.63 5.83 10.23 0.16

EA 0.75 5.90 1.63 7.90

ARCTIC 3.06 10.50 0.36 0.81



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

Concentration in Lower Air

1% Red in 2001 Global Emissions in:

Concentration in Lower Air

PCB153 NA EU SA EA

NA 3.94 0.22 0.27 0.62

Results in a % 
Reduction in

EU 0.14 1.46 0.04 0.06

SA 0.18 0.48 12.09 0.18

EA 0.22 0.49 1.92 9.04

ARCTIC 0.89 0.87 0.42 0.92



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

Concentration in Lower Air

20% Reduction in 2001 Emissions in:

Concentration in Lower Air

A‐HCH NA EU SA EA

NA 1.50 2.93 6.63 0.26

Results in a % 
Reduction in

EU 0.16 12.01 1.86 0.07

SA 0.03 0.87 14.81 0.05

EA 0.07 1.69 9.77 0.76

ARCTIC 0.29 3.87 6.05 0.23



BETR-Global: HTAP Emission 
R d ti  S i  A l iReduction Scenario Analysis

Concentration in Lower Air

1% Red in 2001 Global Emissions in:

Concentration in Lower Air

A‐HCH NA EU SA EA

NA 4.05 0.66 0.78 1.06

Results in a % 
Reduction in

EU 0.42 2.71 0.22 0.28

SA 0.08 0.20 1.73 0.21

EA 0.19 0.38 1.14 3.13

ARCTIC 0.77 0.87 0.71 0.96


