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Key message: The results of this study show that the implementation of the revised 
NECD may lead to small positive forcing (warming) on the European scale. Comparison 
of these results with global climate model calculations indicates that the global scale 
forcing  is almost zero, and the resulting long term climate response (global temperature 
change) is likely to be in the range below 0.01 degrees C and hence insignificant.  
 
Introduction: 
 
The revision of the National Emission Ceiling Directives (NECD) will change the level 
of pollutants over the EU and in other regions. Some of the pollutants, and especially 
particulate matter and ozone, have effects on the radiation balance of the atmosphere and 
hence potentially on the future climate. A specific study was set up by JRC IES to have a 
first order estimate of the effects of changing particulate matter (PM) levels on climate. 
The methodology includes a detailed calculation of regional atmospheric concentration 
and radiation changes over the EMEP domain (Fig. 1), and a comparison with global 
climate model calculations.  
 
A metric to express the possible impact on climate is radiative forcing [Wm-2], or RF, 
commonly defined as the change in energy balance at the top of the atmosphere (TOA). 
The direct RF considers the changes in radiation due to the optical properties of aerosol – 
the scattering of incoming solar radiation (cooling) mainly by sulfate (and to a smaller 
extend also particulate organic matter) and the absorbing (warming) by black carbon. The 
indirect RF considers feedbacks resulting from interactions between clouds and aerosols. 
In this study we assess both the direct and the indirect RF. 
 
Regional model calculations: 
 
The NEC emission scenarios (0B the Current policy baseline including the Climate and 
energy package) and 1B the additional of the NEC Directive) and the base case 2000 
were implemented into the regional EMEP model (horizontal resolution 0.5ºx0.5º) to 
calculate the aerosol atmospheric burden over Europe in the 3 cases. In Table 1 we show 
the emissions used in these experiments. 



 
Table 1: Emissions as used in the EMEP model.  The second column expresses the difference with the 
2000_base  emissions.POM (Particulate Organic Matter) and BC (BlackCarbon) are part of PM2.5 
primary emissions. 
 
component 2000_base 2020_scen0B 2020_scen1B

SO2 
[Gg S/yr] 

10600 7080 
 

3560 
 

6780 
 

3860 
 

PM2.5 
[Gg/yr] 

3340 2790 550 2540 800 

POM 
[Gg/yr] 

990 824 
 

166 
 

776 214 

BC 
[Gg C/yr] 

540 383 
 

157 362 
 

178 

 
 
The simulated differences of aerosol atmospheric burden for sulfate and black carbon 
(BC) between the NEC scenarios 2020_scen0B and 2020_scen1B (with additional 
policies) are shown in Figure 1.  The strongest decreases of sulfate as well as of BC are 
found over the central and eastern parts of Europe. 
 
Fig. 1 Atmospheric column burden difference [μg/m2] NEC Scenario 1B - Scenario 0B, 2020, for sulfate 
(left) and black carbon (right) 
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The direct radiative forcing of this simulated monthly averaged aerosol burden was 
consequently calculated using the off-line Radiative Transfer Model described by 
Marmer et al. [2007].  In addition a first-order estimate of the impact of aerosol-cloud 
interactions (the first indirect radiative forcing) was made using the method described by 
Boucher and Lohmann [1995].   
 
In Figure 2 we display the calculated direct TOA radiative forcing.  The mean regional 
direct radiative forcing for scenario 1B (additional policy) compared to 0B is -0.0247 
Wm-2 (Table 2) spatially ranging from -0.4 Wm-2 to +0.009 Wm-2. This forcing is slightly 
negative (cooling) because the burden of absorbing black carbon has been more 



efficiently reduced as compared to sulfate and organic carbon. Black carbon is a directly 
emitted aerosol and it tends to remain close to the sources, producing more local effects. 
The regions where the cooling is more prominent correspond to the regions with 
strongest reduction of black carbon (compare Figures 1 and 2). SO2 however is on 
average emitted at higher altitudes, and can be transported further in the atmosphere 
before it is converted to sulfate, resulting in larger radiative forcing effects in remote 
regions.  
 
 
Fig. 2 Total Direct Radiative Forcing [Wm-2] NEC Scenario 1B – Scenario 0B, 2020 
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Table 2: Mean Direct and Indirect Radiative Forcing for Europe compared to 2000 for NEC scenarios; 
and the difference of forcing between 2020_scen1B and 2020_scen0B [Wm-2]. Calculations are averaged 
over European land-surface only. 
 

 

DRF BC DRF OC DRF SO4 TOT DRF IRF SO4 TOT IRF+DRF 
Regional 
DRF 2020 
scen0B -4.57E-02 +4.85E-03 +6.43E-02 +2.35E-02 +4.16E-01 +4.40E-01 
Regional 
DRF 2020 
scen1B -7.69E-02 +5.58E-03 +7.01E-02 -1.26E-03 +4.64E-01 +4.63E-01 
Scen1B - 
Scen0B -3.12E-02 +7.27E-04 +5.75E-03 -2.47E-02 +4.79E-02 +2.32E-02 
 
 
Including indirect radiative forcing of sulfate aerosol (IRF SO4) leads to additional 
heating (+0.048 Wm-2) comparing Scen1B – Scen0B. Less sulfate particles lead to on 
average larger cloud droplets decreasing the cloud albedo: the atmosphere is warming. 



Altogether the regional radiative forcing calculations indicate a moderate positive 
regional forcing of ca. +0.023 Wm-2 comparing the revised NECD to the current ones in 
2020. 
  
Climate impact estimated from global model calculations: 
 
Since EMEP is a regional model (covering Europe, Northwest Atlantic and Eastern parts 
of Russia),  the impact of European emission reductions on other world regions due to 
long range transport can not be considered. We use published climate model results to 
provide a first estimate of what the regional pollution reduction could mean in a global 
climate context). 
Kloster et al. [ACPD, 2008] performed ECHAM5 global climate model calculations 
assessing the effects of BC, OC and SO2 emissions perturbations in Europe similar to the 
changes in emissions from 2000 to 2020 as considered in scen0B, and about 10 times 
larger than the emission reductions realized by the revision of the NECD (scen1B-
scen0B). The ECHAM5 model can calculate regional and global impacts of emission 
perturbations, and due to the detailed aerosol and cloud-physics, also state-of-the-art 
radiative forcing calculations including some cloud responses and feedbacks from land-
surface albedo changes. In ECHAM5, the forcing is calculated on-line and we cannot 
separate direct and indirect effects. In Figure 3 we present the all-sky and the clear-sky 
radiative forcings calculated by ECHAM5. We can clearly see that the radiative forcing 
from European emission perturbations extends beyond Europe, and that the cloud 
feedbacks behave in a non-linear fashion, leading to a rather noisy signal in the all-sky 
forcing. In Europe all-sky forcing can amount up to +5 Wm-2 and clear-sky forcing up to 
+2 Wm-2. The resulting TOA (direct + indirect) radiative forcing average for Europe is 
+0.95 Wm-2 (compare with +0.44 Wm-2 for TOT IRF+DRF in the first row of in Table 2) and 
the global TOA forcing 0.038 Wm-2.  
Scaling the global TOA RF to a ca. 10 times lower emission perturbation would indicate 
a forcing of ca. 0.004 Wm-2. 
 
Figure 3; All sky and clear sky TOA RF calculated by ECHAM5 using emission an emission perturbation 
scenario about 10 times higher than emission changes resulting from the revision of NECD. 
 

 



The implications of the comparison of ECHAM5 and the regional model radiative forcing 
calculations are four-fold: 
 

1. The regional and global model calculations are consistent within their respective 
uncertainties. 
2. The uncertainty of the over-all regional RF calculations is large (at least a factor of 
2) and is mainly associated with the indirect radiative forcing. 
3. Considering that the perturbations of emissions in the ECHAM simulations are 
about a factor of 10 larger than those resulting from the revised NECD emissions (i.e. 
the change in emissions between 2020_scen1B and scen0B), the resulting global 
TOA radiative forcing is likely to be in the range of +0.004±0.004 Wm-2 .  Using a 
global climate sensitivity of 1 ºC/(Wm-2) the global temperature response results in a 
temperature perturbation of at most 0.01 ºC  (upper limit) 
4. The emission changes from the revised NECD are so small, that it is not possible to 
make a statistically robust calculation of European temperature changes. 

 
Thus, regardless of the method used, the regional and global TOA radiative forcing and 
the expected climate response caused by the additional air pollution control requested in 
the NECD revision can be regarded as small, and are not likely to lead to substantial 
climate impact. 
 
It is useful to put the relatively small emissions reductions due to the revision of NECD 
into the perspective of much larger emission changes happening in the world.  
 
Recent calculations at JRC using the ECHAM5 GCM  Kloster et al., ACPD, 2008, 
manuscript in preparation, 2008] show that the implementation of more stringent end-of-
pipe air pollution controls during the next decades in all world regions together might 
lead to overall net warming  effect on climate. A similar model study performed at NASA 
GISS (Unger et al, 2008) indeed indicates that reduction of biomass/biofuel and 
transportation emissions may have a net cooling effect on climate , whereas reduction of 
emissions in the power generation and industrial sectors would lead to net warming, 
requiring additional off-setting climate measures. 
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