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Source-receptor matrices of Air Pollution Metrics for cur-
rent and future conditions

Executive Summary
A typical and arguably most important use of the EMEP model is to provide ’source-
receptor’ (SR) matrices, in which the model calculates the effects of reducing emissions
in one country, and calculates the resulting impact on air pollution metrics in other
countries, or in fact over all grid-cells of Europe. In this work the EMEP model has
been used to conduct such SR calculations for current (year 2010) and future (2050)
scenarios.

In the ECLAIRE project, and as reported in Deliverable D7.2, the EMEP model has
been enhanced so that it can take account of a number of changes which are expected
in a future climate. In this report we examine how calculated SR results change when
these climate enhancements are taken into account, and also compare with changes due
to simple emission scenarios.

The main conclusion from these runs is that in most cases the impacts of climate-
change itself (e.g. CO2 inhibition of isoprene emissions or stomatal conductance) do
not change the basic SR estimates very much, and that the main driver of changes is
rather the difference in emissions between the 2010 and 2050 cases. The main excep-
tion was for phyto-toxic ozone dose to crops (POD3-IAM-CR), where the assumptions
concerning climate response of stomatal conductance had an appreciable impact on the
base-levels of POD3 and on the responses to NOx emission reduction.

1 Objectives
The objectives of D7.5 are to assess how changing climate will impact the calculation
of source-receptor matrices over Europe.

2 Activities
The EMEP MSC-W model is a well verified chemical transport model, designed for the
prediction of pollutants such as ozone and acidifying and eutrophying compounds, and
particulate matter (Simpson et al. 2006, 2012, Fagerli and Aas 2008). A typical and
arguably most important use of the EMEP model is to provide ’source-receptor’ (SR)
matrices, in which the model calculates the effects of reducing emissions in a source
region (usually a country) on air pollution in receptor regions. In fact, as the EMEP
model is always run for the full European domain in such calculations, the receptor can
be thought of as any or all model grid-cells, or also in terms of countries.
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In the ECLAIRE project, and as reported in Deliverable D7.2, the EMEP model has
been enhanced so that it can take account of a number of changes which are expected
in a future climate. In this report we examine how calculated SR results when these
climate enhancements are taken into account, and also compare with changes due to
simple emission scenarios.

2.1 Climate enhancements
The climate enhancements to the EMEP model used in this report can be summarised:

1. Increased NH3 emissions in a warmer climate

2. CO2 inhibition of isoprene emissions

3. CO2 inhibition of stomatal conductance

Further discussion of these changes and their background and uncertainty can be
found in Deliverable D7.2, but we summarise here the practical changes in terms of
model implementation. Further ECLAIRE work on climate impacts (including the im-
pacts of meteorological driver, growing seasons and even insect-induced stresses) can
be found in related papers Bergström et al. (2014), Langner et al. (2012a,b), Sakalli and
Simpson (2012), Simpson et al. (2014b), with further discussion of the uncertainties
surrounding climate-effects in Simpson et al. (2014a).

2.1.1 Increased NH3 emissions

Three papers arising from the ECLAIRE project have drawn attention to the possibility
of quite significant increases in NH3 emissions in the future as a result of increasing
evaporation from sources such as animal manure (Sutton et al. 2013, Skjøth and Geels
2013), and the potentially important detrimental effect on N-deposition and critical load
exceedances (Simpson et al. 2014b).

The projected increase will of course depend heavily on the projected temperature
change and hence on the applied climate model, as well as assumptions concerning NH3
emission factors. However, based on the above studies, Simpson et al. (2014b) explored
the potential impact of a 20 and 30 % increase in NH3 emissions for the future (2050s)
scenarios.

In this work, we assume a climate-induced NH3 emission increase of 20%, and refer
to this as the A20 (or A20-NH3) scenario.
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2.1.2 Isoprene - CO2 inhibition

It has been shown that increasing CO2 can inhibit isoprene metabolism, and some stud-
ies suggest that higher CO2 levels will reduce BVOC emission rates (e.g. Arneth et al.
2007, Wilkinson et al. 2009, Possell et al. 2005, Possell and Hewit 2011). The overall
effect of increased CO2 on BVOC emission rates is still unclear, even with regard to the
sign of such changes (see also discussions in Simpson et al. (2014a)).

For this work, we have implemented the isoprene-CO2 inhibition function of Wilkin-
son et al. (2009) into the EMEP model. For a CO2 concentration of ca. 500 ppm (ca.
2050 levels consistent with the 2050 scenarios used in ECLAIRE), this produces a re-
duction in emission rates of 9%.

2.1.3 Stomatal sensitivity

D7.2 explored two methodologies for the CO2-effect on stomatal conductance (gsto).
For the source-receptor tests we make use of the so-called K2011 method, based upon
Klingberg et al. (2011), since this methodology is fully consistent with standard EMEP
model gsto calculations used in the S-R calculations for current years. Klingberg et al.
(2011) modelled the effect of CO2 on gsto with a much simpler algorithm. The influence
of increasing CO2 on gsto was assumed to linearly decrease between 360 and 560 ppm
CO2 concentration from 1 to 0.66 for a generic crop and to 0.8 for a generic deciduous
tree, with no further reductions in gs above 560 ppm CO2.

2.2 Approach
We have first calculated a number of base-cases, against which SR calculations can be
compared:

Base-case Label Description
(a) 2010-Base Emissions of 2010, standard model setup
(b) 2050-Base Emissions of 2050, standard model setup
(c) 2050-A20 A20-NH3 as (b), plus 20% more NH3 emission
(c) 2050-BVOC CO2-BVOC as (b), with CO2 inhibition of isoprene emissions
(d) 2050-KCO2 CO2-gsto as (b), with CO2 inhibition of stomatal conductance

For each of these cases, we have calculated the impact of either a 15% reduction in
NOx or a 15% reduction in NH3. We present example calculations for four countries,
selected to cover different geographical and pollution climates in Europe: Netherlands
(NL), Poland (PL), Spain (ES) and Italy (IT). (Full source-receptor matrices for all
countries for recent years can be found at www.emep.int.)

The EMEP model produces many outputs, but to keep this report manageable we
focus on four important metrics (Table 1).
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Table 1: Air Pollution Metrics used in this report; abbreviations and units

Metric units

TDEP-OXN mg(N) m – 2 yr – 1 Total deposition of oxidised nitrogen, im-
portant for acidification, eutrophication
and generally an indicator of nitrogen ox-
ides in the environment

TDEP-RDN mg(N) m – 2 yr – 1 Total deposition of reduced nitrogen, im-
portant for acidification, eutrophication
and important since many scenarios pre-
dict an increase in NH3 emissions.

SOMO35 ppb.days Annual sums of daily maximum running
8 h average O3 concentrations above 35
ppb, a metric recommended for health im-
pacts by WHO (Amann et al. 2008).

POD3-IAM-CR mmole O3 m – 2 yr – 1 Phyto-toxic ozone dose with threshold 3
nmole m – 2 s – 1. This metric is an indi-
cator of risks to vegetation, see LRTAP
(2009), Mills et al. (2011).

3 Results

3.1 NOy deposition
Tables 2-5 present the results of the different SR calculations for total NOy deposition
(TDEP-OXN). Results are here presented as domain-averages, for the five base-cases
(one for 2010, four for 2050), and the impact of 15% reductions in emissions of NOy
and NH3. As expected, the reductions in NOy emissions have a far larger effect than
reductions in NH3 emissions. The other main feature of the results from all countries is
that the impact of the NOy or NH3 is much smaller than the impact of the same (relative)
changes in 2010. In fact, the different climate scenarios are essentially identical, so that
the SR results from the more complex scenarios (e.g. KCO2) cannot be distinguished
from those of the simple 2050-Base results.

Figures 1-4 illustrate these SR calculations in more detail. For example, Fig. 1(a)
shows the straightforward change, ∆TDEP-OXN, in oxidised nitrogen deposition be-
tween the base-case run for 2050 and a run with 15% reduced emissions of NOx. This
reduction is seen to have the largest effect close to Barcelona, with rather limited im-
pacts on other European countries. Figs. 1(b)-(d) show how the climate-enhanced model
versions differ from Fig. 1(a). The most important point is that the magnitude of these
differences is very small relative to the absolute differences shown in Fig. 1(a). In fact,
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Table 2: Reductions in TDEP-OXN due to 15% emission of NOy
and NH3 in NL. Values give domain-mean changes in TDEP-
OXN for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-OXN
Base-case Base-value NOy NH3

2010-Base 240.8 0.445 0.006
2050-Base 147.9 0.204 0.003
2050-A20 147.9 0.204 0.002
2050-bvoc 148.2 0.204 0.003
2050-KCO2 147.7 0.204 0.003

the differences are less than 0.5 mg(N) m – 2 yr – 1 for all climate scenarios. Similar re-
sults are seen for all countries.
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Table 3: Reductions in TDEP-OXN due to 15% emission of NOy
and NH3 in PL. Values give domain-mean changes in TDEP-OXN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-OXN
Base-case Base-value NOy NH3

2010-Base 240.8 1.292 0.012
2050-Base 147.9 0.382 0.005
2050-A20 147.9 0.383 0.005
2050-bvoc 148.2 0.382 0.005
2050-KCO2 147.7 0.382 0.005

Table 4: Reductions in TDEP-OXN due to 15% emission of NOy
and NH3 in ES. Values give domain-mean changes in TDEP-OXN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-OXN
Base-case Base-value NOy NH3

2010-Base 240.8 1.920 0.010
2050-Base 147.9 0.704 0.002
2050-A20 147.9 0.705 0.002
2050-bvoc 148.2 0.706 0.002
2050-KCO2 147.7 0.704 0.002
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 1:
Source-receptor changes in 2050: the impact of NOx emissions from ES on
TDEP_OXN. Subfig (a) gives the base-case ∆TDEP_OXN for 2050. Remaining plots
give the difference between ∆TDEP_OXN for different climate scenarios relative to that
shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited iso-
prene emissions, and (d) CO2-inhibited stomatal conductance. Note that colour-scale
varies between (a) and the remaining plots.
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Table 5: Reductions in TDEP-OXN due to 15% emission of NOy
and NH3 in IT. Values give domain-mean changes in TDEP-OXN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-OXN
Base-case Base-value NOy NH3

2010-Base 240.8 2.161 0.020
2050-Base 147.9 0.881 0.006
2050-A20 147.9 0.882 0.006
2050-bvoc 148.2 0.882 0.006
2050-KCO2 147.7 0.881 0.006
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 2:
Source-receptor changes in 2050: the impact of NOx emissions from NL on
TDEP_OXN. Subfig (a) gives the base-case ∆TDEP_OXN for 2050. Remaining plots
give the difference between ∆TDEP_OXN for different climate scenarios relative to that
shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited iso-
prene emissions, and (d) CO2-inhibited stomatal conductance. Note that colour-scale
varies between (a) and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 3:
Source-receptor changes in 2050: the impact of NOx emissions from PL on
TDEP_OXN. Subfig (a) gives the base-case ∆TDEP_OXN for 2050. Remaining plots
give the difference between ∆TDEP_OXN for different climate scenarios relative to that
shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited iso-
prene emissions, and (d) CO2-inhibited stomatal conductance. Note that colour-scale
varies between (a) and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 4:
Source-receptor changes in 2050: the impact of NOx emissions from IT on TDEP_OXN.
Subfig (a) gives the base-case ∆TDEP_OXN for 2050. Remaining plots give the differ-
ence between ∆TDEP_OXN for different climate scenarios relative to that shown in (a).
The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions,
and (d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a)
and the remaining plots.
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Table 6: Reductions in TDEP-RDN due to 15% emission of NOy
and NH3 in NL. Values give domain-mean changes in TDEP-
RDN for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-RDN
Base-case Base-value NOy NH3

2010-Base 198.3 -0.004 0.611
2050-Base 221.3 -0.004 0.681
2050-A20 263.5 -0.005 0.818
2050-bvoc 221.3 -0.004 0.681
2050-KCO2 221.2 -0.004 0.681

3.2 NHx deposition
Tables 6-9 present the results of the different SR calculations for total NHx deposition,
similar to those for NOy deposition. These results are somewhat more complicated than
those seen for NOy deposition, in that (i) reduced NOy emissions now lead to (very)
small increases in TDEP-RDN, with now reduced NH3 emissions leading as it should
to decreases in TDEP-RDN, (ii) results for ∆TDEP are larger in 2050 than in 2010,
and (iii) now one of the 2050 scenarios (A20) differs from the others. The 2050-A20
base-case involves higher NH3 emissions from each country, which results in higher
base-values of TDEP-RDN and a bigger effect of emission reduction. The 2050-Base,
2050-BVOC and 2050-KCO2 tests though produce almost identical results.

Figures 5-8 illustrate these SR calculations in more detail, this time for the impact
of NH3 emissions on reduced nitrogen deposition. As in Figs.1-4 above, Figs. 5(b)-
(d) show how the climate-enhanced model versions differ from the 2050 base-case in
Fig. 5(a). Unlike the case for TDEP-OXN, and as noted above, these TDEP-RDN results
show that one climate-scenario, the A20 case, does produce S-R results which differ
from the base-case.

For the other two climate scenarios (CO2-BVOC and CO2-gsto) the differences are
again very small relative to the absolute differences shown in Fig. 5(a). In fact, the
differences are less than 0.5 mg(N) m – 2 yr – 1 for all climate scenarios. Similar results
are seen for all countries.
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Table 7: Reductions in TDEP-RDN due to 15% emission of NOy
and NH3 in PL. Values give domain-mean changes in TDEP-RDN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-RDN
Base-case Base-value NOy NH3

2010-Base 198.3 -0.009 1.575
2050-Base 221.3 -0.007 1.692
2050-A20 263.5 -0.008 2.036
2050-bvoc 221.3 -0.007 1.692
2050-KCO2 221.2 -0.007 1.691

Table 8: Reductions in TDEP-RDN due to 15% emission of NOy
and NH3 in ES. Values give domain-mean changes in TDEP-RDN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-RDN
Base-case Base-value NOy NH3

2010-Base 198.3 -0.009 1.629
2050-Base 221.3 -0.005 1.725
2050-A20 263.5 -0.007 2.074
2050-bvoc 221.3 -0.005 1.725
2050-KCO2 221.2 -0.005 1.724
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 5:
Source-receptor changes in 2050: the impact of NH3 emissions from ES on TDEP_RDN.
Subfig (a) gives the base-case ∆TDEP_RDN for 2050. Remaining plots give the differ-
ence between ∆TDEP_RDN for different climate scenarios relative to that shown in (a).
The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions,
and (d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a)
and the remaining plots.
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Table 9: Reductions in TDEP-RDN due to 15% emission of NOy
and NH3 in IT. Values give domain-mean changes in TDEP-RDN
for the different base-cases. Units: mg(N) m – 2 yr – 1

∆TDEP-RDN
Base-case Base-value NOy NH3

2010-Base 198.3 -0.013 1.812
2050-Base 221.3 -0.009 1.996
2050-A20 263.5 -0.011 2.400
2050-bvoc 221.3 -0.009 1.996
2050-KCO2 221.2 -0.010 1.996
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 6:
Source-receptor changes in 2050: the impact of NH3 emissions from NL on
TDEP_RDN. Subfig (a) gives the base-case ∆TDEP_RDN for 2050. Remaining plots
give the difference between ∆TDEP_RDN for different climate scenarios relative to that
shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited iso-
prene emissions, and (d) CO2-inhibited stomatal conductance. Note that colour-scale
varies between (a) and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 7:
Source-receptor changes in 2050: the impact of NH3 emissions from PL on TDEP_RDN.
Subfig (a) gives the base-case ∆TDEP_RDN for 2050. Remaining plots give the differ-
ence between ∆TDEP_RDN for different climate scenarios relative to that shown in (a).
The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions,
and (d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a)
and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 8:
Source-receptor changes in 2050: the impact of NH3 emissions from IT on TDEP_RDN.
Subfig (a) gives the base-case ∆TDEP_RDN for 2050. Remaining plots give the differ-
ence between ∆TDEP_RDN for different climate scenarios relative to that shown in (a).
The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions,
and (d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a)
and the remaining plots.
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Table 10: Reductions in SOMO35 due to 15% emission of NOy
and NH3 in NL. Values give domain-mean changes in SOMO35
for the different base-cases. Units: ppb.day

∆SOMO35
Base-case Base-value NOy NH3

2010-Base 2985.4 -1.027 -0.384
2050-Base 2467.5 0.301 -0.185
2050-A20 2458.1 0.273 -0.162
2050-bvoc 2453.1 0.293 -0.185
2050-KCO2 2520.7 0.319 -0.188

3.3 Sum of Ozone over 35 ppb, SOMO35
Tables 10-13 present corresponding results the health-related ozone metric, SOMO35,
and Figs. 9-12 illustrate the spatial variations and sensitivity to the climate scenario.
It should be noted that the domain-mean values in the Tables are influenced by high
SOMO35 over sea-areas (where O3 deposition is low and hence concentrations high),
but relative impacts should not be affected too much by this. The results for SOMO35
are more complex than seen for N-depositions above. For Netherlands for example,
reduction of NOy emissions from the 2010-Base case results in increases in SOMO35
even as a mean value over the full domain. Although the domain mean change for 2050
is now a reduction, Fig. 10 shows that a SOMO35 increase remains over the Netherlands
itself (due to remaining NOx titration) and decreases across the rest of Europe.

Indeed, in all of the 2050 base-cases, reduction of NOy emissions results in de-
creases in mean SOMO35. Such behaviour is a result of the non-linearities inherent
in ozone production, and such non-linearities are most apparent when NOx emission
densities are high - as they are in the Netherlands.

Another interesting feature of these SOMO35 results is that the differences between
2050 base-cases and ∆SOMO35 values are variable to some extent, e.g. ∆SOMO35
values for Dutch NOy impacts change from 0.273 ppb.day for the 2050-A20 case to
0.318 for the 2050-KCO2 case. These differences reflect the fact that the different
2050 cases produce somewhat different base-fields for SOMO35, combined with some
non-linearity in both ozone formation and the use of the 35 ppb threshold in the defini-
tion of SOMO35. On the other hand, although variable, the differences between 2050
∆SOMO35 values are far smaller (especially for the Netherlands and Poland) than the
difference between any 2050 and the 2010 base-case.
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Table 11: Reductions in SOMO35 due to 15% emission of NOy
and NH3 in PL. Values give domain-mean changes in SOMO35
for the different base-cases. Units: ppb.day

∆SOMO35
Base-case Base-value NOy NH3

2010-Base 2985.4 0.472 -0.834
2050-Base 2467.5 1.579 -0.351
2050-A20 2458.1 1.550 -0.319
2050-bvoc 2453.1 1.553 -0.351
2050-KCO2 2520.7 1.687 -0.359

Table 12: Reductions in SOMO35 due to 15% emission of NOy
and NH3 in ES. Values give domain-mean changes in SOMO35
for the different base-cases. Units: ppb.day

∆SOMO35
Base-case Base-value NOy NH3

2010-Base 2985.4 7.413 -0.638
2050-Base 2467.5 7.961 -0.267
2050-A20 2458.1 7.920 -0.279
2050-bvoc 2453.1 7.855 -0.267
2050-KCO2 2520.7 8.059 -0.270
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 9:
Source-receptor changes in 2050: the impact of NOx emissions from ES on SOMO35.
Subfig (a) gives the base-case ∆SOMO35 for 2050. Remaining plots give the difference
between ∆SOMO35 for different climate scenarios relative to that shown in (a). The
scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions, and
(d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a) and
the remaining plots.
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Table 13: Reductions in SOMO35 due to 15% emission of NOy
and NH3 in IT. Values give domain-mean changes in SOMO35
for the different base-cases. Units: ppb.day

∆SOMO35
Base-case Base-value NOy NH3

2010-Base 2985.4 7.575 -1.188
2050-Base 2467.5 8.817 -0.533
2050-A20 2458.1 8.748 -0.553
2050-bvoc 2453.1 8.756 -0.533
2050-KCO2 2520.7 8.900 -0.538
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 10:
Source-receptor changes in 2050: the impact of NOx emissions from NL on SOMO35.
Subfig (a) gives the base-case ∆SOMO35 for 2050. Remaining plots give the difference
between ∆SOMO35 for different climate scenarios relative to that shown in (a). The
scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions, and
(d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a) and
the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 11:
Source-receptor changes in 2050: the impact of NOx emissions from PL on SOMO35.
Subfig (a) gives the base-case ∆SOMO35 for 2050. Remaining plots give the difference
between ∆SOMO35 for different climate scenarios relative to that shown in (a). The
scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions, and
(d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a) and
the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 12:
Source-receptor changes in 2050: the impact of NOx emissions from IT on SOMO35.
Subfig (a) gives the base-case ∆SOMO35 for 2050. Remaining plots give the difference
between ∆SOMO35 for different climate scenarios relative to that shown in (a). The
scenarios are: (b) A20-NH3, increased NH3 (c) CO2-inhibited isoprene emissions, and
(d) CO2-inhibited stomatal conductance. Note that colour-scale varies between (a) and
the remaining plots.
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Table 14: Reductions in POD3-IAM-CR due to 15% emis-
sion of NOy and NH3 in NL. Values give domain-mean
changes in POD3-IAM-CR for the different base-cases. Units:
mmole O3 m – 2 yr – 1

∆POD3
Base-case Base-value NOy NH3

2010-Base 6.1 -0.000 -0.001
2050-Base 5.2 0.001 -0.000
2050-A20 5.1 0.001 -0.000
2050-bvoc 5.1 0.001 -0.000
2050-KCO2 2.9 0.001 -0.000

3.4 Phyto-toxic ozone dose, POD
Tables 14-17 present corresponding results the vegetation risk indicator POD3, as ap-
plied for a generic crop using methods recommended for integrated assessment map-
ping. Figs. 13-16 illustrate the spatial variations and sensitivity to the climate scenario.

POD is a measure of the ozone taken up by stomata, and with POD3 only ozone
fluxes of more than 3 nmole m – 2 s – 1 are counted towards the metric. In contrast to the
metrics presented above, the values seen for ∆POD3 are rather similar for most base-
cases. The most dramatic difference is in the base-case values of POD3 themselves,
with the 2050-KCO2 scenario producing only about half of the base-value of the other
scenarios. The 2050-KCO2 scenario also clearly stands out in Figs. 13-16.

Of course, 2050-KCO2 is a scenario that leads to a direct reduction in stomatal
conductance and hence to ozone uptake. In addition, the use of the threshold of 3
nmole m – 2 s – 1 causes POD3 to be much more sensitive to changes than total stomatal
fluxes themselves (Tuovinen et al. 2007, 2009).
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Table 15: Reductions in POD3-IAM-CR due to 15% emission of
NOy and NH3 in PL. Values give domain-mean changes in POD3-
IAM-CR for the different base-cases. Units: mmole O3 m – 2 yr – 1

∆POD3
Base-case Base-value NOy NH3

2010-Base 6.1 0.006 -0.001
2050-Base 5.2 0.005 -0.000
2050-A20 5.1 0.005 -0.000
2050-bvoc 5.1 0.005 -0.000
2050-KCO2 2.9 0.003 -0.000

Table 16: Reductions in POD3-IAM-CR due to 15% emission of
NOy and NH3 in ES. Values give domain-mean changes in POD3-
IAM-CR for the different base-cases. Units: mmole O3 m – 2 yr – 1

∆POD3
Base-case Base-value NOy NH3

2010-Base 6.1 0.010 -0.001
2050-Base 5.2 0.009 -0.000
2050-A20 5.1 0.008 -0.000
2050-bvoc 5.1 0.008 -0.000
2050-KCO2 2.9 0.006 -0.000
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 13:
Source-receptor changes in 2050: the impact of NOx emissions from ES on
POD3_IAM_CR. Subfig (a) gives the base-case ∆POD3_IAM_CR for 2050. Remain-
ing plots give the difference between ∆POD3_IAM_CR for different climate scenarios
relative to that shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-
inhibited isoprene emissions, and (d) CO2-inhibited stomatal conductance. Note that
colour-scale varies between (a) and the remaining plots.
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Table 17: Reductions in POD3-IAM-CR due to 15% emission of
NOy and NH3 in IT. Values give domain-mean changes in POD3-
IAM-CR for the different base-cases. Units: mmole O3 m – 2 yr – 1

∆POD3
Base-case Base-value NOy NH3

2010-Base 6.1 0.009 -0.001
2050-Base 5.2 0.010 -0.000
2050-A20 5.1 0.009 -0.000
2050-bvoc 5.1 0.009 -0.000
2050-KCO2 2.9 0.007 -0.000
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 14:
Source-receptor changes in 2050: the impact of NOx emissions from NL on
POD3_IAM_CR. Subfig (a) gives the base-case ∆POD3_IAM_CR for 2050. Remain-
ing plots give the difference between ∆POD3_IAM_CR for different climate scenarios
relative to that shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-
inhibited isoprene emissions, and (d) CO2-inhibited stomatal conductance. Note that
colour-scale varies between (a) and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 15:
Source-receptor changes in 2050: the impact of NOx emissions from PL on
POD3_IAM_CR. Subfig (a) gives the base-case ∆POD3_IAM_CR for 2050. Remain-
ing plots give the difference between ∆POD3_IAM_CR for different climate scenarios
relative to that shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-
inhibited isoprene emissions, and (d) CO2-inhibited stomatal conductance. Note that
colour-scale varies between (a) and the remaining plots.
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(a) base-case (b) A20-NH3

(c) CO2-BVOC (d) CO2-gsto

Figure 16:
Source-receptor changes in 2050: the impact of NOx emissions from IT on
POD3_IAM_CR. Subfig (a) gives the base-case ∆POD3_IAM_CR for 2050. Remain-
ing plots give the difference between ∆POD3_IAM_CR for different climate scenarios
relative to that shown in (a). The scenarios are: (b) A20-NH3, increased NH3 (c) CO2-
inhibited isoprene emissions, and (d) CO2-inhibited stomatal conductance. Note that
colour-scale varies between (a) and the remaining plots.
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4 Milestones achieved
MS32 ’Final’ model-system ready. Commencement of source-receptor calculations.

Standard source-receptor calculations for the year 2013 can be found at www.emep.int.
The source-receptor calculations for the future scenarios commenced towards the
end of the ECLAIRE project.

5 Deviations and reasons
The commencement of source-receptor calculations was delayed compared to the orig-
inal plan. Also during ECLAIRE it became apprarent that in many cases the climate 
impacts are extremely uncertain, even with respect to the sign of the change in the case 
of the CO2 inhibition of isoprene emissions (or of other BVOC emissions). There is 
thus no clear ’best’ setup for 2050 scenarios, so a number of possible futures needs to 
be explored. The main need as seen by e.g. IIASA for the GAINS model is to get 
an improved understanding of how S-R relationships based upon current understanding 
and climate will change depending on different climate assumptions, so the work was 
re-focused on this aspect.
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