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Introduction 
 

The goal of UrbanSIS is to develop and demonstrate a method to downscale climate and impact 

indicators to the urban scale, delivering the information with a space/time resolution and format 

that makes it useful for consultants, urban planners, engineers and scientists dealing with intense 

rainfall, heat waves, and air pollution hazards. Within the project, WP3 targets the downscaling of 

climate, air quality and hydrology parameters over three selected urban landscapes: Stockholm, 

Bologna, and Amsterdam/Rotterdam. Simulations were carried out for selected time periods 

representing historical conditions taken as reference for validation purposes (see reports D441.5.1 

to D441.5.3 for more details) and climate scenarios. 

 

The current deliverable (D441.3.4) addresses specifically the urban climate downscaling over two 5-

year time periods representing present and future climate. Together with the downscaling of air 

quality (D441.3.5) and hydrology (D441.3.6) it completes the delivery of 1 km resolution sectoral 

ECVs and impact indicators, in addition to the set of results delivered for the historical conditions 

(previously reported in deliverables D441.3.1 to D441.3.3). 

 

The downscaling modelling chain consists of three numerical models as depicted in Figure 1: the 

climate model HCLIM-AROME, the air quality model MATCH and the hydrological model HYPE. For 

the climate scenarios, the meteorological boundary and initial conditions are provided by the Global 

Climate Model (GCM) EC-Earth. Similarly to the historical runs, detailed urban physiography 

description in HCLIM-AROME aggregates data from ECOCLIMAP-II, Copernicus land services and 

national databases. Essential Climate Variables (ECVs) and Sectoral Impact Indicators driven by the 

outputs of the models are available on-line in the UrbanSIS portal 

(http://urbansis.climate.copernicus.eu/). 

 

 

 
Figure 1 – General flowchart representing the dynamical downscaling approach applied in UrbanSIS for the 

simulation of the selected climate scenarios. More detailed information about each model will be given in 

the following sections and in the accompanying reports D441.3.5 and D441.3.6. 
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Sections 1 and 2 in this report summarize relevant information about the main characteristics of 

model HCLIM-AROME, specific assumptions, computational domain, and input/output data, while 

highlighting specific differences relating the application to the historical period. More details about 

the models and the numerical techniques applied can be found in the literature listed at the end of 

the document. It also describes the process of selecting the representative years in present and 

future climate. Climate-related ECVs and indicators are listed in section 4, followed by an analysis of 

downscaled climate data, focusing on projected changes in air temperature and its spatial variation. 

A sensitivity analysis of the effect of domain size on precipitation levels is also described. Finally, the 

last section of the report intends to share some experiences from the climate downscaling within 

UrbanSIS that can be useful for the end-users exploiting the data or for those willing to replicate this 

method in other European cities, in agreement with the proof-of-concept nature of this project. 
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1. Climate model used for downscaling 
 

For the dynamical downscaling the climate version of the Numerical weather prediction (NWP) 

system HARMONIE-AROME cycle 38h1 is applied and is referenced as HCLIM-AROME (Lindstedt et 

al., 2015; Lind et al., 2016).  

 

As input, high-resolution physiography data is compiled, lateral and surface boundary data is 

provided by the GLOBAQUA project (http://www.globaqua-project.eu), where EC-Earth was used as 

the global GCM and for the intermediate step towards the one kilometre horizontal resolution the 

same regional climate system was utilized. 

 

Most of the HCLIM-AROME system used in UrbanSIS is identical to the NWP (HARMONIE-AROME) 

set-up and differences are mainly in the surface parametrizations. Moreover, for climate 

applications, data assimilation is not utilized at all, after the initialisation only lateral and surface 

boundaries are updated during time integration, as schematically shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Flowchart of the dynamical downscaling process. 

 

HCLIM-AROME is a spectral limited area model aimed for the convection permitting scales (O 

~1km), and has been developed to use the full non-hydrostatic equations, since the vertical velocity 

is large at the resolved scales due to convection and orographic forcing. Within HCLIM-AROME the 

model physical parameterizations are based on AROME (Seity et al., 2011). 

 

The main components of the physical parameterizations (radiation, surface, thermodynamic 

adjustment, cloud-cover, cloud-microphysics, turbulence and shallow convection) can be found in 

Seity et al. (2011).  

 

Input: Initial, lateral and surface 

boundary data from GLOBAQUA 

Input: High-resolution 

physiography 

Regional Climate Model 

Output: ECVs and climate state for air 

quality and hydrological models 

HCLIM-AROME 
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The surface sub-grid model is SURFEX version 7.3 (Surface Externalisée, Masson et al. (2013)), 

except for the description of ISBA which is part of version 8.0. One component of special interest for 

UrbanSIS is the Town Energy Balance model (TEB), specially designed to represent the exchanges 

between a town and the atmosphere (Masson, 2000). Furthermore, we employ the lake model 

model FLake (Le Moigne et al., 2016) for lakes and coastal waters. 
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2. Input to the climate downscaling 
 

2.1 Time period of simulation: selection of representative years 

 

5 representative years in the present climate scenario and 5 representative years in the future 

climate scenario were selected with the goal of combining cold/wet, cold/dry, warm/wet, 

warm/dry, and 'normal' seasons. The selected years are shown in Table 1. 

 

Table 1 – Years selected for the different regions. 

 Normal Cold/Wet Cold/Dry Warm/Wet Warm/Dry 

Stockholm      

  Present scenario 2009 1995 1994 2005 1985 

  Future scenario  2032 2053 2046 2035 2064 

Amsterdam      

  Present scenario 2005 2000 1996 2010 2007 

  Future scenario  2053 2038 2034 2035 2049 

Bologna      

  Present scenario 2005 1987 1996 2010 2006 

  Future scenario   2050 2037 2053 2063 2044 

 

 

The selection was based on HARMONIE regional climate model (HCLIM-ALARO) runs carried out in 

the GLOBAQUA project (http://www.globaqua-project.eu). Boundary conditions were provided by 

EC-Earth GCM. The spatial resolution of HCLIM-ALARO was ca. 20 km. The time period covered by 

the model simulations was 30 years in present climate (1980-2010) and 35 years in future climate 

conditions (2030-2065). Future emissions scenario considered was RCP8.5. A description of the 

methodology for the selection of five years that represent present and future climate scenarios can 

be found in annex. 

 

2.2 Computational domains 

 

Three urban areas were defined for Stockholm, Bologna, and Amsterdam/Rotterdam. The 

respective computational domains are displayed in Figure 3. Each domain consists of 240 x 240 

gridpoints with a grid spacing of 1 km, thus covering 57600 km
2
. The size of the domain was a 

compromise given the computational resources available to the data production. Vertically, 65 

levels are used. The position of the domain was chosen centrally around the urban areas, taking into 

account local topography and hydrology.  
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Figure 3 – Topography of the three urban areas in metres for the used computational domain. The red dot 

marks the respective city. 

 

2.3 Boundary forcing 

 

The lateral and surface boundary data utilized in the dynamical downscaling are provided by the 

GLOBAQUA project. There, the earth system model EC-Earth provided global data at 80 km (T255) 

horizontal resolution, which were used in a secondary step as forcing data for HCLIM-ALARO with a 

grid spacing of 20 km.  

 

The EC- Earth model is developed jointly by the EC-EARTH consortium that comprises a number of 

European Met Services and research institutes (http://www.ec-earth.org). The EC-Earth3 model 

v3.1 is an updated version of EC-Earth v2.3 that was used for CMIP5 (Hazeleger et al. 2012 and 

2013).  

 

The dynamical downscaling of the global fields was completed with the ALARO model within the 

HARMONIE script system which is coupled to the external SURFEX scheme and this set-up is called 

HCLIM-ALARO. The ALARO physics (Gerard 2007; Gerard et al. 2009; Piriou et al. 2007) applies the 

3MT (Modular Multi-scale Microphysics and Transport) (Piriou et al. 2007; Gerard et al. 2009) 

convection parameterization (CP) scheme. The present climate simulation covered the years 1980 

to 2010 and the future scenario the years 2030 to 2065. RCP 8.5 (Rihai et al. 2007) radiative forcing 

for the scenario was used and the output frequency was 3 hours for both simulations. 

 

2.4 Surface description 

 

Urban morphology, surface materials, vegetation characteristics, and human activity are key drivers 

of urban climate, generating strong intra-city gradients of temperature, wind, and air pollutants. In 

HCLIM-AROME, surface/atmosphere interactions are computed by SURFEX version 7.3 in 

combination with version 8.0 for the description of ISBA surface scheme (Masson 2000; Masson et 

al., 2013). 

 

Major physical processes occurring in urban areas are taken into account in SURFEX, namely, the 

trapping of longwave and shortwave radiation by the canyon, including the shadowing effect, the 
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anthropogenic sensible heat flux, the interception of rain and snow by roofs and roads, the 

conduction and storage of heat in buildings walls and roofs or the interaction of the built surfaces 

with the canyon air through the transfer. 

 

Similarly to the historical runs with HARMONIE-AROME, SURFEX describes the surface as tiles, which 

allows to account for sub-grid heterogeneity, as depicted in Figure 4. Four tiles are defined: ‘Town’ 

(composed of buildings, roads and other transportation infrastructure, and gardens); ‘Nature’ 

(which can be further divided into 12 patches encompassing bare soils, rocks, permanent snow, 

glaciers, natural vegetation and agricultural landscapes); ‘Lake’ (inland waters, including lakes and 

rivers); and ‘Sea’ (including both sea and ocean).  

 

 
Figure 4 – Scheme representing SURFEX tiling approach and coupling with an atmospheric model (from 

Masson et al., 2013). 

 

Depending on the type of surface, different modelling schemes are activated in SURFEX, namely the 

Town Energy Balance (TEB) model in urban areas, and the Interaction Soil-Biosphere-Atmosphere 

(ISBA) land surface model for soil and vegetation. An important consequence of this concept is that 

sub-grid meteorological parameters are provided by the model for each tile fraction within a grid 

cell, in addition to the weighted average. 

 

For the description of the surface physiography the refined database developed within UrbanSIS 

was used. As described in deliverable D441.3.1 different open-access databases and products were 

aggregated to produce the refined physiographic dataset, as shown in Table 2. This data is supplied 

to HCLIM-AROME as gridded data files (latitude, longitude, parameter value) with an average spatial 

resolution of approximately 300x300 m
2
. These are then interpolated by SURFEX to the final model 

grid (1x1 km
2
 resolution) and combined with the default ECOCLIMAP-II database (Faroux et al., 

2013) where needed. A quality analysis of the produced surface data can be found in deliverable 

D441.3.1, namely in what concerns its capacity to capture the interface land/water, as well as the 

intra-city gradients of building density and vegetation fraction. 
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Table 2 – Surface description data sources used in the construction of the refined physiography database for 

Stockholm, Bologna and Amsterdam/Rotterdam. No future changes in physiography were considered. 

Input data 

type 

Product Resol. 

(m) 

Source data type Webpage 

Default dataset used by HCLIM-AROME: 

European 

ecosystem 

classification 

and surface 

parameters 

ECOCLIMAP II 1000 Various sources: 

ECOCLIMAP-I, 

GLC2000, MODIS 

https://opensource.cnrm-game-meteo.fr/  

Additional dataset used in the refinement: 

Spatial 

coverage of 

land cover 

types 

Copernicus Land 

Monitoring 

Services: Urban 

Atlas 2012 

100 Satellite data 

(PROBAV v1.4) 

http://land.copernicus.eu/local/urban-

atlas  

Building 

polygons 

OpenStreetMap Nd Various sources https://www.openstreetmap.org  

Leaf area 

index (LAI) of 

vegetation 

Copernicus 

Global Land 

Service 

1000 Time-series of 

satellite data 

http://land.copernicus.eu/global/themes/

vegetation  

 

Due to the difficulty in knowing how the urban planning master plans will evolve in the future in the 

different cities the decision to maintain the physiography constant during the 3 time periods was 

taken. A sensitivity analysis of the model response to urban physiography changes is out of the 

scope and the timeline of Urban SIS. However, this task was undertaken by SMHI for the city of 

Stockholm, under the scope of the research project HazardSupport with funding from the Swedish 

Civil Contingencies Agency (results to be delivered during 2018). 
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3. Post-processing of model output 

3.1 Transformation of gridded time series to NetCDF 

 

The gridded time series data has been converted from GRIB to netCDF format using Python and the 

netcdf4-python library (Unidata, https://unidata.github.io/netcdf4-python/). For each timestep the 

horizontal grid is re-projected into a local geographical projection (different for each city) and then 

a smaller grid (110x110 cells) is cut-out and stored in a netCDF file (one for each parameter). 

 

Since some parameters in HCLIM-AROME are accumulated, in each timestep the grid for the 

preceding timestep is subtracted in order to obtain the non-accumulated values. Further, for some 

parameters the unit is converted and thus the gridded data is scaled by a given factor. 

 

The resulting time-series files in netCDF format have then been used as input for the calculation of 

ECVs and indicators. 

 

3.2 Statistical post-processing of climate ECVs 

 

The statistical post-processing of meteorological variables is made using the same methods and 

software as for the hydrology and air quality related ECVs. They have been calculated using the 

Climate Data Operators (CDO) software, version 1.8 (CDO 2017: Climate Data Operators.  

https://code.zmaw.de/projects/cdo/). For each meteorological parameter, the following statistical 

processing is performed: mean; yearly mean; yearly max; yearly min; monthly mean; monthly max; 

monthly min; annual monthly mean; annual monthly max; annual monthly min; mean of yearly min; 

and mean of yearly max. 

 

Note though that some combination of parameter and statistical operators are not shown in the 

final results, since they are not meaningful. One such combination is yearly minimum of 

precipitation. 

 

3.3 Calculation of climate indicators 

 

Most of the indicators have been calculated using the same software as for the ECVs, the Climate 

Data Operators (CDO) software, version 1.8 (CDO 2017: Climate Data Operators.  

https://code.zmaw.de/projects/cdo/). While CDO has a large number of functions related to climate 

implemented, some of these differ in definition from those used in UrbanSIS, while others are not 

available in CDO. In such cases, the indicator has been calculated directly using Python and the 

netcdf4-python library (Unidata, https://unidata.github.io/netcdf4-python/), together with the 

NumPy library (van der Walt et al., 2011). 
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4. Summary of delivered climate data 

4.1 Climate ECVs 

 

Table 3 lists the climate related ECVs defined in agreement with the requirements detailed in 

deliverable D4.2. 

 

Table 3 – List of climate related ECVs. The spatial resolution is 1x1 km
2
 over the entire modelling domain 

(110x110 km
2
) and the temporal resolution is 1 hour, except for precipitation that equals 15 min. 

ECV name Unit 

Air temperature  (at 2 m above ground) °C 

Air temperature in the ‘town’ tile °C 

Air temperature in the ‘nature’ tile °C 

Air temperature at layer 1 (aprox. 12 m above ground) °C 

Air temperature at layer 2 (aprox. 38 m above ground) °C 

Air temperature at layer 3 (aprox. 50 m above ground) °C 

Precipitation mm 

Snowfall mm 

Relative humidity % 

Wind speed (at 2 m above ground) m s
-1

 

Wind direction degrees 

Gustiness m s
-1

 

Boundary layer height m 

Global radiation w m
-2

 

Direct shortwave radiation w m
-2

 

Diffuse shortwave radiation w m
-2
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4.2 Climate impact indicators 

 

Table 4 lists the indicators that are climate specific. These are described in detail in report D4.3.  

 

Table 4 – List of climate related indicators. 

Sector Indicator Aggregation Unit Threshold 

Health Heat stress 

  

Hot days  Yearly °C day  degree days > 75
th

 

percentile 

Heat wave duration Yearly days 97.5
th

 and 81
th

  

percentiles 

Heat induced 

mortality 

Yearly deaths year
-1

 75
th

 percentile at 

position of an official 

weather station 

Heat induced 

mortality  per 

100,000 inhabitants 

Yearly deaths year
-1

 

100,000 

inhab
-1

 

 75
th

 percentile at 

position of an official 

weather station 

Discomfort Thom discomfort 

index 

Yearly   

Universal Thermal 

Climate Index (UTCI) 

Yearly   

Tropical Nights Yearly   

Energy Energy 

consumption 

Heating degree days Yearly °C day 17 

Cooling degree days Yearly °C day 20 

Solar energy Shortwave solar 

insolation 

Average monthly 

values for 

modelling period 

MJ m
-2

 

month
-1

 

 

Infra-

structure 

Green 

infrastructure 

Leaf-on date Yearly day of year  

Leaf-off date Yearly day of year  

Growing season 

length 

Yearly days  

Transport 

infrastructure 

Frost days Yearly days  

Ice days Yearly days  

Zero-crossings  Yearly days number of days on both 

sides of 0 °C 

Non-

sector 

specific 

  

  

  

Temperature 

  

  

  

Daily max air 

temperature 

Daily °C  

Daily min air 

temperature 

Daily °C  

Daily mean air 

temperature 

Daily °C  

Yearly maximum of 

daily temperature 

range 

Yearly °C  
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5. Analysis of downscaled climate data for the scenarios 
 

This section focuses on the analysis of air temperature for the present and future climate scenarios.  

The goal is to carry out an analysis of the following aspects: 

 

1. The temperature signal in the future scenario compared to present climate for selected 

locations in the 3 cities (section 5.1), 

2. The spatial gradients of air temperature, notably the urban heat island phenomenon, 

characterized by higher temperatures within the city than in the rural surroundings (section 

5.2.1), and the park cool island effect, which expresses the cooling effect promoted by urban 

parks (section 5.2.2). 

3. As in the validation of the historical data (report D441.5.1), the analysis of precipitation is 

part of the hydrology report (D441.3.6) now released. However, due to the dry bias reported 

in D441.3.6 we have carried out with HCLIM-AROME an additional set of sensitivity tests to 

understand the effect of domain size on precipitation spin-up. Results and conclusions are 

reported in section 5.3.  

 

5.1 Air temperature trend 

 

For the analysis of the air temperature trend in the scenarios we have extracted model data at the 

location of the meteorological stations earlier selected for the validation report (D441.5.1), as 

shown in Table 5. 

 

Table 5 – List of meteorological stations used in the analysis of air temperature data. 

City Station Lat (o) Lon (o) Classification Model height (m) 

Stockholm Torkel Knutsson 59.3160 18.0577 urban 12 

 Högdalen 59.2612 18.0618 outskirts (industrial) 2 

 Bromma airport 59.3512 17.9532 airport 2 

Bologna Bologna Urbana 44.5008 11.3288 urban 12 

 San Pietro de Capofiume 44.6538 11.6226 rural 2 

 Bromma airport 59.351241 17.953245 airport 2 

Rotterdam Rotterdam Airport 51.9620 4.4470 airport 2 

      

 

Figure 5 plots the annual average air temperature at the stations’ coordinates for the 5-year periods 

representing the historical time period (as computed by HARMONIE-AROME – see D441.3.1 and 

D441.5.1) and the present and future climate scenarios (simulated by HCLIM-AROME). When 

comparing Stockholm and Bologna there is an evident discrepancy in the variability of the annual 

average temperature values across locations. This is a clear indication of the model response to the 

nature of the surface. While in Stockholm the values are very similar across locations, on the 

contrary in Bologna there is a clear spatial gradient that is linked to the distinct representativeness 

of these sites: the urban center (Bol. Urbana), a large impervious open area (Bol. Airport) and a rural 

area (S.P. Capofiume). As a note, the higher temperature in Bol. Airport than in Bol. Urbana is a 
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result of the different model level heights (2 m and 12 m, respectively). The relationship between 

surface characteristics and computed air temperature mentioned above is independent from the 

time period (hist., pres. or fut.) considered, which reveals the consistency of model results despite 

the different model set-ups.  

 

Another relevant aspect is the notorious cold bias found in the present climate scenario when 

compared to the historical time window taken here as reference, which propagates to the future 

scenario. This issue will be later analysed in Figure 13 to Figure 16.  

 

 
Figure 5 – Annual average air temperature as given by HARMONIE-AROME for the historical period and for 

HCLIM for the present and future climate scenarios over different locations in Stockholm, Bologna and 

Amsterdam/Rotterdam. 

 

In order to have a better understanding of the diurnal cycle of temperature, Figure 6 to Figure 12 

show the average daily variation of air temperature under present and future climate at the 

different locations, for selected winter and summer months. For comparison, the time profiles for 

the historical period and corresponding observations are also plotted. In addition, the monthly 

average temperature changes from historical to present and from present to future are shown. 

 

First conclusion is that the diurnal evolution of air temperature as calculated by HCLIM-AROME for 

the scenarios follows a very similar pattern to the one previously produced by HARMONIE-AROME 

for the historical period. This consistency is a positive result given the differences in the way 

initialization is treated in both models and on the data used at the boundaries. 

 

Last aspect in the analysis pertains the temperature trend for the future, according to HCLIM-

AROME downscaling. In average for the 7 locations a temperature increase of 2.93 
o
C (std. dev. of 

0.50 
o
C) is modelled in the future from present climate values. This signal is further analyzed in 

deliverable D441.5.4.2 on “Uncertainties and scalability in Urban SIS data”.  
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With an average temperature difference (future – present) for these locations of 3.09
 o

C (std. dev. 

of 0.52 
o
C) in January and 3.66

 o
C (std. dev. of 0.69 

o
C) in July, there is not a significant seasonal 

effect on the increase of temperature in the future (if the analysis is made as an average for the set 

of locations selected, and not individually). 

 

 

 

January 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -1.4 °C 

   fut-pres = 2.5 °C 

 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -2.3 °C 

   fut-pres = 3.7 °C 

 

Figure 6 – Average daily variation of air temperature in Torkel K. (Stockholm) in January and July over each 5-

year period and temperature difference between present and historical (pres-hist) and between future and 

present (fut-pres) for the same months. 
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January 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -1.6 °C 

   fut-pres = 2.4 °C 

 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -2.0 °C 

   fut-pres = 3.9 °C 

 

Figure 7 – Average daily variation of air temperature in Högdalen (Stockholm) in January and July over each 

5-year period and temperature difference between present and historical (pres-hist) and between future and 

present (fut-pres) for the same months. 
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January 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -1.9 °C 

   fut-pres = 2.6 °C 

 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -2.4 °C 

   fut-pres = 4.2 °C 

 

Figure 8 – Average daily variation of air temperature in Bromma airport (Stockholm) in January and July over 

each 5-year period and temperature difference between present and historical (pres-hist) and between 

future and present (fut-pres) for the same months. 
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January 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -3.1 °C 

   fut-pres = 3.3 °C 

 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = 0.7 °C 

   fut-pres = 3.8 °C 

 

Figure 9 – Average daily variation of air temperature in Bologna Urbana (Bologna) in January and July over 

each 5-year period and temperature difference between present and historical (pres-hist) and between 

future and present (fut-pres) for the same months. 
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   Scenario future 
 
   pres-hist = -3.9 °C 

   fut-pres = 3.7 °C 
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   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = 0.5 °C 

   fut-pres = 4.1 °C 

 

 
Figure 10 – Average daily variation of air temperature in San Pietro Capofiume (Bologna) in January and July 

over each 5-year period and temperature difference between present and historical (pres-hist) and between 

future and present (fut-pres) for the same months. 
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   pres-hist = -3.6 °C 

   fut-pres = 3.6 °C 

 

 

 

July 
 
    
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = 0.0 °C 

   fut-pres = 3.9 °C 

 

Figure 11 – Average daily variation of air temperature in Bologna airport (Bologna) in January and July over 

each 5-year period and temperature difference between present and historical (pres-hist) and between 

future and present (fut-pres) for the same months. 
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January 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -4.0 °C 

   fut-pres = 3.5 °C 

 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   Scenario future 
 
   pres-hist = -0.6 °C 

   fut-pres = 2.0 °C 

 

Figure 12 – Average daily variation of air temperature in Rotterdam airport (Amsterdam/Rotterdam) in 

January and July over each 5-year period and temperature difference between present and historical (pres-

hist) and between future and present (fut-pres) for the same months. 

 

A feature in the air temperature data that became evident in the previous analysis is the notorious 

cold bias found in the present climate scenario against the historical period. Aiming to distinguish 

the contribution of the boundary conditions (HCLIM-ALARO from GLOBAQUA) from the one possibly 
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introduced with the downscaling we have plotted in Figure 13 and Figure 14 the average diurnal 

profiles coming from HCLIM-ALARO (at 20 km resolution) and HCLIM-AROME (at 1 km resolution). 

Although a direct comparison between historical conditions and present climate is not possible, the 

first can be taken as a reference in the assessment of the plausibility of the temperature levels 

found in present climate conditions. It becomes evident in these graphs that the cold bias identified 

in the finer scale outputs of HCLIM-AROME is a result of the cooler fields introduced at the 

boundaries by HCLIM-ALARO. In fact, there is a slight increase of temperature in the downscaling 

process over the urban area (Figure 13), which expectably is not present over the rural landscape 

(Figure 14), but insufficient to compensate for the cold bias already introduced at the boundaries by 

the larger scale model.   

 

 

 

January 
 
   Measured 
   Historical 
   Scenario present 
   GLOBAQUA present 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   GLOBAQUA present 

Figure 13 – Average daily variation of air temperature from HCLIM-ALARO (GLOBAQUA) and HCLIM-AROME 

(in green) for present climate over Stockholm (location corresponding to the Högdalen station). Observed 

and simulated values for the historical period are also shown as a reference. 
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January 
 
   Measured 
   Historical 
   Scenario present 
   GLOBAQUA present 

 

 

July 
 
   Measured 
   Historical 
   Scenario present 
   GLOBAQUA present 

Figure 14 – Average daily variation of air temperature from HCLIM-ALARO (GLOBAQUA) and HCLIM-AROME 

(in green) for present climate over Bologna (location corresponding to the San Pietro Capofiume station). 

Observed and simulated values for the historical period are also shown as a reference. 
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An additional aspect to consider is the seasonality of the cold bias found in the modelling results for 

the present scenario. Figure 15 plots (in blue) both the annual (columns) and the January/July (dots) 

average temperature differences (present – historical). The monthly biases in Stockholm are notably 

smaller than the annual value in all locations, which indicates that the selected months do not 

represent the extreme cases in what concerns the differences to the historical period. This is 

confirmed by the monthly biases plotted in Figure 16. In Högdalen, largest biases are found in 

December and April, with a tendency for lower values in the summer. This seasonal effect is even 

stronger in Bologna, where the summer biases are in fact positive, which indicates that the air 

temperature fields simulated by HCLIM-AROME for the selected period are warmer than the ones 

obtained by HARMONIE-AROME for the historical time frame. This fact supports the conclusion that 

the criteria applied in the selection of the different time windows plays a significant role on the 

overall climate conditions that each year represents, and how they relate to each other both in time 

and space.  

 

 

 
Figure 15 – Air temperature difference between present and historical (pres-hist) and between future and 

present (fut-pres) calculated as average for each 5-year period and as monthly (January and July) averages 

for different locations in Stockholm, Bologna and Amsterdam/Rotterdam. 
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Figure 16 – Monthly average air temperature difference between 5-year period in present climate and 5-year 

period in historical climate (pres-hist) for stations in Stockholm and Bologna. 

 

 

5.2 Spatial gradients of air temperature  

 

The dependence of air temperature on the surface physiography was assessed for the historical 

period earlier in the project (see D441.5.1). Both the comparison against meteorological 

observations and the visual analysis of 2D temperature fields revealed the capacity of HARMONIE-

AROME to respond to the surface characteristics, and namely the specificities of the urban to rural 

gradients and the intra-urban gradients. The same aspects will be subject of analysis in the following 

sub-sections.  

 

5.2.1 Urban heat island effect  

The next three figures depict examples of the spatial variation of T2m in Bologna for selected warm 

periods: August 2012 (historical - Figure 17), August 2016 (present - Figure 18) and July 2044 (future 

- Figure 19). As can be seen, the UHI effect, characterized by a warmer urban surface layer, is very 

well captured by HARMONIE-AROME in the historical runs and by HCLIM-AROME in the scenarios. 

This urban/rural temperature delta is visible in both the yearly (upper images) and monthly (lower 

images) 2D contour maps. The cooler air over the region south of Bologna city corresponds to the 

Apennine mountains, with the advection of warmer air along the valleys being clearly visible.  
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Figure 17 – Printscreen from the UrbanSIS portal of T2m (in K) as given by HARMONIE-AROME for 2012 

(historical period) in Bologna. The contour map in the upper image represents the yearly mean, while in the 

bottom is the August monthly mean. The time series in both images give the monthly mean evolution at two 

locations representing urban and rural areas.  
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Figure 18 – Printscreen from the UrbanSIS portal of T2m (in K) as given by HCLIM-AROME for 2006 (present 

climate scenario) in Bologna. The contour map in the upper image represents the yearly mean, while in the 

bottom is the August monthly mean. The time series in both images give the monthly mean evolution at two 

locations representing urban and rural areas.  
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Figure 19 – Printscreen from the UrbanSIS portal of T2m (in K) as given by HCLIM-AROME for 2044 (future 

climate scenario) in Bologna. The contour map in the upper image represents the yearly mean, while in the 

bottom is the July monthly mean. The time series in both images give the monthly mean evolution at two 

locations representing urban and rural areas.  

 

 

5.2.2 Park cool island effect  

 

The analysis of PCI is made by calculating the average daily variation of T2m over the NATURE and 

TOWN tiles in two urban parks. The results are shown as annual mean in Figure 20 and monthly 

mean in Figure 21 and Figure 22. 
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Stockholm - Observatoriet Bologna – Giardini Margherita 

  

  

  
Figure 20 – Daily variation of hourly mean T2m at Observatoriet (Stockholm) and Giardini Margherita 

(Bologna) for historical (top), present scenario (middle) and future scenario (bottom). 
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Stockholm - Observatoriet 

January July 

  

  

  
Figure 21 – Daily variation of hourly mean T2m in January (left) and July (right) at Observatoriet (Stockholm) 

for historical (top), present scenario (middle) and future scenario (bottom). 
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Bologna – Giardini Margherita 

January July 

  

  

  
Figure 22 – Daily variation of hourly mean T2m in January (left) and July (right) at Giardini Margherita 

(Bologna) for historical (top), present scenario (middle) and future scenario (bottom). 
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The statistical processing of T2m over the urbanized and vegetated fractions of selected grid cells 

presented in Figure 20 to Figure 22 shows similar patterns of the diurnal cycle when comparing 

historical period and scenarios. The faster cooling of the parks at sunset is noticeable in all the time 

windows, contributing to a stronger nighttime PCI intensity. In addition to the diurnal cycle, there is 

also a seasonality in the results, with a stronger PCI in the summer. However, there is an 

unexpected warming of the parks during the morning in the scenario runs, especially in 

Observatoriet. For the purpose of eliminating local effects we have extracted T2m for other grid 

cells with shared fractions of NATURE and TOWN tiles, but the same warm bias was found.  

 

Aiming at further analyzing the heat fluxes over vegetated areas against impervious surfaces we 

have processed time series of the Bowen ratio, defined as the ratio of sensible (QH) to latent (QE) 

heat fluxes at the surface, from HCLIM-AROME results over July 2005 (present scenario) at the 

coordinates of the Observatoriet park, in Stockholm. As a reference, values from July 2012 were 

extracted from HARMONIE-AROME simulations (historical conditions). The resulting Bowen ratio 

revealed strong discrepancies between time periods as a result of a distinct partitioning of the 

energy budget into QH and QE, as plotted in Figure 23 as a function of the underlying surface. It is 

shown that although the magnitude of the fluxes in the two summers is similar over the urbanized 

fraction of the grid cell, it is markedly different over the vegetation. In comparison to 2012, the 

monthly mean QH is 5 times higher in 2005, a tendency that is compensated by a 42% decrease of 

QE. The unexpected predominance of QH over QE in 2005 over the vegetation induces a weaker 

evapotranspiration, consequently a lower cooling, which explains the higher NATURE air 

temperature reported in Figure 21. A possible cause for this behavior, although still under 

investigation at SMHI, is the potentially low water content available in the soil for plant 

transpiration resulting from very low precipitation levels found in the present climate scenario (see 

section 5.3 and D441.3.6), possibly combined to how heat and mass transfers between the surface, 

the plants and the atmosphere are handled by the diffusion soil scheme used by SURFEX in HCLIM-

AROME (in opposition to the force-restore method implemented in HARMONIE-AROME – see 

Boone et al., 2012 for more details on the ISBA surface scheme).  
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Figure 23 – Partitioning of sensible (QH) and latent (QE) heat fluxes over nature (NAT) and urban (URB) tiles 

corresponding to Observatoriet in Stockholm, for July 2005 (05) and July 2012 (12). 

 

 

 

5.3 Precipitation 

 

As mentioned before, a detailed analysis of precipitation is made in the hydrology report (D441.3.6) 

due to its significance in the explanation of the results obtained with HYPE. Here an analysis of 

domain size on precipitation spin-up is made. Both in the historical runs with HARMONIE-AROME 

and in the scenario runs with HCLIM-AROME a relatively small domain was used in order to reduce 

the computational costs. The domain size created problems with the spin-up of precipitation in 

strongly forced weather situations, i.e. with strong winds advecting in through the lateral 

boundaries. Aiming to study the spatial spin-up for precipitation a set of sensitivity tests were 

carried out with HCLIM-AROME for January and February 1995 with a range of increasing domain 

sizes. The results are plotted in Figure 24 and Figure 25. The simulations were performed with 3 km 

grid spacing instead of the original 1 km to reduce computational cost, but some limited tests 

showed that the spatial spin-up did not depend on the grid spacing. Most of the precipitation in this 

case is large-scale non-convective, and therefore we expect the precipitation in the downscaling 

model to be consistent with the forcing model.  
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Figure 24 – Sensitivity tests showing the precipitation from HCLIM-AROME simulation for Jan-Feb 1995, with 

3 km grid spacing and 500x500 grid points. The black square indicates the domain with 144x144 grid points 

shown in Figure 3. 

 

Figure 25 clearly shows the underestimation of precipitation over the inflow part of the domain (i.e. 

extending from the western boundary). The spatial structure and amount of precipitation, analysed 

over the 144x144 domain, are not converging to the forcing model values for domain sizes smaller 

than 432x432 grid points (i.e. ~1300 x1300 km
2
). This means that the spatial spin-up, i.e. the part of 

the computational domain from its western boundary to the analyzed area, is at least 430 km. We 

conclude that for these cases and the related precipitation, a much larger domain should have been 

used. 
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Figure 25 – Results from the sensitivity tests showing the comparison of precipitation from the forcing model 

(HCLIM-ALARO), and HCLIM-AROME simulations with increasing number of grid points in both horizontal 

directions (indicated in each panel title). All results are shown over the 144x144 domain. The area-averaged 

precipitation (over the shown area) is given in the top left corner for each simulation. 
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6. Experiences from the climate downscaling of climate scenarios 
 

For the dynamical downscaling the required computational resources are considerable. For one 

month of data we needed, when running on 16 compute nodes with 16 processors each, 11.5 hours 

of wall-clock time on a Linux cluster with Intel Xeon E5-2640v3 processors at 2.6 GHz. This sums up 

to ~10
6
 CPU-hours for the 10 years over the 3 cities. In this estimate, no time in the super-

computer’s queue was included. The resulting data amounts to 303 Gigabyte per month and per 

city, while the amount of data stored on the portal equals 100 Gigabyte per month.  

 

The production runs with HCLIM-AROME were quite stable, with sporadic numerical instabilities 

that were manually solved by reducing the time step for problematic months.  

 

In order to afford the computational costs reported above, a relatively small domain was used. This 

allowed a timely delivery of 1 km resolution climate data covering a total of 30 years, which was 

subsequently given as boundary conditions to MATCH and HYPE. However, this created problems 

with the spin-up of precipitation in strongly forced weather situations, as the sensitivity tests 

presented in this report made evident. We conclude that for these cases and the related 

precipitation, a much larger domain should have been used, which of course would have meant a 

much longer computational time, incompatible with UrbanSIS timeline. 

 

The air temperature fields simulated by HCLIM-AROME have shown to clearly reflect the urban to 

rural gradients expressed in the Urban Heat Island (UHI), or even some intra-city spatial variability, 

such as the one induced by plants, known as the Park Cool Island (PCI), although some of the results 

obtained over nature areas are still under evaluation. 

 

An additional collection of lessons learned and recommendations for users and for production is 

given in report D441.2.3 on “Recommendations of input for operational production”. 

  

 

 

 

 

 

 

 

  



 

 

Copernicus Climate Change Service 
 

 

 

 

C3S_441.3.4_Lot3_SMHI_2017SC2 - Urban climate ECV and impact indicator data for present and future climate Page 42 of 62  

7. References 
 

Bengtsson, L., Andrae, U., Aspelien, T., Batrak, Y., Calvo, J., de Rooy, W., Gleeson, E., Hansen-Sass, B., 
Homleid, M., Hortal, M., Ivarsson, K., Lenderink, G., Niemelä, S., Pagh Nielsen, K., Onvlee, J., Rontu, L., 
Samuelsson, P., Santos Muñoz, D., Subias, A., Tijm, S., Toll, V., Yang, X., and Ødegaard Køltzow, M., 
2017. The HARMONIE-AROME model configuration in the ALADIN-HIRLAM NWP system. Mon. Wea. Rev., 
doi: 10.1175/MWR-D-16-0417.1.  

Boone, A., Belamari, S., Brun, E., Calvet, J.-C., Decharme, B., Faroux, S., Gibelin, A.-L., Giordani, H., 
Lafont, S., Lebeaupin, C., Le Moigne, P., Mahfouf, J.-F., Martin, E., Masson, V., Mironov, D., Morin, S., 
Noilhan, J., Tulet, P., Van Den Hurk, B., Vionnet, V., 2012. SURFEX Scientific Documentation. P. Le Moigne 
(Editor). August 3, 2012. 237 p. 

Derková, M., and Belluš, M., 2007: Various applications of the blending by digital filter technique in the 
ALADNI Numerical Weather Prediction System. Meteorologický časopis, 10, 2007, 27–36. 

Faroux, S., Kaptué Tchuenté, A.T., Roujean, J.-L., Masson, V., Martin, E., and Le Moigne, P. 2013. 
ECOCLIMAP-II/Europe: a twofold database of ecosystems and surface parameters at 1 km resolution based 
on satellite information for use in land surface, meteorological and climate models, Geosci. Model Dev., 6, 
563–582, doi:10.5194/gmd-6-563-2013. 

Gerard, L., 2007. An integrated package for subgrid convection, clouds and precipitation compatible with 
meso-gamma scales. Quart. J. Roy. Meteor. Soc., 133, 711–730, doi:10.1002/qj.58. 

Gerard, L., Piriou, J.-M., Brožková., Geleyn, J.-F., and Banciu, D., 2009: Cloud and precipitation 
parameterization in a meso-gamma-scale operational weather prediction model. Mon. Wea. Rev., 137, 
3960–3977, doi:10.1175/2009MWR2750.1. 

Giard, D., and Bazile, E., 2000. Implementation of a new assimilation scheme for soil and surface variables 
in a global NWP model. Mon. Wea. Rev., 128, 997-1015. 

Hazeleger W., et al., 2012, EC-Earth V2: description and validation of a new seamless Earth system 
prediction model., Climate Dynamics, Volume 39, Issue 11, pp 2611-2629. (published online at  

Hazeleger, W., et al., 2013, Multiyear climate predictions using two initialization strategies., Geophysical 
Research Letters 40.9, pp 1794-1798. 

Le Moigne, P., Colin, J., and Decharme, B. 2016. Impact of lake surface temperatures simulated by the 
FLake scheme in the CNRM-CM5 climate model. Tellus A , 68, 31274, doi: 10.3402/tellusa.v68.31274.  

Lind, P., Lindstedt, D., Kjellström, E., and Jones, C. 2016. Spatial and Temporal Characteristics of Summer 
Precipitation over Central Europe in a Suite of High-Resolution Climate Models. Journal of Climate. doi: 
10.1175/JCLI-D-15-0463.1 

Lindstedt, D., Lind, P., Jones, C., and Kjellström, E. 2015. A new regional climate model operating at the 
meso-gamma scale: performance over Europe. Tellus A, 67, 24138, doi: 10.3402/tellusa.v67.24138. 

Lynch, P., and Huang, X.-Y., 1992. Initialization of the HIRLAM model using a digital filter. Mon. Wea. Rev., 
120, 1019-1034. 

Masson, V., 2000. A physically-based scheme for the urban energy budget in atmospheric models. 
Boundary-layer meteorology, 94 (3), 357–397. 

Masson, V., Le Moigne, P., Martin, E., Faroux, S., Alias, A., Alkama, R., Belamari, S., Barbu, A., Boone, A., 
Bouyssel, F., Brousseau, P., Brun, E., Calvet, J.-C., Carrer, D., Decharme, B., Delire, C., Donier, S., 
Essaouini, K., Gibelin, A.-L., Giordani, H., Habets, F., Jidane, M., Kerdraon, G., Kourzeneva, E., Lafaysse, 
M., Lafont, S., Lebeaupin Brossier, C., Lemonsu, A., Mahfouf, J.-F., Marguinaud, P., Mokhtari, M., Morin, 
S., Pigeon, G., Salgado, R., Seity, Y., Taillefer, F., Tanguy, G., Tulet, P., Vincendon, B., Vionnet, V., and 
Voldoire, A. 2013. The SURFEXv7.2 land and ocean surface platform for coupled or offline simulation of 
earth surface variables and fluxes. Geosci. Model Dev., 6, 929-960, doi:10.5194/gmd-6-929-2013. 

Müller, M., Homleid, M., Ivarsson, K., Køltzow, M., Lindskog, M., Midtbø, K., Andrae, U., Aspelien, T., 
Berggren, L., Bjørge, D., Dahlgren, P., Kristiansen, J., Randriamampianina, R., Ridal, M., and Vignes, O., 
2017. AROME - MetCoOp : A Nordic convective scale operational weather prediction model. Wea. 
Forecasting, doi: 10.1175/WAF-D-16-0099.1. 



 

 

Copernicus Climate Change Service 
 

 

 

 

C3S_441.3.4_Lot3_SMHI_2017SC2 - Urban climate ECV and impact indicator data for present and future climate Page 43 of 62  

Ridal, M., Körnich, H., and Olsson, E. 2016. Report of results and datasets of two physics HARMONIE runs 
for spread estimation. Deliverable D2.5 of project UERRA. Available at 
http://www.uerra.eu/publications/deliverable-reports.html 

Seity, Y., Brousseau, P., Malardel, S., Hello, G., Bénard, P., Bouttier, F., Lac, C., and Masson, V., 2011. 
The AROME-France Convective-Scale Operational Model. Mon. Wea. Rev., 139, 976–991. 

van der Walt, S., Colbert, S.C., and Varoquaux, G, 2011. The NumPy Array: A Structure for Efficient 
Numerical Computation, Computing in Science & Engineering, 13, 22-30. doi:10.1109/MCSE.2011.37. 

  



 

 

Copernicus Climate Change Service 
 

 

 

 

C3S_441.3.4_Lot3_SMHI_2017SC2 - Urban climate ECV and impact indicator data for present and future climate Page 44 of 62  

8. ANNEX - Methodology for selection of representative years 
 
This section describes the methodology used and results obtained in the selection of five 

representative years from the present and future time periods as simulated by HARMONIE regional 

climate model (HCLIM-ALARO) in the GLOBAQUA project (http://www.globaqua-project.eu). 

Boundary conditions are provided by the EC-Earth global climate model. Separate selections have 

been done for three different regions: Stockholm, Amsterdam and Bologna. The focus is on the 

warm season, therefore the analysis primarily concerns the summer months from May to 

September (MJJAS).  

 
Before selecting specific years based on temperature and precipitation, one should first have a 

general idea of the average conditions, trends and variability of these variables during the complete 

present and future 30-year time periods (the length of HCLIM-ALARO runs). 

 

Figure A1 compares EC-Earth and HCLIM-ALARO with EOBS in the present period 1980-2010, 

showing seasonal mean values of temperature (1a) and precipitation (1b). EC-Earth (SST:s from IPSL 

GCM are used) display a very cold climate over Europe, particularly in winter and over northern 

Europe where temperatures are generally 5-10 
o
C colder than EOBS. Therefore, HCLIM-ALARO is 

also much colder generally, although the bias is alleviated to some extent (by a couple of degrees) 

compared to EC-Earth. Regarding precipitation, the most pronounced bias in EC-Earth is the wetter 

conditions in south-west Europe in spring and summer and the drier conditions over Ukraine, 

Belarus and western Russia in summer and autumn. HCLIM-ALARO is generally drier than EC-Earth, 

thus has better agreement with EOBS over south-western Europe but even drier conditions in the 

east where the bias extends in over eastern Europe.    

 

Figure A2 and Figure A3 show annual averages of temperature and precipitation, respectively for 

present period (top row) and the difference between scenario and present period (bottom row). 

Figure A4 shows current 5-year average values of temperature as anomalies from the average 

period (upper panel) and as anomalies between scenario and present period (lower panel). The 

lines represent the whole of Europe (red) and the Urban-SIS regions of Stockholm and Bologna. 

Figure A5 shows the corresponding rainfall image. For temperature, a positive trend can be seen, 

both for the present period and the scenario, while no clear trends can be seen (for each period) for 

precipitation, where instead the inter-annual variability becomes more clear on a regional scale. 

Figure A2 to Figure A5 show that in this HCLIM-ALARO simulation, driven by EC-Earth, there is a 

distinct warming signal over Europe's land areas, wetter conditions in northern and central Europe 

but reduced rainfall over the Mediterranean area. 
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Figure A1a. 2m temperature model comparison for present time period 1980-2010, comparing HCLIM-ALARO 

and EC-Earth to EOBS. 
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Figure A1b. Same as Fig. A1a but for precipitation. 
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Figure A2. Seasonal mean temperature for present period (top) and difference between scenario and present 

period (bottom). 

 
 

 
Figure A3. As Fig. A2 but for precipitation. 
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Figure A4. Time series of T2m seasonal anomalies. 
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Figure A5. As Fig. A4 but for precipitation. 

 
 
The selection of years (with focus on summer season) should allow combinations of cold/wet, 

cold/dry, warm/wet, warm/dry as well as 'normal' (i.e. close to average conditions in the considered 

time period) seasons are represented. More so, the chosen seasons should have episodes of 

extreme events; for T2m this could encompass days with extreme heat or multi-day heat waves, 

and for precipitation it could be long (multi-day) or short duration (daily to sub-daily) rain events, 

flash floods and droughts. 

 

The selection is done here by plotting seasonal mean anomalies (compared to time mean) of T2m 

and precipitation in a scatter plot for each of the three regions and for present and future periods 

separately. In the scatter plot, years (seasons) located in each quadrant represent the combinations 

mentioned above and the further away from origo the points are the more 'extreme' this season is 

(considering the seasonal mean values). Normal conditions are represented by points being close to 

origo. In order to avoid underlying trends that could potentially contaminate the statistical analysis, 

data is first de-trended so that the time series represent inter-annual variability. To further highlight 

the distribution of the data, the inter-quartile range (difference between 75
th

 and 25
th

 percentiles) 
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is plotted as a rectangle (as it is calculated for both T2m and precipitation). In addition, the 

rectangle representing the difference between the 95
th

 and 5
th

 percentiles is also given. 

  

However, just analysing the seasonal mean values (calculated from daily mean T2m and 

precipitation) doesn't guarantee that years (seasons) having interesting extreme events are actually 

selected. For example, a season may have both episodes of droughts and very warm days and 

episodes of extreme wet events and colder temperatures. Despite the extreme events, in the 

seasonal average this season may not end up as very extreme. Therefore, it is important to 

simultaneously consider other parts of the statistical distributions of T2m and precipitation of each 

season. With this in mind, plots are made that show combination of different indices for T2m and 

precipitation, indicating warmth/coldness and wetness/dryness, for each year. It is a relative 

comparison between years, where a higher value indicates more frequent, stronger, more 

prolonged etc. depending on the definition of the index. For each index all years are normalized to 

the year with the maximum value (that year then has the value 1. The year with minimum value is 

assigned a value of zero). This plot in combination with the scatter plot set the information basis 

from which the selection of years is done. 

 

For temperature the following indices have been used: 

 

• 'Dmn > p75': Frequency of days with mean T2m larger than the climatological 75
th

 percentile. 

• 'Dmn < p25': Frequency days with mean T2m less than climatological 25
th

 percentile (values are 

inversed so that a low value indicates high frequency and thus drier conditions). 

• 'Dmx > p95': Frequency of days with daily max T2m larger than clim. 95
th

 percentile. 

• 'EHI': An index for potential heat wave events, given as frequency of events. 

• 'Hdays': Frequency of hot days; days with mean T2m larger than clim. 75
th

 percentile. 

• 'Xtr Hdays': Frequency of extreme hot days; days with mean T2m larger than clim. 95
th

 

percentile. 

• 'avg': The mean value over all indices. 

 

 

For precipitation: 

 

• 'Dmn > p95': Same as for T2m 

• 'Dmn < p25': Same as for T2m 

• 'Dsum > p95': Frequency of days with daily accumulated precipitation larger than the 

climatological 95
th

 percentile. 

• 'Tot > p75': Total amount of precipitation above clim. 75
th

 percentile. 

• 'Dmx fr > p95': Frequency of days with daily maximum precipitation above clim. 95
th

 percentile. 

• 'Dmx mn > p95': Mean of precipitation amount for days with daily maximum precipitation 

above clim. 95
th

 percentile. 

• 'avg': Mean over all indices. 
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Based on the results from the analysis (see Figure A6 to Figure A23) the following years have been 

selected for the different regions: 

 
Table A1. Years selected for the different regions. 

 Normal Cold/Wet Cold/Dry Warm/Wet Warm/Dry 

Stockholm      

  Present scenario 2009 1995 1994 2005 1985 

  Future scenario  2032 2053 2046 2035 2064 

Amsterdam      

  Present scenario 2005 2000 1996 2010 2007 

  Future scenario  2053 2038 2034 2035 2049 

Bologna      

  Present scenario 2005 1987 1996 2010 2006 

  Future scenario   2050 2037 2053 2063 2044 

 

 
The box plots for each region are complementary to the analysis. They show the full distribution of 

the mean and maximum daily T2m and precipitation for all years (for present or scenario time 

period) and for the sub-selection of the five years. This provides another mean to put the selection 

of years in relation to the whole time periods, here also looking at absolute values. 
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Stockholm region: 

 
Figure A6. Raster plot showing temperature and precipitation climate indices for present period in Stockholm 

region. 

 

 

 
Figure A7. Scatter plot showing daily mean temperature and precipitation anomalies compared to the time 

mean for Stockholm present period. Black dots represent selected years. 
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Figure A8. Same as Fig. A6 but for the future scenario. 

 

 

 
Figure A9. Same as Fig. A7 but for the future scenario. 
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Figure A10. Box plots for selected years and all years for Stockholm present period. The dark orange box 

represents the statistics from the combined selected five years. 

 
 
 

 
Figure A11. Same as Fig. A10 but for the future scenario. 
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Amsterdam region: 

 

Figure A12. Raster plot showing temperature and precipitation climate indices for present period in 

Amsterdam region. 

 

 

 
Figure A13. Scatter plot showing daily mean temperature and precipitation anomalies compared to the time 

mean for Amsterdam present period. Black dots represent selected years. 
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Figure A14. Same as Fig. A12 but for the future scenario time period. 

 
 
 

 
Figure A15. Same as Fig. A13 but for the future scenario time period. 
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Figure A16. Box plots for selected years and all years for Amsterdam present period. The dark orange box 

represents the statistics from the combined selected five years. 

 
 

 
Figure A17. Same as Fig. A16 but for the future scenario time period. 
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Bologna region: 

 
Figure A18. Raster plot showing temperature and precipitation climate indices for present period in Bologna 

region. 

 
 

 
Figure A19. Scatter plot showing daily mean temperature and precipitation anomalies compared to the time 

mean for Bologna present period. Black dots represent selected years. 
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Figure A20. Same as Fig. A18 but for the future scenario time period. 

 
 
 

 
Figure A21. Same as Fig. A19 but for the future scenario time period. 
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Figure A22. Box plots for selected years and all years for Bologna present period. The dark orange box 

represents the statistics from the combined selected five years. 

 
 

 

Figure A23. Same as Fig. A22 but for the future scenario time period. 
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