
National report The Netherlands 
 
Systematic observations:  
 
Surface networks  

• Brewer measurements in the Netherlands 
The Brewer measurements at the station “De Bilt” by KNMI with  Brewer #189 have 
been continued. Brewer #189 has been operated continuously since 1 October 2006. It 
replaced Brewer #100 which provided observations since 1 January 1994.“De Bilt” 
has the longest record of ozone measured with an MKIII instrument in the WOUDC 
database.  

 
• Brewer measurements in Suriname 
Measurements at the station “Paramaribo” with Brewer #159 have been continued. 
After careful cleaning, the dataset has now been submitted to WOUDC and NDACC. 
(The variability in de ozone data in this tropical station is low, and interference by 
clouds is a significant problem at this site.) 

 
• Ozone soundings in the Netherlands 
The ozone sounding program at station “De Bilt” by KNMI has been continued, with 
at least one launch per week, and more when special events occurred.  

 
• Ozone soundings in Surinam 
The ozone sounding program in Paramaribo has been continued with one launch per 
week. Paramaribo station is part of the SHADOZ network. The observations at 
Paramaribo are performed by staff of the Meteorological Service of Surinam. 
 
• UV-monitoring in the Netherlands 
RIVM continued the spectral UV-monitoring in Bilthoven in the Netherlands.The 
overall UV-data record in 2013 spans 20 years (1994-2013). The solar UV-spectrum 
at the ground is recorded each 12 minutes from sun rise to sun set. More than 20000 
spectra are recorded each year. The spectral data are automatically processed with the 
QC (quality control) and data-analysis software package SHICrivm and the calculated 
solar UV-index (or zonkracht in Dutch) is presented in real time on the RIVM 
website (www.rivm.nl/zonkracht (in Dutch) and www.rivm.nl/UVindex (in English)). 

 
• Ozone lidar measurements Lauder, New-Zealand  
RIVM has continued the operation of the stratospheric ozone lidar at the NDACC 
station in Lauder, New-Zealand where first measurements started in 1994. 
Measurements were taken by the RIVM stratospheric ozone lidar on 44 nights in 
2012 and 32 nights in 2013. On a single measurement night, usually various 
measurements are done. Profiles up to July 2011 have been submitted to international 
databases, including NDACC.  
 
Concerns: 
 



Driven by the need for budget-reduction, the operational strategy of the lidar was 
altered in July 2011. Unfortunately, the implemented changes have introduced 
problems in the data processing chain and for the post-change periodno data have 
been submitted to the databases yet. Given the limited budget, the necessary software 
(and possibly hardware) adjustments may take considerable time to implement. A 
second worry comes from the aging of the system. The lidar has been in operation in 
Lauder for almost 20 years. While laser and computer have been replaced once since, 
most parts are close to 25 years old. Many electronic parts are no longer replaceable 
(no longer built) and failure of those would require a large system update. This is not 
feasible with the current funding status. Continuity of the measurements is therefore 
at stake, and measurements may stop abruptly on a failure. 
 

 
Satellite networks   
 
The Netherlands is involved in satellite ozone measurements from several instruments: 
GOME, SCIAMACHY, OMI, GOME-2 and TROPOMI. These are UV-visible satellite 
spectrometers, from which ozone and several other trace gases, like NO2, SO2, HCHO, 
are determined. The OMI and GOME-2 instruments are operational. The TROPOMI 
instrument is presently being manufactured. 
 
SCIAMACHY was contributed by Germany, the Netherlands, and Belgium to ESA’s 
Envisat satellite. SRON is the Dutch co-PI of SCIAMACHY. OMI is a contribution from 
the Netherlands and Finland to NASA’s EOS-Aura satellite. KNMI has the PI-role for 
OMI. TROPOMI is the successor instrument of OMI and SCIAMACHY. TROPOMI is 
developed by the Netherlands and ESA, and will fly on the ESA Sentinel-5 Precursor 
mission, to be launched end of 2015. KNMI has the PI-role of TROPOMI, with SRON as 
the co-PI.. 
 
Ozone data processing and users 
 
At KNMI near-real time and off-line data processing of satellite ozone columns and 
ozone profiles is taking place; see Table 1. Also data assimilated products are made. Most 
of the products are being delivered to users via the web portal www.temis.nl.  
 
The OMI ozone products are being delivered via the GSFC Data and Information 
Services Center (DISC). GOME-2 data processing at KNMI is performed in the 
framework of the Ozone and Atmospheric Chemistry Monitoring Satellite Application 
Facility (O3MSAF) of EUMETSAT. Data delivery of near-real-time ozone profile 
products is done via EUMETCast broadcasting. Figure 1 gives an example of GOME-2 
profiles derived for the Antarctic in 2008. 
 



 
 
Figure 1: Vertical structure of the Antarctic ozone hole in 2008 observed by GOME-2 
(from Van Peet et al., 2008). 
 
There are many users of the satellite ozone data; for example, SCIAMACHY and OMI 
ozone column data is being delivered in near-real-time to ECMWF for assimilation in the 
model. The EU MACC project is also a user of KNMI satellite ozone data.  
 
Table 1: Near-real-time and offline satellite ozone products made by KNMI. 
Instrument Product Period Data delivery 
GOME Ozone column 1995 – now  

(global until 
2003) 

http://www.temis.nl 
 

SCIAMACHY Ozone column 2002 – 2012 http://www.temis.nl 
 

OMI Ozone column, 
Ozone profile, 
Assimilated 
ozone column 

2004 – now http://www.temis.nl 
 
http://disc.sci.gsfc.nasa.gov/Aura
 

GOME-2 Ozone profile, 
Assimilated 
ozone column  

2007 – now http://www.temis.nl 
http://o3msaf.fmi.fi 
EUMETCast 

Multi-Sensor 
Reanalysis 
(MSR) 

Assimilated 
ozone column 

1978-2008 http://www.temis.nl 
 

 
 
Assessment contributions and outreach 
 
Netherlands scientists (Jos de Laat, Ronald van der A and Guus Velders) have 
contributed to several chapters of the 2014 UNEP/WMO Scientific assessment report. 
The Netherlands satellite observations are regularly used in the Antarctic Ozone bulletins 
given out by WMO.  



At the occasion of World Ozone Day, 16 September 2013 a brochure in Dutch was 
compiled informing policy makers and the general public about the latest developments 
regarding the ozone layer, UV and associated health impacts in  the Netherlands 
(http://www.knmi.nl/knmi_publicaties/bescherming_ozonlaag_2013/).  
 
 
Other selected contributions 
 
Studies of exceptional ozone layer events in the Arctic and Antarctic 
 
The ozone observations from OMI have been used by Manney et al. (2011) to analyse the 
unprecedented ozone loss in the Arctic in March 2011 illustarted in figure 2.  They 
demonstrated that  the chemical ozone destruction in the Arctic vortex in spring 2011 was 
comparable to that in the Antarctic ozone hole. It is is the first time that this was observed 
since observations have started. A likely cause were the unusually cold temperatures in 
the Arctic stratospheric vortex, which led to strongly enhanced chlorine activation and 
ozone loss. 
 

 

 
 
Figure 2: The distribution of ozone in the Arctic on 26 March 2011 as observed by OMI. 
 
The 2010 Antarctic ozone hole was on the other hand characterized by an anomalously 
small amount of ozone loss. Satellite observations showed that this was mainlydue to 



reduced ozone depletion in the 20-25 km height range. At lower heights ozone loss was 
not exceptional. De Laat and Van Weele  (2011) showed that the reduced chemical ozone 
loss in 2010 was due downward transport of relatively humid air as a consequence of  the 
occurrence of a minor Sudden Stratospheric Warming (SSW).This is illustrated in figure 
3. The moist air air from the middle stratosphere did not descend much deeper than about 
20 km and therefore ozone destruction below that altitude was left unaffected and similar 
to other years without SSWs.  
 
 

 
Figure 3: The time evolution of the  temperature anomaly in K (upper panel) en humidity 
anomaly in ppmv (lower panel) in the Antarctic in 2010 relative to 2005-2009, as 
observed by the MLS instrument. 
 
Re-evaluation of ozone data-records 
 



A major effort has been the multi-sensor re-analysis of total ozone performed with the 
TM3-DAM model (Van der A et al, 2010). This effort created a single coherent total 
ozone dataset from all available ozone column data measured by polar orbiting satellites 
in the near-ultraviolet Huggins band in the last thirty years. Fourteen total ozone satellite 
retrieval datasets from the instruments TOMS (on the satellites Nimbus-7 and 
Earth Probe), SBUV (Nimbus-7, NOAA-9, NOAA-11 and NOAA-16), GOME (ERS-2), 
SCIAMACHY (Envisat), OMI (EOS-Aura), and GOME-2 (Metop-A) were used. It is 
used to document the evolution of the Antarctic ozone hole (figure 4). Currently an 
update and extension of this MSR is underway.  
 
 

 
 
Figure 4: Thirty-year time series of the Antarctic ozone hole, derived from the multi-
sensor reanalysis data set of Van der A et al. (2010). 
 
Knibbe et al. (2014) have used the MSR to investigate what explains the temporal 
variability of total ozone. The two-dimensionality of the MSR allowed them to derive the 
spatial patterns of regression coefficients and their explanatory power. They did this for 
both purely statistical as well as physically based regressions. Physically based 
parameters included EESC, the 10.7 cm solar flux, EP fluxes, QBO, ENSO, day length, 
PV at 150hPa  anmd geopotential height at 500 hPa. Figure 5 shows that the physical and 
statistical regression have similar spatial performance distributions. Both show somewhat 
reduced performance in zonal bands located near the Antarctic vortex edge and at about 
10° S in the tropics, and furthermore in a region extending from North Africa to China.   
 



 
Figure 5: The spatially resolved performance in terms of R2 of physical (left) and 
statistical (right) regressions of 32 years time evolution of column ozone. 
 
 
ESA Ozone_cci project 
 
Netherlands scientists (Ronald van der A, Jacob van Peet, Michiel van Weele) have 
contributed to several deliverables of the ESA Ozone_cci project. Ozone_cci is one of the 
projects of the ESA Climate Change Initiative to generate climate records for many of the 
essential climate variables. Ozone_cci aims at generating new high-quality satellite data 
sets that are essential to assess the fate of atmospheric ozone and better understand its 
link with anthropogenic activities. 
 
During Phase-1 (2011-2013) Ronald van der A and Jacob van Peet contributed to 
Ozone_cci through the provision of improved (assimilated and non-assimilated) nadir 
satellite-based ozone profiles. Ronald van der A and Michiel van Weele also (co-
)authored the user requirement and product specification documents. Michiel van Weele 
contributed to the Climate Assessment Report with a comparison of the ozone profile 
records for the ‘Golden year’ 2008 provided by the instruments and models participating 
in Ozone_cci (Figure 6). The analysis includes two CCM simulations which were nudged 
to ERA Interim meteorological reanalysis fields for the year 2008 while the CTM used 
ERA Interim reanalyses as its meteorological driver. 
 
The presented analysis puts a focus on the stratospheric altitude range [250-0.5 hPa] (12-
50 km). The figure shows the present-day achieved consistency against the multi-model 
mean for each of the individual L3 instrument records for the year 2008 as well as with 
for the merged L3 limb product and the L4 assimilated nadir profiles. The differences 
between the models are of same order as the differences between the instruments. No 
single instrument-model combination was found to perform better than other 
combinations. 
 
Phase-2 of Ozone_cci starts in 2014 and, like Phase 1, will last for three years. 



 

 
Figure 6: Comparison of the ozone profiles of the harmonized climate records for the 
month of  March 2008 against each other and agaist models relative to the multi-model 
mean of the three models. The limb instrument data records include the gridded zonal-
mean ozone records from Envisat-instruments (MIPAS, SCIAMACHY, and GOMOS 



and Odin instruments (OSIRIS, and SMR). The nadir instrument data records include the 
gridded (L3) and assimilated (L4) zonal-mean ozone records from MetOp-GOME-2 for 
the same month. The models include the CTM TM5 run by KNMI as well as two CCMs 
(EMAC and UCAM) nudged to ERA Interim meteorology for the year 2008.. 
 
 
 
Studies of the future impact of ozone-depleting substances 
 
Preserving Montreal Protocol Climate Benefits by Limiting HFCs 

The Montreal Protocol is perhaps the most successful international environmental treaty, 
responsible for global phaseout of the consumption and production of ozone-depleting 
substances (ODSs), e.g., chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons 
(HCFCs). Hydrofluorocarbons (HFCs), which do not destroy stratospheric ozone, were 
considered long-term substitutes for ODSs and are not controlled by the Montreal 
Protocol. Because most HFCs are potent greenhouse gases (GHGs), they are included in 
the Kyoto Protocol. But climate benefits provided by this protocol are limited as they 
apply only to developed countries and over a short time (2008–2012). In Velders et al. 
(2012) we described, with no impending global controls on HFCs, inclusion of HFCs 
under the Montreal Protocol offers a path, starting in the short term, to preserve the 
climate benefits already achieved by this protocol (see Figure 7). 

 

 

Figure 7. Projected radiative forcing by ODSs, HFCs, low-GWP substitutes, and CO2. 
The blue hatched region indicates what would have occurred in the absence of the 



Montreal Protocol, with 2 to 3% annual production in-creases in ODSs. Added to the 
radiative forcing from ODSs are the contributions from HFCs from an upper-range 
scenario. Also shown are the radiative forcing from alternative scenarios in which 
substitution is made with chemicals having shorter lifetimes (lower GWPs). From 
Velders et al. (2012). 

 

The contribution of HFCs to global temperature change 

There is growing international interest in mitigatingclimate change during the early part 
of this century by reducingemissions of short-lived climate pollutants (SLCPs),in 
addition to reducing emissions of CO2. The SLCPs include methane (CH4), black carbon 
aerosols (BC), tropospheric ozone (O3) and hydrofluorocarbons (HFCs). Recent 
studieshave estimated that by mitigating emissions of CH4, BC, andO3 using available 
technologies, about 0.5 to 0.6 C warming can be avoided by mid-21st century. In Xu et 
al. (2013) we showed that avoiding production and use of high-GWP (global warming 
potential) HFCs by using technologically feasible low-GWP substitutes to meet the 
increasing global demand can avoid as much as another 0.5 C warming by the end of the 
century. This combined mitigation of SLCPs would cut the cumulative warming since 
2005 by 50% at 2050 and by 60% at2100 from the CO2-only mitigation scenarios, 
significantly reducing the rate of warming and lowering the probability of exceeding the 
2 C warming threshold during this century. 

 

Uncertainty analyses of ozone depleting substances 

The rates at which ozone-depleting substances (ODSs) are removed from the atmosphere, 
which determine the lifetimes of these ODSs, are key factors for determining the rate of 
ozone layer recovery in the coming decades. In Velders and Daniel (2014) we presented a 
comprehensive uncertainty analysis of future mixing ratios of ODSs, levels of equivalent 
effective stratospheric chlorine (EESC), ozone depletion potentials, and global warming 
potentials, using, among other information, the 2013 WCRP/SPARC assessment of 
lifetimes of ODSs and their uncertainties. The year EESC returns to pre-1980 levels, a 
metric commonly used to indicate a level of recovery from ODS-induced ozone 
depletion, is 2048 for mid-latitudes and 2075 for Antarctic conditions based on the 
lifetimes from the SPARC assessment, which is about 2 and 4 yr, respectively, later than 
based on the lifetimes from the WMO assessment of 2011. However, the uncertainty in 
this return to 1980 levels is much larger than the shift due to this change in lifetimes 
(Figure 8). The year EESC returns to pre-1980 levels ranges from 2039 to 2064 (95% 
confidence interval) for mid-latitudes and 2061 to 2105 for the Antarctic spring. The 
primary contribution to these ranges comes from the uncertainty in the lifetimes, with 
smaller contributions from uncertainties in other modelled parameters (Figure 9). 
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Figure 8. Normalized EESC (1980 value set to 1) from 1960 to 2100 for mid-latitude  
conditions using the lifetimes from SPARC (2013) and with uncertainties applied to all 
parameters. Shown are the median values and 95% confidence interval based on the 
possible (orange) and most likely (red) uncertainty ranges in lifetimes. The years EESC 
returns to pre-1980 levels for the median EESC values is indicated with thin dashed lines. 
The EESC curves corresponding to the zero-emission scenario are shown for reference. 
From Velders and Daniel (2014). 
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Figure 9. Uncertainties (difference from the median, 95% confidence interval) in the 
years of return to pre-1980-levels for mid-latitude conditions resulting from uncertainties 
in all considered model input parameters. The year of return in the base run is 2048 for 
mid-latitudes and 2075 for Antarctic spring conditions. From Velders and Daniel (2014). 

 

UV monitoring and modelling in the Netherlands 
RIVM continued the spectral UV-monitoring in Bilthoven in the Netherlands. Figure 10 
provides examples of diurnal dataplots for two summer days in 2013. All measured data 
are used to calculate yearly sums of UV-radiation received on a horizontal plane. The 
solar UV-index measured at groundlevel is determined primarily by the solar height, the 
total ozone column and clouds, and to a lesser extent by variations in aerosol 
concentrations. From the measured UV-data yearly sums are calculated and a standard 
procedure is used to correct for cloud effects. Thus, we obtain the measured yearly sum 
of UV-radiation received at ground level and in addition derive a cloud-corrected yearly 
sum (see Figure 11 lower and upper curves respectively) to enable a separation of trends 
and variations caused by ozone, and trends and changes caused by ozone and clouds 
combined.  

 



 

Figure 10. Solar UV-index (=zonkracht) measured at RIVM on two summer days in 
2013. Figures as provided real time on the RIVM web site. 

 

 

Figure 11. Observed UV-trends and variations in the Netherlands in the past 
decadesusing RIVM s UV-monitoring data (triangles) and a comparison with modelled 
UV-radiation levels using a combination of ozone sources (techniques described by den 
Outer etal 2010). The upper curve is corrected for cloud effects and thus shows the ozone 
related changes and variations. The lower line gives UV-radiation levels as received at 
the ground and thus includes both ozone and cloud effects. The yearly sum is calculated 
for the skin cancer weighted UV (SCUPh). 

 

Maximum clear sky UV-sums are found in the mid-nineties of the last century, with the 
highest yearly sum in 1995 (see Figure 11). Since that period ozone values slightly 



increased and consequently clear sky UV-radiation levels decreased slightly. When 
looking at the yearly UV-sum received at the ground, including ozone and cloud 
variations (Figure 11 lower curve), the highest yearly sum was also found in 1995. 
However, 2003 and 2009 closely follow 1995, and we see that for these years a lower 
reduction by clouds compensated the slightly higher ozone values. 

Ground based measurements of UV were used in validation studies of approaches to 
calculate UV-radiation at the ground from satellite observations, and a new study was 
initiated and published to systematically compare ground based UV-measurements with 
satellite derived UV-budgets derived from satellite observations. Focus in this publication 
was on cloud effect retrievals (den Outer et al., 2012).  

 

Comparing observed UV-trends with scenario studies on ozone depletion 

In addition to the measurements RIVM has developed the Assessment Model for 
Ultraviolet radiation and Risks (AMOUR) to estimate long term effects of ozone 
depletion on both UV-radiation and skin cancer risks in relation to various scenarios for 
the production and emissions of ozone depleting substances. 

If we compare the observed UV-trends with different scenarios for ozone depletion 
calculated with RIVM’s AMOUR-model we get the results shown in Figure 12. To avoid 
the year to year variability in Figure 12 the observed UV-data (modelled and measured) 
were taken as three year running means. The success of the Montreal protocol (and its 
amendments) is clearly seen in the clear sky UV-trends (Figure 12, left), which appear to 
follow the Copenhagen amendment scenario closely. Including the cloud effects (right 
panel) provides more scattering, but also in that case the large increases expected if no 
countermeasures to protect the ozone layer would have been taken (red line) are not 
reached in the past decade. 

 

Figure 12.Observed UV-changes in yearly doses for the Netherlands (blue lines and 
dots)compared with UV-changes in relation to three ozone depletion scenario’s using 
RIVM’s assessment model AMOUR: scenario without countermeasures (red), original 
1987 Montreal protocol (orange) and the Copenhagen amendments. The blue lines 
represent the three year running mean for modeled UV, and the dots for measured UV. 
The left panel provides ozone related changes and excludes the cloud variability, the right 
panel includes cloud-effects in the modelled and measured UV.  



 

Skin cancer risks avoided by the Montreal Protocol (and its amendments) 

The AMOUR-model was used to estimate worldwide skin cancer risks avoided by the 
global compliance to the Montreal protocol and it’s amendments. Led by RIVM 
researchers a collaborative European study was published with a fully globalised version 
of the AMOUR-model  (van Dijk etal., 2013). Ozone depletion scenarios were obtained 
from two coupled climate-chemistry models and a no-countermeasure scenario was 
compared to the scenario with global compliance to the Montreal protocol (and 
amendments). In the year 2030 (see Figure 13) globally around 2 million cases of skin 
cancer are avoided by the Montreal Protocol.This excess number would rapidly rise 
thereafter in view of the long latency periods for the induction of skin cancer and the 
further increase in the UV-budgets if no countermeasures to protect the ozone layer 
would have been adopted. Despite the success of the Montreal Protocol to limit future 
excess skin cancer risks due to increases in ambient UV-radiation it is noted that even 
with full compliance the majority of excess skin cancer cases due to ozone depletion will 
not be reached until the mid of the 21st century. Thus, by the time that the ozone layer is 
expected to have recovered the consequences in terms of excess skin cancer rates will be 
at its maximum. It is likely however that, with full compliance to the Montreal protocol, 
the future skin cancer risks will increase much more due to behavioral changes than due 
to ozone depletion. At present skin cancer risks have increased much more than expected 
based on ozone depletion and ageing of the populations in large parts of the 
world.Changes in clothing habits and sun seeking holidays since the fifties of the 
previous century are likelyprimary causesfor the observed increases in skin cancer 
incidence. A further increase (another doubling) is expected in the next decades, however 
the effects of ozone depletion will probably be limited to a few percent if full compliance 
with the Montreal protocol is achieved. A much worse situation would have occurred if 
no countermeasures would have been adopted. Nevertheless, protection of the skin to 
high UV-exposure levels remains important to limit future skin cancer risks. 

 

Figure 13. Total numbers of new cases of skin cancer per million people per year avoided 
by the Montreal protocol in the year 2030 (taken from van Dijketal, 2013). 



 

Applications of the lidar measurements in Lauder (NZ) 
The ozone lidar data from Lauder have been used for satellite validation, amongst others 
in the VALID-2 and Multi-TASTE projects. Several publications using this dataset are in 
preparation (Nair et al., Hubert et al., van Gijsel et al.) and have been published (Nair et 
al., 2012; Eckert et al., 2013). 

In 2011 and 2012 two validation campaigns were performed with the NDACC traveling 
standard instrument from NASA GSFC. 

In the 2012 intercomparison campaign with the GSFC system, some minor issues were 
identified during comparison of the ozone profiles, which will be corrected for (Figure 
14). 
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Figure 14. Ozone profile measurements on April 13th 2012 by an ECCsonde (green), 
microwave radiometer (blue-gray), RIVM stratospheric ozone lidar (blue and ocean-blue) 
and the GSFC mobile lidar (red and plum). 

 

Work has also been done to retrieve temperature profiles in addition to the ozone profiles 
from the lidar data. Initial validation with the NDACC traveling standard (NASA GSFC 
mobile lidar) has indicated during the intercomparison campaigns in 2011 and 2012 that 



the retrieval is feasible and agreement with the lidar and sonde is good (see Figure 15). 
Further fine-tuning is needed, but it looks promising. 
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Figure 15. Temperature profile observations on April 13th 2012 by a frost-point-
hygrometer sonde (green), the GSFC mobile lidar (different retrieval versions: coral, 
pink, red, plum and orange) and the RIVM stratospheric ozone lidar (blue and dark teal).  
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