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Some experiences 
making user-
friendly products: 
-  Climate Explorer  
-  IPCC WG1 AR5 

Annex I Atlas 



KNMI Climate Explorer (established 1999) 



KNMI Climate Explorer 
Three main functions 

 - Data portal 
  - Station data, Climate indices 
  - Analysed fields, Reanalyses, Model output 
 - Data manipulation 
  - Point values, area averages of fields 
  - Lower frequency statistics, extreme indices 
 - Data analysis 
  - Mean, s.d., &c. 
  - Extreme value fits, return times, return values 
  - Correlation, regression, composite analysis 
  - EOFs, SVDs. 

 



Usage 
 
-  3000 unique users per month 
-  Make ~100 000 plots / month 
-  Acknowledged in ~100 scientific papers / year 
-  Used widely for teaching 



Types of users 
  Climate scientists: 

-  Download raw data 
-  Visualisation, exploratory analysis, reviews, … 
Scientists in other fields: 
-  Download derived data 
-  Calibrate their data (eg paleo) 
-  Input to impact models 
-  Visualisations 
Engineers: 
-  Compute climatologies, statistical properties 
-  Projections, forecasts & verification 
Civil servants: 
-  Download/visualise climate indicators and projections 
 

Common needs: 
Easy Access, 
Quality Control of 
Data and Algorithms 



IPCC WG! AR5 Annex I “Atlas” 
One scenario, two variables, 2 or 4 seasons, ~40 regions 
Time series, maps of three time periods, three quantiles. 
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Annex I Atlas of Global and Regional Climate Projections
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Figure AI.38 |  (Top left) Time series of relative change relative to 1986–2005 in precipitation averaged over land grid points in North Europe (10°W, 48°N; 10°W, 75°N; 40°E, 
75°N; 40°E, 61.3°N) in October to March. (Top right) Same for land grid points in Central Europe (10°W, 45°N; 10°W, 48°N; 40°E, 61.3°N; 40°E, 45°N). Thin lines denote one 
ensemble member per model, thick lines the CMIP5 multi-model mean. On the right-hand side the 5th, 25th, 50th (median), 75th and 95th percentiles of the distribution of 20-year 
mean changes are given for 2081–2100 in the four RCP scenarios.

(Below) Maps of precipitation changes in 2016–2035, 2046–2065 and 2081–2100 with respect to 1986–2005 in the RCP4.5 scenario. For each point, the 25th, 50th and 75th 
percentiles of the distribution of the CMIP5 ensemble are shown; this includes both natural variability and inter-model spread. Hatching denotes areas where the 20-year mean 
differences of the percentiles are less than the standard deviation of model-estimated present-day natural variability of 20-year mean differences.

Sections 9.4.1.1, 9.6.1.1, Box 11.2, 12.4.5.2, 14.8.6 contain relevant information regarding the evaluation of models in this region, the model spread in the context of other 
methods of projecting changes and the role of modes of variability and other climate phenomena.
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Problems addressed 
•  How to present natural variability 
•  How to present model spread 
•  Download the data (ESGF is the problem, not the 

solution) 
•  Different start and end dates (2099 vs 2100, Nov vs 

Dec) 
•  Data problems (units, sign of evaporation, lsmask) 
•  Totally wrong model results (FGOALS-s2) 
•  Define seasons 
•  Define regions 



Lots of criticism 
•  Wrong seasons 
•  Wrong regions 
•  Wrong variables 
•  No extremes 
•  … 



Non-printed extensions 
Supplementary material: other scenarios, annual means. 
KNMI Climate Change Atlas: more regions, seasons, variables, 
datasets: 
 
 



Problems in adding CORDEX EUR-44 data 
•  Download the data 
•  Different start and end dates (2099 vs 2100, Nov vs 

Dec) 
•  Data problems (units, lsmask) 
•  Different grids 
 



Time series 



Maps 



Example analysis: Storm Desmond 5 Dec 2015 
HESSD

12, 13197–13216, 2015

Climate change
increases the

probability of heavy
rains in UK

van Oldenborgh et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
a

per
|

D
iscussion

P
a

per
|

D
iscussion

P
a

per
|

D
iscussion

P
a

per
|

Figure 1. Precipitation on 5 December 2015 in mm day�1 (ECMWF 24 h forecast from 00:00).
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Figure 5. Gumbel plot of the maximum daily precipitation amount in October–February in 16
EC-Earth experiments 1889–2014. The lines indicate a GEV fit assuming the distribution scales
with the smoothed observed global mean temperature. Red values indicate the climate of 2015,
blue lines the climate of 1931. The stars denotes the simulated block maxima, shifted up with
the fitted trend to 2015 (red) or to 1931 (blue). The value from the ECMWF analysis is taken for
2015 (purple line).
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Van Oldenborgh et al, HESSD, 16 Dec 2015 



Questions 
•  Would the other CORDEX regions be useful? 
•  Bias-corrected model output? 
•  Where can I find the data? (preferably not on ESGF) 
•  Which derived data (extreme indices etc) are most useful? 

Note that this supports Climate Services, but 
there is still a big gap between the Atlas / 
Climate Explorer and user needs. 



Example analysis: Flooding of Danube/Elbe 

Precipitation amount observed between 30 May 
and 2 June 2013. The black lines indicate the 
drainage basins of the rivers Elbe (top) and 
Danube (bottom). (source: E-OBS).  
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shows the four-day precipitation average during the 
event in the E-OBS dataset and the corresponding 
mean sea level pressure (MSLP) averaged over these 
four days in the European Centre for Medium-Range 
Weather Forecasts Re-Analysis, ERA Interim (Dee 
et al. 2011). To assess the model’s ability to simulate 
this type of heavy precipitation event, we identified 
the ensemble member in the all-forcings simulations 
with the wettest four days in the upper Danube and 
Elbe catchments. As shown in Fig. 20.1c,d, the model 
is able to represent a similar event to what occurred 
in spring 2013 in terms of precipitation and MSLP; 
although, overall, the model appears to slightly 
underestimate the extent and intensity of the heavy 
precipitation event. Comparing the maximum four-
day precipitation averages between Fig. 20.2a,b and 
Fig. 20.2c,d for return times up to 100 years indicates 
that the model underestimates Danube precipitation 
by about 20% and overestimates 
the Elbe precipitation roughly the 
same amount.

Influence of climate change on the 
floods. There are several methods 
to attribute whether the odds of 
an extreme event occurring have 
been affected by climate change. 
Here we compare two of these in 
order to increase the confidence 
in the resulting statement. Figure 
20.2 shows return times for the 
maximum four-day average pre-
cipitation in the E-OBS dataset 
and in HadRM3P in May–June. 
Figure 20.2a,b shows that the 
2013 event (purple line) was very 
unusual in these months, with 
return times larger than 200 years 
for the upper Danube and Elbe 
catchments (in agreement with 
the observation that none of the 
six larger floods in Bratislava since 
1500 occurred in these months; 
Pekárová et al. 2013). The time 
series of the maximum four-day 
average in May or June 1950–2012 
is fitted to a generalized extreme 
value (GEV) distribution with the 
position parameter μ and scale 
parameter σ simultaneously vary-
ing exponentially with the global 
mean temperature (smoothed with 

a four-year running mean) as a first approximation 
of possible effects of global warming (other choices 
for the trend give very similar results). The 200 years 
are the lower bound of the 95% confidence interval 
estimated with a nonparametric bootstrap (upper 
blue and red lines). There were events in July and 
August with higher precipitation, but the impact of 
heavy precipitation events in the summer months is 
smaller as a higher proportion of precipitation gets 
absorbed in the soils. The trends in extremes before 
2013 have different signs over the two basins; neither 
is significantly different from zero at p < 0.1. This 
is also shown in Fig. 20.2a,b where the fitted return 
times are similar in the 1950 climate (blue lines) and 
the 2013 climate (lines). 

Similar figures are produced from the model 
simulations with and without climate change (Fig. 
20.2c,d). Here, each red dot represents the average 

Fig. 20.2. Return time plots for the maximum four-day precipitation 
average during May–Jun in the E-OBS dataset (a), (b) and in HadRM3P (c), 
(d) for the upper Danube catchment (left) and the upper Elbe catchment 
(right). For the E-OBS dataset, red crosses indicate years from 1950 to 
2012 after correction for the fitted trend to the year 2013 and the red 
lines correspond to the 95% confidence interval estimated with a non-
parametric bootstrap. Blue crosses and lines represent the same as the 
red but in the climate of 1950, and the horizontal purple line represents 
the observed value for May–Jun 2013. For the HadRM3P datasets, the red 
dots indicate May–Jun possible four-day maximum precipitation events 
in a large ensemble of HadRM3P simulations of the year 2013, while the 
light blue dots indicate possible May–Jun four-day maximum precipitation 
events in 25 different ensemble simulations of the year 2013 as it might 
have been without climate change. The blue dots represent the 25 natural 
ensembles aggregated together. The error-bars correspond to the 5%–95% 
confidence interval estimated with a non-parametric bootstrap.

Return times in the observed present and past climates 
(top) and in present and pre-industrial modelled 
climates (bottom). No change can be detected. Schaller 
et al, BAMS, Explaining Extreme Events 2013. 



Projections 
Climate Change Atlas, derived from IPCC WG1 AR5 Annex I  



Examples: visualisation 





Example: visualisation 

Note that all data of a map or plot can always be downloaded 



Visualisation 



Example: analysis 
2014 warmest year on record in 
Europe 
 
 
 
 
 
 
 
 
 
 
Temperatures wrt 1981-2010 

Return time 2014: ~90 year 
Return time 1951: >10000 year 
Ratio > 50 (95% CI)  



Portals being integrated, also with ESGF, Climate4impact 
-  Common storage 
-  Common visualisation tools (ADGUG) 
-  Integrated transformations (eg extreme indices) 

-  Climate Explorer: SPECS, EUCLEIA 

Currently part of the EU projects 



Comparison of different datasets 



Comparison of different datasets 



Future plans 
-  Keep users happy 
-  Operationalisation (total rewrite) 
-  More data (CORDEX, KNMI’14 data, CMIP6) 
-  Daily data, but especially extreme indices (icm ICA&D) 
-  More analyses as needed 
-  Integration with other data sources 
-  Integration into Copernicus system 
 


