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1. Introduction 
 

The Urban SIS results consist of downscaled Essential Climate Variables (ECVs) and impact indicators 

over three urbanized domains: Stockholm, Bologna and Amsterdam/Rotterdam. There are three 

data sets available, all based on 5 years of hourly gridded 1×1 km
2
 data, representing: 

• A historical period of specific years: 2006, 2007, 2012, 2013, 2014 

• 5-years of data taken from a climate scenario, representing present conditions (1980-2010) 

• 5-years of data taken from a climate scenario, representing future conditions (2030-2065) 

 

The decision to present climate scenario results in two time windows, each of a total length as short 

as 5 years, has been criticized from ECMWF and the climate research community. The background 

to these short periods is the high computational demand for producing high resolution climate 

scenario data over various urban domains. A methodology was developed for selecting the five 

years to represent the characteristics of about 30 years in the selected climate scenario serving as 

external forcing, however the selection process had to be limited to two key ECVs – temperature 

and precipitation – which opens up for larger uncertainties concerning other ECVs. It should also be 

lifted forward that Urban SIS only considers one climate scenario with a rather strong climate 

change signal, based on the RCP8.5 emission scenario. While most climate services offer ensemble 

data with statistically determined uncertainties or probabilities for the future climate, we have for 

Urban SIS only one future scenario realization as a base. The aim of this report is to give some 

information on the overall characteristics of this sole climate scenario data set. However, users of 

Urban SIS data should be aware of the large uncertainties in projections and trends, given by the 

fact that the future climate ECVs and indicators are based on a short 5-year wind window based 

on one sole global climate model realization.  

 

Urban SIS also present output for a historical 5-year period, not affected by any climate scenario. 

For the historical period the data should be as close as possible to the reality and the quality of the 

downscaling has, for the most important ECVs, been evaluated against observations (deliverables 

C3S_D441.5.1-3). The data set representing present conditions of the climate scenario is also given 

historical years, but they have no connection to “true” conditions for particular years and can only 

be compared in terms of statistics e.g. long term period averages or maxima. 

 

The purpose of this report is to outline a procedure for giving a rough, but quantitative estimation 

of the quality of the Urban SIS data and how to communicate this quality to the end-users, in order 

to give them an understanding of the uncertainties involved while using the data as a basis for 

planning decisions. The report also comments on the Urban SIS scalability to other European cities.   

 

2. Estimating the quality of Urban SIS data 
 

The quality of the Urban SIS data will be estimated from three aspects: 

a) Downscaling model performance (named “Model”) 
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b) Determination of impact indicators (named “Indicator”) 

c) Climate scenario uncertainties (named “Scenario”) 

 

For each ECV and indicator, a three-level quality scale will indicate the quality of the Urban SIS 

output with respect to these three aspects. The three-level scale, a number from 1 to 3 which in the 

visualization are coupled to the colors green-red-yellow, communicates the following messages: 

1. Good quality � results can be used without considering certain limitations or restrictions 

(“Go ahead!”) 

2. Medium quality � results are useful, but the user should be aware of certain 

limitations/restrictions (“Caution!”) 

3. Poor quality � results can partly be useful, but the user must understand the 

limitations/restrictions (“Warning!”) 

 

The “Model” and “Indicator” aspects are classified individually for each city, while for the “Scenario” 

aspect the ECVs are given the same classification for all European cities. 

 

The following sections outline the methods to quantify the quality of each of the three aspects. 

 

2.1 Estimation of the quality of the downscaling model performance 

 

The basis for determining the quality of the models’ urban downscaling performance is found in the 

three validation reports for the historical data set (D441.5.1-3): 

• Climate ECVs:  D441.5.1, Table 4, page 12 

• Air quality ECVs: D441.5.2, Table 3, page 11 

• Hydrological ECVs: D441.5.3, Table 5, page 33 

 

The quality measure is the percentage error calculated from the 5-year averages and standard 

deviations of the observed and simulated ECVs, as given in the Tables referenced above. The rules 

have as a base the simple requirement of a percentage error less or equal to 10% for meteorological 

and hydrological variables, a commonly used limit for acceptable quality in this context (see e.g. 

page 3 in Andersson et al., 2015; Table 3 in da Silva et al, 2015) and it is also easy for the user to 

conceptualize the size of the model error. An exception is for temperature, where an absolute 

difference is used instead of the relative error. Negative values indicate model underestimation in 

comparison to observations. Generally, the rules in Table 2.1 have been used to classify the quality.  

 

In the tables further below, the criteria for the classification are specified for each ECV. The highest 

requirements are put on temperature, which must be accurately simulated in this context (and 

which can also be accurately measured). The requirements on other meteorological ECVS as well as 

discharge are slightly relaxed when it comes to simulated standard deviation. The lowest 

requirements are put on the air quality ECVs, as these are generally more challenging both to 

measure and to simulate, considering their strong dependence on local emission data. 
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Table 2.1 – General rules applied for assessing the ECV quality. AE and RE denote absolute and relative error, 

respectively, and subscripts denote mean (m) and standard deviation (s).  

 Quality 1 Quality 2 Quality 3 
Mean Std Mean Std Mean Std 

Temperature AEm<1°C 
 

REs<10% 1°C<AEm<2°C 
 

REs<20% AEm>2°C 
 

REs>20% 

Meteorological ECVs, 
discharge 

REm<10% 
 

REs<20% 10%<REm<20% 
 

REs<30% REm>20% 
 

REs>30% 

Air Quality ECVs REm<20% 
 

REs<30%1) 20%<REm<50% REs<60%1) REm>50% - 

 
1)

 Not applied to PM2.5 for which only annual mean values are considered for health effects 

 

In Stockholm (Table 2.2), the meteorological ECVs have quality 1 except global radiation, which gets 

2 because of an overestimated mean value in one station, and precipitation, which gets 3. The latter 

classification is also justified by the underestimation of precipitation in large parts of the Stockholm 

domain, reported in D441.5.3. The air quality ECVs gets 2, except PM2.5 which is very accurate in 

terms of long-term mean values. Discharge is severely underestimated, because of the too low 

precipitation, and gets 3. 

 

In Bologna (Table 2.3), no ECV gets quality 3 although strictly speaking O3 and discharge has quality 

3 on one station. In both cases, we use the results from the most relevant station for the final 

classification of the Bologna domain. 
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Table 2.2 – Quality classification of downscaling model performance in Stockholm 

ECV station  percentage error  quality  Criteria  
mean std 

temperature Torkel K -0.061) 2% 1 
 

Absolute difference <1°C and std percentage 
error <10%. Högdalen -0.011) 3% 

precipitation Torkel K (40%) (40%) 3 Percentage error for mean >20%. Note that 
observations at Torkel are not trustworthy. Högdalen -33% -17% 

rel. humidity Torkel K -5% -13% 1 
 

Percentage error for mean <10% and for std 
<20%. Högdalen 1% -13% 

glob. radiation Torkel K 8% 3% 2 Percentage error for mean <20%. 
Högdalen 14% 7% 

wind speed Torkel K -9% -14% 1 Percentage error for mean <10% and for std 
<20%. Högdalen 4% -1% 

O3 Torkel K 42% -22% 2 Percentage error <50%. 
N Malma 19% -13% 

NO2 Torkel K -41% -37% 2 Percentage error <50%. Std at N Malma 
>50%, but rural station with low mean values N Malma -11% -79% 

PM2.5 Torkel K 2% -42% 1 Percentage error <20%. Std error is large, but 
indicators for PM2.5 are all based on the mean. N Malma 0% -46% 

PM10 Torkel K -40% -56% 2 Percentage error <50% for mean, <60% for std  
N Malma -48% -47% 

river 
discharge 

Saxbro -81% -69% 3 Percentage error for mean >20%. 
Skällnora -67% -51% 

1)
 For temperature absolute differences given instead of percentage error. 

 

 

Table 2.3 – Quality classification of downscaling model performance in Bologna 

ECV station  percentage error  quality  Criteria  
mean std 

temperature Bol. Urbana -0.501) 3% 1 
 

Absolute difference <1°C and std percentage 
error <10%. San Pietro C -0.581) 2% 

precipitation Bol. Urbana 11% 16% 2 Percentage error for mean <20%. 
San Pietro C 17% 30% 

rel. humidity Bol. Urbana -1% -19% 1 
 

Percentage error for mean <10% and for std 
<20%. San Pietro C 9% -8% 

glob. 
radiation 

Bol. Urbana 14% 8% 2 Percentage error for mean <20%. 
San Pietro C 5% -1% 

wind speed Bol. Urbana 18% 7% 2 Percentage error for mean <20%. 
San Pietro C 6% -9% 

O3 G. Margherita 34% -22% 2 Percentage error >50% in one rural site, but 
max values are better and those more 
important for indicators (see D441.5.2). 

San Pietro C 74% -13% 

NO2 G. Margherita -20% -37% 2 Percentage error for mean <20%. 
San Pietro C 1% -79% 

PM2.5 G. Margherita -2% - 1 Percentage error <20%. Indicators for PM2.5 
are all based on the mean. San Pietro C - - 

PM10 G. Margherita -10% - 1 Percentage error <20%, daily max (base for 
indicator) is also well reproduced (not shown). San Pietro C - - 

river 
discharge 

Casalecchio -3% -21% 22) Percentage error for mean <20% and for std 
<30%. 

Pracchia -89% -79% 32) Percentage error for mean >20%. 
1)

 For temperature absolute differences given instead of percentage error. 
2) As Casalecchio represents most of the basin and Pracchia only a small upstream part, the overall 
classification of discharge in Bologna is 2. 
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In Rotterdam (Table 2.4), all ECVs have quality 1 or 2, except precipitation which is severely 

underestimated (see also D441.5.3). River discharge in Amsterdam/Rotterdam was not evaluated in 

D441.5.3.   

 

Table 2.4 – Quality classification of downscaling model performance in Amsterdam/Rotterdam 

ECV station  percentage error  quality  Criteria  
mean std 

temperature Rott. airport 0.431) 8% 1 
 

Absolute difference <1°C and std percentage 
error <10%.  - - 

precipitation Rott. airport -48% -10% 3 Percentage error for mean >20%. 
 - - 

rel. humidity Rott. airport -8% 16% 1 
 

Percentage error for mean <10% and for std 
<20%.  9% -8% 

glob. 
radiation 

Rott. airport 18% 12% 2 Percentage error for mean <20%. 
 - - 

wind speed Rott. airport -1% -30% 2 Percentage error for mean <10%, but hourly 
max strongly underestimated.  6% -9% 

O3 Shiedam 35% 3% 2 Percentage error <50%. 
Zwartewaalst. - - 

NO2 Shiedam -20% -14% 1 Percentage error for mean <20%. 
Zwartewaalst. 17% 2% 

PM2.5 Shiedam -26% -47% 2 Percentage error <50%. Indicators for PM2.5 
are all based on the mean. Zwartewaalst. -17% -47% 

PM10 Shiedam -39% -48% 2 Percentage error <50%. Daily max (base for 
indicator) is not very well reproduced. Zwartewaalst. -27% -41% 

1)
 For temperature absolute differences given instead of percentage error. 

 

2.2 Estimation of the quality of the determination of the impact indicators 

 

A number of the impact indicators are elaborated through statistical processing of the ECVs, and 

they will not introduce more uncertainties than already revealed by the comparison between 

simulated and observed ECV means and standard deviations (Section 2.1). Those indicators that are 

determined with a specific, absolute threshold will be critically depending on any bias in the Urban 

SIS output, however the information given on the quality of the “Model” aspect should be sufficient 

for the end-user to judge upon the quality also of a threshold-based impact indicator. 

 

All future ECVs and impact indicators produced so far in Urban SIS are based on the assumption of 

no changes made in land-use and city design. This is a strong limitation for a future some 30 years 

away, but it is a more general limitation of the current Urban SIS output and will be high-lighted in 

other ways than by the quality indicators. 

 

Concerning indicators on intense rainfall (Depth-Duration-Frequency (DDF) curves and Areal 

Reduction Factors, ARFs), these are based on extreme value analysis which is inherently highly 

uncertain. This is not least as the Urban SIS data extend over only five years, even if procedures for 

overcoming this limitation have been attempted (D441.5.3). This would in some sense generally 

justify classifiying these indicators as highly uncertain, i.e. quality 3, but here we choose to disregard 

this general uncertainty and focus on the validation performance. As the historical validation turned 

out overall favourably (D441.5.3), we classify the historical DDF curves and ARFs as quality 1 (green). 
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This should be viewed in the context of extreme value analyses and other similar assessments 

elsewhere, and it should not be compared with the uncertainty of other Urban SIS indicators. For 

present and future climate, the quality of DDF curves and ARFs is classified as 2 (yellow), see further 

section 2.3.2 below.     

 

The health impact indicators include population data and death rate statistics valid for present 

conditions. The determination of health impact indicators for the future scenario has been based on 

the same population and death rate statistics as today, which obviously must be considered as only 

a simplifying assumption. The population will be changed in number – most likely an increase – and 

the spatial distribution will also change. Moreover, the health impacts may change due to the 

population adapting to more slowly changing temperature and/or air quality levels. All health 

impact indicators based on the future climate scenario will thus be classified as quality 2 (yellow), 

and this specific information of a constant population and health statistic assumption will be added 

to the “caution” message given to the end-user. 

 

To summarize, the quality of the impact indicators will be classified in a very simple manner, see 

Table 2.5, complementing the “Model” and “Scenario” aspects with the extra uncertainty if adding 

external data to the ECV statistics. The quality given is the same for all cities. 

 

Table 2.5 – Quality classification criteria for impact indicators 

Impact indicator  good  medium  poor  
Pure statistics based on  ECVs (historical and climate scenario) 1   
DDF curves and ARFs for historical climate scenario 1   
DDF curves and ARFs for present and future climate scenario  2  
Health impact indicators for historical and present climate scenario 1   
Health impact indicators for future climate scenario  2  
 

2.3 Estimation of the quality of the climate scenario information 

 

We have in Urban SIS used results from one global climate model – EC-Earth – realization on a 

80x80 km
2
 grid, performed with a high emission scenario RCP8.5 and with prescribed sea surface 

temperatures taken from the French GCM model IPSL. A regional downscaling on 20x20 km
2
 over 

Europe was performed with the the ALARO model within the HARMONIE script system, in the 

following named HCLIM-ALARO (more details in the report D441.3.4). Urban SIS applied those latter 

data as boundary conditions for the three downscalings over Stockholm, Bologna and Amsterdam-

Rotterdam, using the climate version of the numerical weather prediction (NWP) system 

HARMONIE-AROME, from here on named HCLIM-AROME. The level-wise criteria for estimating the 

quality of the urban downscaled climate scenario, giving urban climate climate under a high 

emission scenario, are suggested as: 

 

1. The representativeness of EC-Earth global fields against the CMIP5 ensemble mean of 

RCP8.5 over Europe. 

2. The representativeness of the regional model HCLIM-ALARO output over Europe, in 

comparison with other European regional model output.  
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3. The representativeness of the urban model HCLIM-AROME output (five selected years in two 

windows) of the cities, in comparison with HCLIM-ALARO output for the period 1980-2010 

(present) and 2030-2065 (future). 

 

The first two steps are reflecting the quality of model work performed outside Urban SIS and 

require a discussion with references to quantitative and qualitative aspects found in earlier projects 

and published results. The third quality level results from the Urban SIS methodology and can be 

treated in a more quantitative way, comparing and discussing selected output of the ECVs. The first 

two aspects are treated in Section 2.3.1, while the third is discussed separately in 2.3.2. 

 

2.3.1 Quality aspects of climate scenario forcing from global and regional climate model 

 

Concerning the first criterion, the EC-Earth projection used here has been evaluated and compared 

with observations (meteorological analysis) as well as some other RCP8.5-projections within the 

HELIX project (https://www.helixclimate.eu/). Comparison with ERA-INTERIM in the reference 

period (1981-2010) shows that precipitation is overall well described in the EC-Earth projection, 

with (Figure 2.1a). Although difficult to see in figure 2.1a, there is a slight dry bias in the EC-Earth 

projection when considering the whole domain. The EC-Earth projection has however a distinct cold 

bias, being ~2.5°C colder than ERA-INTERIM on average over Europe.  In terms of future change, the 

EC-Earth has a more rapid future increase than seven other CGMs in the HELIX ensemble. With an 

increase of the global mean with ~2.2°C between the reference period and the future period used 

here (Lindstedt, 2017), the EC-Earth projection must be considered a “high-end scenario” also 

within the RCP8.5 ensemble. 

 

Secondly, we evaluate to which degree the climate signal in HCLIM-ALARO simulation represents 

other regional projections for Europe. For this purpose we use the maps of future changes in the 

CORDEX RCP8.5 ensemble published by EEA (2017). In Table 2.6, these changes are compared with 

the corresponding changes (domain averages) in the HCLIM-ALARO simulation. 

 

Concerning mean temperature, the future warming in HCLIM-ALARO must be considered high or 

very high compared with the CORDEX ensemble, in line with the indication from Figure 2.1. The 

lowest warming is consistently expected for Rotterdam, but whereas the CORDEX ensemble 

predicts a higher increase in Bologna than in Stockholm, HCLIM-AROME has the opposite tendency 

(although the values are close).  

 

Concerning mean precipitation, in Stockholm and Rotterdam the 20-25% increase (until 2050) in 

HCLIM-ALARO is very high compared with the 10-20% (until 2100) in the CORDEX ensemble. In 

Bologna, the near-zero change is well in line with CORDEX. Concerning heavy precipitation, the 

increase in HCLIM-ALARO is high or very high in all locations. It must be noted that the EEA 

definition of "heavy precipitation" may not agree with the one used for HCLIM-ALARO (annual 

maximum 3-h precipitation), and thus this comparison must be considered indicative only. It may be 

speculated that the overall high future precipitation increase in HCLIM-ALARO is at least partly a 

consequence of the strong warming in the driving EC-Earth projection (Figure 2.1), although also 
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other meteorological conditions (e.g. moisture availability) must be fulfilled to generate (extreme) 

precipitation.  

a b 

 

 

 

 
Figure 2.1 – Comparison of annual mean precipitation (a) and temperature (b) during 1981-2010 in ERA-

INTERIM (top row) and the EC-Earth projection used in Urban SIS (bottom row).  

 

Table 2.6 – Comparison of precipitation climate signals in the CORDEX RCP8.5 ensemble and the HCLIM-

ALARO simulation, respectively.  

  CORDEX RCP8.5 
until 2100 

HCLIM-ALARO  
until 2050 

Comments on 
HCLIM-ALARO 

Mean temperature Stockholm +3.5°C – +4°C +3.2°C Very high 
Bologna +4°C – +4.5°C +3.0°C High 
Rotterdam +3°C – +3.5°C +2.4°C High 

Mean precipitation Stockholm +10% – +20% 25% Very high 
Bologna -5% – +5% -2% Similar 
Rotterdam +10% – +20% 18% High 

Heavy precipitation Stockholm +15% – +25% 44% Very high 
Bologna +5% – +15% 25% Very high 
Rotterdam +15% – +25% 17% High 

 

The comparisons made for the background forcing, based on the EC-Earth RCP8.5 output, later 

downscaled of Europe with the HCLIM-ALARO model, show that there are considerable 

uncertainties in the temperature and precipitation trends, already before assessing the quality of 

the urban downscaling. The following quality classifications are suggested for this part: 
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• Temperature present climate:  Quality 2 (yellow) due to strong cold bias. 

• Temperature future climate: Quality 2 (yellow), since the cold bias for present conditions will 

be reflected here as well. The temperature signal likely in the higher end, but that is also 

what the selection of a RCP8.5 scenario stands for and does not motivate to lower the 

quality to 3. 

• Precipitation present climate: Only a minor bias comparing observations in Europe, which 

motivates quality 1 (green). 

• Precipitation future conditions: High or very high increases in mean precipitation except for 

Bologna together with high or very high increases in intense rainfall, as compared to 

ensemble predictions, motivating quality 2 (yellow). 

• The quality of all other ECVs are considered to be estimated from the urban downscaling 

output, see next section 2.3.2. 

 

2.3.2 Quality aspects of the urban downscaled ECVs for present and future conditions 

 

In order to give numbers to the third level, a comparison has been made between mean values of 

some key ECVs taken from the Urban SIS output - using the HCLIM-AROME model - and from the 

regional HCLIM-ALARO model (in the tables below referred to as “regional”). Although the urban 

downscaling is likely to introduce some effects on ECVs due to surface characteristics in a particular 

city, there should be a consistency in absolute levels and trends between present and future time 

windows. In particular it is important to identify differences created by the much shorter time 

windows for the urban scale, 5 years in comparison to the 30 or 35 years of the regional model 

output. Below each table there is a comment on the consistency between the regional output and 

the urban downscaled output, as a basis for the three-level quality classification. 

 

Table 2.7 – Comparison of average temperatures between regional climate model output - based on 30 years 

for present climate and 35 years for future climate - and Urban SIS output based on 5 selected years for each 

window. 

Temperature  
(°C) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 3.5 4.8 6.8 8.0 3.2 3.2 
Sthlm Hog 3.6 4.7 6.7 8.1 3.1 3.4 
Bol Urbana 10.6 12.8 13.5 15.6 2.8 2.8 
Bol SPC  11.5 11.8 14.6 14.7 3.1 3.0 
Rott. airport 7.7 9.2 10.1 11.1 2.4 1.9 
Comment: The urban downscaling outputs slightly higher temperatures due 
to the built up of an urban heat island (spatial gradients), an expected and 
realistic effect. The climate signal (“delta”) of Urban SIS high-resolution data 
is similar as in the regional data, which is as it should be since no changes 
have been made in land-use. The table thus indicates that the Urban SIS 
climate scenario temperature data is responding correctly to the boundary 
forcing and the effects given by the city land-use.  
Quality for this level: 1. 
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Table 2.8 – Comparison of average annual precipitation between regional climate model output - based on 

30 years for present climate and 35 years for future climate - and Urban SIS output based on 5 selected years 

for each window. 

Precipitation  
(mm/year) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 500.4 192.7 632.9 217.6 132.5 (26%) 24.9 (13%) 
Sthlm Hog 518.6 194.3 655.2 208.1 136.6 (26%) 13.8 (7.1%) 
Sthlm domain 496.1 162.3 621.8 217.5 125.7 (25%) 55.2 (34%) 
Bol Urbana 632.5 392.5 636.1 400.7 3.6 (0.6%) 8.2 (2.1%) 
Bol SPC  472.9 286.1 478.8 304.7 5.9 (1.2%) 18.6 (6.5%) 
Bol domain 633.9 363.0 624.2 364.0 -9.7 (-1.5%) 1.0 (0.3%) 
Rott. airport 745.3 260.6 877.9 303.6 132.6 (18%) 43.0 (17%) 
Rott. domain 732.0 242.6 862.7 323.5 130.7 (18%) 80.9 (33%) 
Comment: The regional model shows an increase of precipitation in the northern part of 
Europe, while future precipitation is very similar to present times in the Bologna area. The 
urban downscaling indicates very much lower precipitation (see “Model” aspect). Thus it is 
not to recommended to use the urban downscaled climate scenario for estimating future 
long-term precipitation volumes. 
Quality for this level: 3. 
 

Table 2.9 – Comparison of intense rainfall (mean annual 3-h maximum) between regional climate model 

output - based on 30 years for present climate and 35 years for future climate - and Urban SIS output based 

on 5 selected years for each window. 

Precipitation  
(mm/3 h) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 12.1 22.0 18.8 23.6 6.7 (55%) 1.6 (7.3%) 
Sthlm Hog 12.6 21.1 21.3 24.5 8.7 (69%) 3.4 (16%) 
Bol Urbana 18.9 27.0 23.7 34.1 4.8 (25%) 7.1 (26%) 
Bol SPC  16.2 21.2 21.3 31.9 5.1 (31%) 10.7 (51%) 
Rott. airport 21.4 21.2 22.7 29.3 1.3 (6.3%) 8.2 (39%) 
Comment: Concerning the absolute levels, only because of the different spatial 
resolutions (20×20 km² and 1×1 km²) some 20% higher  3-h extremes are expected in 
the urban Urban SIS data (e.g. NERC, 1975). On average over all stations Urban SISE 
is however ~40% higher than the regional model. The realism of this difference is 
difficult to judge because of limited knowledge/data about spatial extremes; it cannot be 
excluded that the regional model values are underestimated and that the Urban SIS 
values are more realistic. Concerning the future changes, they vary widely between 
models and stations but the model average increase is relatively similar (37% in the 
regional model; 27% in Urban SIS). It must be emphasized that extreme short-duration 
precipitation is highly variable by nature and there is a large statistical noise.      
Quality for this level: 2. 
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Table 2.10 – Comparison of average relative humidity between regional climate model output - based on 30 

years for present climate and 35 years for future climate - and Urban SIS output based on 5 selected years for 

each window. 

Rel hum  
(%) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 75.0% 66.4% 77.0% 69.1% 2.0% 2.7% 
Sthlm Hog 74.8% 67.5% 77.1% 70.3% 2.4% 2.8% 
Bol Urbana 69.2% 56.4% 67.5% 55.5% -1.7% -0.9% 
Bol SPC  68.5% 65.4% 68.5% 64.5% -1.4% -0.9% 
Rott. airport 78.7% 65.0% 80.4% 67.1% 1.6% 2.1% 
Comment: In general the urban downscaled information shows lower relative 
humidity, as compared to the regional model. However, the deltas are very 
similar in size and direction between the regional and the urban downscaled 
data, which is reasonable since urban land-use is the same for present and 
future climate. 
Quality for this level: 1. 
 

Table 2.11 – Comparison of average global radiation between regional climate model output - based on 30 

years for present climate and 35 years for future climate - and Urban SIS output based on 5 selected years for 

each window. 

Global rad  
(W/m2) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 122.6 126.5 118.4 132.5 -4.1 6.0 
Sthlm Hog 121.0 126.9 117.1 132.8 -4.0 5.8 
Bol Urbana 172.3 187.9 173.5 189.4 1.2 1.5 
Bol SPC  168.2 186.2 168.6 187.1 0.4 0.8 
Rott. airport 133.7 156.7 129.9 148.5 -3.8 -8.1 
Comment: Knowing the sub-estimation of wintertime precipitation of the 
urban downscaling model, it is logic that global radiation comes out higher 
after downscaling. Both the regional and the urban climate deltas are small, 
which could possibly allow the use of certain aspects of the Urban SIS output, 
e.g. spatial gradients, seasonal and daily variations.  
Quality for this level: 2. 
 

Table 2.12 – Comparison of average wind speed between regional climate model output - based on 30 years 

for present climate and 35 years for future climate - and Urban SIS output based on 5 selected years for each 

window. 

Wind speed  
(m/s) 

present climate  future climate  delta  
regional Urban S regional Urban S regional Urban S 

Sthlm TK 1.42 3.79 1.52 3.79 0.11 0.00 
Sthlm Hog 1.25 3.71 1.34 3.71 0.09 -0.01 
Bol Urbana 0.55 3.18 0.63 3.27 0.08 0.09 
Bol SPC  1.03 2.67 1.01 2.73 -0.02 0.05 
Rott. airport 2.09 3.86 2.34 3.95 0.25 0.09 
Comment: The 10 meter mean wind speed, as simulated with the urban 
model, is more realistic and compares well with the historical observations. 
The signal (delta) from the regional model indicates small differences in the 
future, if any there seems to be a very small increase. The urban model 
outputs the same very small increase, if any, for the future. 
Quality for this level: 1 
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The comparisons indicate that the urban downscaling handles the signals from the regional model 

in an expected and realistic way for temperature (Table 2.7), relative humidity (Table 2.10) and wind 

speed (Table 2.12). A larger uncertainty is found for intense rainfall (Table 2.9) and global radiation 

(Table 2.11), for which the quality level 2 (yellow, i.e. “Caution!”) has been given. For annual 

precipitation volumes (Table 2.8) there is a large and unrealistic underestimation in the urban 

downscaled data, yielding quality level 3 (red, i.e. “Warning!”). 

 

For air quality ECVs the future scenario involves changes not only in climate conditions, but also in 

emissions, first on the European level and secondly in each of the three cities. The future air quality 

scenarios will all be classified as quality 2 (yellow). For the present climate scenario we use the 

same emissions as for the historical data set, evaluated with the quality “Model” aspect, thus the 

“Scenario” aspect will be given good quality (green). 

 

The hydrological ECVs, for both present and future conditions, will all be depending on the quality 

of the long-term precipitation, thus classified with high uncertainty 3 (red). 

 

2.3.3 Summarized quality of the “Scenario” aspect for Urban SIS ECVs and impact indicators 

 

Table 2.13 summarizes the quality to the Urban SIS ECVs and impact indicators, given the same 

classification for all three cities. Note that the uncertainties of the global and regional models are 

considered for temperature and precipitation, while the quality of other ECVs is estimated only 

from the Urban SIS output, after the urban downscaling (section 2.3.2).  

 

Table 2.13 – Summary of the uncertainty classification the climate scenario used in Urban SIS, for individual 

ECVs and the indicators produced based on them.  

ECV 
 

Present  
climate scenario 

Future  
climate scenario 

temperature 2 2 
mean precipitation 3 3 
heavy precipitation 2 2 
relative humidity 1 1 
global radiation 2 2 
wind speed 1 1 
O3 1 2 
NO2 1 2 
PM2.5 1 2 
PM10 1 2 
river discharge 3 3 
 

It is pertinent to once again stress the large uncertainties resulting from the Urban SIS way of 

projecting the future climate based on one single global climate model realization. End users should 

be aware that the trends for the future climate as indicated by Urban SIS output, can look 

completely different if other global model realizations are used as forcing. This is especially true for 

mean precipitation, which has been flagged as red (lowest quality). 
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3. Communicating uncertainties in Urban SIS data 
 

SMHI has discussed with ECMWF the concept of scaling the three quality aspects “Model”, 

“Indicator” and “Scenario” on a three-level scale, using the colors green-yellow-red. ECMWF has 

stressed that the quality is hierarchical, i.e. a poor model downscaling can not be compensated with 

a good scenario. Still we think it is good for the end-user to build her/his confidence on the results 

by considering and understanding the three aspects separately, since this will reveal more of the 

nature of the uncertainties and which parts of the information that can be trustworthy. For that 

reason we suggest that each data, ECV or indicator, will be accompanied by one sole button marked 

in one, two or three colors. If the button is all green, no specific caution is needed. However, if any 

orange or red appear, the end-user should clic on the button to read a short message concerning 

the quality classification of the three aspects.  

 

 

 

Fig. 3.1    

 

Illustration of the quality 

button displayed for a 

particular ECV or indicator. For 

this impact indicator (a 

hypotetic results) all three 

aspects are relevant and the 

quality message is: 

  Model: low (warning!) 

  Indicator: good (go ahead!) 

  Scenario: medium (caution!) 

 

 

The text message found after activating the button will summarize the quality and possible 

problems or limitations for each of the three aspects. The texts will be based on the classifications 

made in Section 2.1-2.3 above. The short texts will also include a link to more detailed information, 

e.g. found in different reports delivered in Urban SIS. Here follows an example of the type of text 

that will appear below the quality button for Heat induced mortality in Bologna (for a future climate 

scenario, the button will look like this:   ): 

 

 

model    indicator  scenario  
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model: Downscaled temperatures have shown a close similarity to observations, with absolute 

differences of mean temperatures < 1°C and with very similar stds. Quality classified as 1. 

For further details:  D441.5.1 Validation of climate variables. 
 

indicator: The indicator uses an European population data set (Gallego, 2010), age distribution from 

http://statistica.comune.bologna.it/quartieri/struttura-et%C3%A0 and death rates from Eurostat 2013, used 

without update also for the future scenario.  Quality classified as 2 to stress that information on the 

population exposure should be used with caution. 

For further details:  http://urbansis.climate.copernicus.eu/annual-heat-related-deaths/  

 

scenario: The Urban SIS downscaled mean temperatures over the 5-year windows show the same 

temperature increase of about 3 °C between the present and the future as the regional climate 

model’s, based on 1980-2010 and 2030-2065 years. This is consistent with projected EURO-CORDEX 

temperature increases between 1971-2000 and 2071-2100, ranging 4.0-5.0 °C in Northern Italy 

(https://www.eea.europa.eu/data-and-maps/figures/projected-changes-in-annual-summer-1). 

For further details:    D441.5.4-2 Uncertainties and scalability in Urban SIS data. 

 

Similar texts will be produced for all ECVs and impact indicators. 

4. Scalability of Urban SIS data 
 

During the contract discussion preceding the Urban SIS POC project, the demonstration over the 

Amsterdam-Rotterdam area was added in order to show that also larger metropolitan regions could 

be offered an urban climate service. In fact, the domain size of Urban SIS data chosen during the 

projects first year of operation, 110×110 km
2
, is sufficiently large to include whatever large 

metropolitan area in Europe. As for the accessibility of input data, there should not be any problem 

connected to how large the city is. In fact the input data likely being the most difficult to access, 1×1 

km
2
 air pollution emission grids, is normally more available for big cities and less so for mid-sized or 

smaller cities in Europe. Thus we foresee no problems to produce Urban SIS information for the 

largest European cities. 

 

The scalability question is also connected to the possibility of scaling up this POC implementation 

with three domains, to include all European cities. Such a operationalization of Urban SIS was 

discussed on a video meeting with ECWMF realized 19
th

 May, 2017. Here below is given some of the 

estimations concerning the effort required (the preliminary nature of the estimations should be 

stressed, as there are technical changes that must be taken in a future production, to obtain the 

expected quality of the information): 

 

• In line with the experiences and demands communicated by end-users, it is suggested that 

the service should be offered to cities according to a priority listing. The background is that 

some cities already count on similar information, produced by national or regional 

institutions, while other cities completely lack detailed climate, air quality and hydrological 

data on the urban scale. 
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• A single meteorological office like SMHI can possibly produce 3-6 urban downscaled data 

sets per year. In order to speed up the production, a consortium of 4-6 met offices with 

experience of the HARMONIE model system could then produce Urban SIS data sets for 

about 20-25 cities per year. 

 

• The amount of personal resources for producing the same type of ECVs and indicators which 

have been delivered in Urban SIS, after some training and practice in adapting the SMHI 

production routines, is estimated to about 6 PM per city. Note that there are some technical 

problems in the current downscaling methodology which give as a consequence erroneous 

precipitation levels. Different option to overcome those technical problems are discussed in 

the parallel deliverable D441.2.3 and the estimation of persons months can be strongly 

affected by which of these options is finally selected. Anyhow it is clear that dynamical 

downscaling to an urban scale will require considerable amounts of personal and 

computational resources. 

 

 

5. Summary 
 

A framework for classifying and communicating the quality/uncertainty of the Urban SIS data has 

been developed. The framework is based on assessment of three key aspects – model performance, 

indicator construction and scenario uncertainty – which are colour coded on three levels (green, 

yellow, red) and visualized on the web portal.  

 

The framework must be viewed as an initial attempt but we believe it has original and innovative 

features that may help improving the understanding and applicability of climate data among various 

users. Finally, limitations and possibilities related to upscaling the Urban SIS concept to other cities 

are discussed.  
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