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Introduction 

The first deliverable of WP 4 is the summary of a workshop for potential end-users in 
Stockholm. The objective of the workshop was to get feedback from the end-users 
regarding several critical decisions affecting the project usability and relevance. The 
main focus was set on: 
 
• Identifying sectorial needs of high resolution climate information 
• Identifying and clarifying the definition of ECVs (Essential Climate Variables) of 

interest 
• Identifying and describing indicators of interest 
• Acquiring requirements on formats 
 
Essential Climate Variables (ECV) are physical, chemical, or biological variables that 
critically contributes to the characterization of Earth’s climate (WMO definition). In the 
Urban SIS context, ECVs area defined as basic parameters directly generated by the 
meteorological, air quality dispersion and hydrological models. This data is meant to 
serve as input to further refinement, and will be made available at 1x1 km2 spatial 
resolution and hourly temporal resolution for each city. 
 
As described in the technical project proposal, the models used to generate the ECVs 
are: 
 
• The HARMONIE model (for climate downscaling) 
• The MATCH model (for urban background concentrations of air pollutants) 
• The HYPE model (for soil moisture and water runoff) 
 
The term “impact indicator” is here used for any output parameter generated by post-
processing ECVs so that they facilitate an easier interpretation of the impact that 
climate conditions can have for different sectors in a city. This for example includes 
statistically aggregated data of resolution lower than 1 hour, indices used in different 
sectors and completely new parameters that can be derived from the different ECVs. 
 

Arrangements 

The two most central sectors identified in Urban SIS are related to health and 
infrastructure. Theses sectors typically have different end-users, and therefore, the 
workshop was divided into two sessions: 
 
• Heat waves and air pollution 
• Urban flooding 
 
Potential end-users were invited from different sectors, trying to make sure all key 
stakeholders were represented. During the “Heat and air pollution session”, the main 
focus was set on heat waves. Heat waves has fairly recently been identified as an 
important health risk in Sweden and not many consultants are working in the area. 
Therefore, the participants within this field were mainly from public agencies and 
administration. For the session focusing on Urban flooding, there was a higher 
representation by consultants, but also the major agencies and public organizations 
were represented. Apart from the end-users, all project partners were represented by 
one or several experts at the work shop. 
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To make the discussions more efficient, a preliminary list of ECVs and indicators had 
been sent to all participants before the workshop. This list had also been discussed 
among the project partners during a meeting just before the end-users arrived. 
Before the discussions, a general presentation was given of the project and selected 
experts gave a short introductory presentation on the topic of the session. 
 
The lists of participants are given appendix 1 and 2. 
 
The agenda of the workshop is given in appendix 3.  
 

Results 

An important result of the day is the draft lists of ECVs and indicators with short 
descriptions. These lists are an important input for the further work in several work 
packages and the lists will be finally defined as deliverables D4.2 (February 28, 2016) 
and D4.3 (October 31, 2016). 
 

Essential Climate Variables 

A set of ECVs was identified and described shortly. The list can be found in Appendix 4. 
The HARMONIE modellers informed that results for several variables (e.g. temperature, 
relative humidity, wind speed) will be available separately for different types of land 
use. This means that for each 1*1km2 grid cell, these parameters will be given for bare 
land, forest, water and urban areas separately. It is not yet decided how this 
information is best made available to end-users. Some observations are: 
 
• The parameters could be combined into a single grid based on the physiography 

information used in the model. This would make the data easier to use. 
 

• An end-user (e.g. advanced consultant) with access to higher resolution input data 
could further refine the grids using land use data with higher resolution than 1*1km2. 
 

Impact indicators 

For all yearly indicators, impact indicator values will be made available for each year 
during the historical time-period. Also, averages over the whole time-period will be 
presented together with an additional field showing the variance of the parameter over 
the years. 
For climate runs of present and future climate, only the average over the whole time-
period will be given together with the variation. 

Heat-waves and air pollution 

After a general presentation on the project scope and the agenda, Bertil Forsberg and 
Daniel Oudin of Umeå University gave an introduction to the session. 
 
The main discussion related to air pollution during the workshop was regarding the 
possibility to include an indicator for mortality caused by PM2.5 and NO2. Bertil 
Forsberg of Umeå University commented that these two pollutants are so correlated 
that there is risk for double counting the risk. He also commented that most 
concentration-response functions used for PM2.5 today do not consider differences in 
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the type and origin of particles. Differences in health effects are likely to exist when 
comparing for example secondary inorganic aerosols with newly emitted diesel 
particles. Since this project focuses on urban areas, the fraction of PM2.5 consisting of 
fresh particles from combustion will likely be bigger than what is found in the regional 
background. If the commonly used concentration-response functions are applied for 
this area, this might result in a significant underestimation of the number of deaths. 
Bertil Forsberg suggested that increased mortality is only used when it comes to ozone, 
for which this problem of type and origin is not essential. 
 
We need to converge and agree under the project on a definition of heat wave. It was 
proposed to use the definition from the PHASE project 
(http://www.phaseclimatehealth.eu/). The results from this project will provide relative 
risks based on several European cities, making it generally applicable in Europe. The 
question of defining criteria for heat waves will be further analysed in WP4. 
 
After discussions involving the Umeå University experts, it was concluded that future 
adaptation of the population, partly as a consequence of measures taken, should not to 
be included. This means that the same risk factors should be applied for the present 
climate as for the future climate. 
 
Indicators that are more closely related to human comfort are also relevant for end-
users, for this the Thom discomfort index is proposed, which is also currently used 
during heat waves in Bologna. Another indicator discussed from this perspective is 
number of tropical nights. Although there are no relative risks available for this 
parameter, there is still a clear connection to discomfort and the parameter is easy to 
understand. 
 
The list of suggested impact indicators is given in Appendix 5. 

Urban flooding 

Lars Gidhagen presented the scope of the project. An important limitation of the 
project is the length of the time-periods studied. The periods are decided to be 5-10 
years, meaning that it is unlikely to capture very extreme events such as those e.g. 
with 100 years return period. If such extreme events are required, it has to be through 
some kind of climate change factor or similar. The main focus of the project is on the 
somewhat less extreme events which are likely to occur during the simulation periods – 
referred to as time windows - of 5-10 years. Since extreme values are so important for 
consultants, perhaps it would possible to select the urban downscaling time periods by 
identifying those “most extreme” events from the coarser model results (for which 
longer simulation periods are available)? This needs further analysis. 
 
Hans Bäckman from the Swedish Water & Wastewater Association presented some 
experiences from the recent cloud burst in Malmö, Sweden. He showed clearly in his 
presentation how important the spatial resolution is to capture the highest intensity 
rainfall and the need for dense monitoring networks. He also asked for an explanation 
of how this project would approach this.  Jonas Ohlsson, SMHI responded and 
compared the model results with having “a tipping bucket instrument in every 1x1 km2 
cell over a >150x150 km2 domain above a city”. It was emphasized that Urban SIS 
models will not be able to simulate the exact location of the extreme precipitation 
events, but they will deliver important statistics of intensity and area coverage that will 
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allow a better characterization of these events. It was concluded that it will be of 
interest to compare the Stockholm downscaling output with IDF curves from Swedish 
Water & Wastewater Association. 
 
Participant from “Stockholm water” stated that an indicator providing some kind of 
Areal Reduction Factor would be very interesting. This kind of information is lacking 
today. 
 
A question was raised regarding the description of the cities’ geographical extension 
and physiography to be used for the future climate scenario. It is expected that most 
cities will grow significantly over the coming 50 years. Depending on the availability of 
growth scenarios for the pilot cities, as well as after taking into account 
recommendations from stakeholders, a decision will be taken for each city on which 
future land user scenario the downscaling will be based.  
 
A storm movement catalogue over the city would also be useful. Urban SIS may be 
able to produce two types of design storms: 
 
•  With constant amplitude, moving over the city along typical trajectories 
•  With a amplitude structure, moving over the city along typical trajectories 

 
Many participants stated that 15 min precipitation values would be of interest and 
important as input to simulated IDF-curves. A possible way, without generating too 
much output, is to only store 15 min data for periods where precipitation exceeds a 
certain threshold. 
 
A general remark was that the indicators are of more interest than the ECVs for 
consultants in this sector. It is the climate factors, to be applied on existing 
precipitation records, that are most important. One reason for this is that the 
consultants usually work on higher resolution than 1*1 km2, and apply change factors 
to their input data. With Urban SIS information it may be possible to see gradients in 
“climate factors” over the city, but if these will be useful for the consultants must be 
further discussed. 
 
It was commented that “Length of dry conditions” are of interest per se, but also 
important for the calculation of pollution washout during rainfall occurring after such 
dry periods. 
 
A question was raised regarding the possibility to produce an indicator of combined 
effects (e.g. snow smelting and heavy rainfall, etc)? There are indications from Italy 
that combined effects related to snow melting have become more frequent. 
 
The list of indicators for intense rainfall is given in Appendix 6. 

Formats 

A general comment from consultants attending the workshop is that formats used 
when downloading data should be easy to use in standard GIS-programs such as 
ArcGIS or QGIS. This means specifically that: 
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• If GRIB or NETCDF is used, the compatibility with GIS software has to be confirmed. 
It is requested that a more common GIS raster format should also be available (such 
as GeoTIFF). 
 

• If model results are generated in a rotated coordinate system, they have to be 
projected to a more standardized coordinate system before being accessible in Urban 
SIS (such as the official grid of the country or city, or possible the EEA standard grid 
if the same grid is required for all cities). 
 

It is important to allow extraction and downloading of time-series from one or several 
grid-cells. Many consultants use time-series as input to their local scale models, and 
this functionality would save them a lot of time (otherwise they would have to 
download large amounts of data and develop a small program to process them). 
There are several indicators related to urban flooding that are not easy to present as 
gridded data: 
 
• River discharge 
• IDF-curves 
• Design storms 
• Areal reduction factors 
• Seasonal timing of rainfall extremes 
• Combined events, climate factors. 

 
Details on how to present these indicators needs further discussion.  
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Appendix 1: Internal project participants at the workshop 

Table 1: Urban SIS staff participating in workshop. 
Participant Affiliation Attending workshop Role / field of expertize 

David Segersson SMHI Heat&AP, urban flooding WP4 leader 

Lars Gidhagen SMHI Heat&AP, urban flooding Coordinator 

Emil Björck SMHI Heat&AP, urban flooding WP3, WP5 meteorologist 

Heiner Körnich SMHI Heat&AP, urban flooding WP2 leader 

Lena Strömbäck SMHI Heat&AP, urban flooding WP7 leader 

Jorge Amorim SMHI  Heat&AP, urban flooding WP3 leader 

Berit Frödén SMHI Heat&AP, urban flooding Service manager 

Jonas Olsson SMHI Urban flooding WP5 leader 

Rodica Tomozeiu ARPA Heat&AP, urban flooding WP4, WP6 climate expert 

Lucio Botarelli ARPA Heat&AP, urban flooding WP4. WP6 climate expert 

Marco Deserti ARPA Heat&AP, urban flooding WP4, WP6 air quality expert 

Anders Arnqvist Veryday Heat&AP, urban flooding WP4 communication/visualization 

Karin Dyrestam WSP Heat&AP, urban flooding WP4, WP6 hydrological expert 

Anna Risberg WSP Urban flooding WP4, WP6 hydrological expert 
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Appendix 2: External participants at the workshop 

Table 2: End-users participating in workshop. 
Participant Affiliation Role / field of expertize 

Daniel Hellström Svenskt vatten R & D management 

Joakim Pramsten Stockholm water Urban flooding, water treatment etc. 

Magnus Sannebro Sthlm city env. department Environment 

 Norconsult Consult 

Lars Marklund Tyréns Consultant 

Hans Hammarlund Tyréns Consultant 

Johan Kjellin Tyréns Consultant 

Daniel Knös Länsförsäkringar Insurances 

Karin Willis Stockholm County Administrative Board Climate adaptation, urban planning 

Karin von Sydow Stockholm County Administrative Board climate adaptation, urban planning 

Ulrika Postgård Swedish Contingency Agency senior advisor, natural hazards 

Hans Bäckman The Swedish Water & Wastewater Association R&D 

Maria Tengvard* City of Stockholm urban planning 

Christina Wikberger* City of Stockholm urban planning 

*Interviewed separately in connection to the workshop 
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Appendix 3: Workshop agenda 

 
 

Date hours Topic Participants Presented by 
 

Dec 17 
 

 

 
0830-0930 

 
 

 
(video link with Sue Grimmond is cancelled) 
 
Preparation for discussion with end users, 
completing draft list of impact indicators 
 

 
WP4 

 
SMHI 

 

  
0930-1000 

 
Coffee break 

  

 
1000-1030 

 
 
 

1030-1130 
 

1130-1200 

 
Heatwaves and air pollution: What are we 
looking for? Introduction to ECVs and impact 
indicators 
 
Group discussions 
 
Results of group discussions 
 

 
WP4 + 

invitated 
end users 

 
UmU 

 
 
 

(groups) 
 

(groups) 

  
1215-1315 

 
Lunch 

  

 
 
 

 
1330-1400 

 
 

1400-1500 
 

1500-1530 

 
Urban flooding: What are we looking for? 
Introduction to ECVs and impact indicators 
 
Group discussions 
 
Results of group discussions 
 

 
WP4 + 

invitated 
end users 

 
SMHI 

 
 

(groups) 
 

(groups) 

  
1530-1600 

 
Coffee break 

  

  
1600-1630 

 
Conclusions, WP4 documentation 

 
WP4 

 
SMHI 

  
1630-1700 

 
Planning WP4 workshop in Bologna 

 
WP4 

 
ARPA 

 



 
Copernicus Climate Change Service 

 
 
C3S_441 Lot 3 Urban SIS:   D4.1 Stockholm workshop           10 

Appendix 4: Essential Climate Variables 

For ECVs, spatial resolution of 1*1km2 over the whole modelling domain and temporal 
resolution of 1 hour is assumed if nothing else is specified. Only 2D-grids are made 
available. 
 

Table 4: Draft list of ECVs to be included in Urban SIS output (status after Stockholm workshop) 
ECV Unit Description 

Air temperature* °C  

Precipitation mm Sub-hourly for hydrological application (if possible) 
15-minutes if possible within the time-frame 

Relative humidity* %  

Wind* m/s u, v, and w components 
10 meters above ground level 

 

Boundary layer height m From MATCH 

Snowfall mm  

O3 concentration µg/m3 Urban background conc.  

NO2 concentration µg/m3 Urban background conc. 

PM10 concentration µg/m3 Urban background conc. 

PM2,5 concentration µg/m3 Urban background conc. 

Global radiation w/m2  

Direct shortwave radiation w/m2  

Diffuse shortwave 
radiation 

w/m2  

Local runoff mm/h  

Surface runoff mm/h  

Evapotranspiration mm Using landuse from Urban Altlas 

River discharge m³/h  

Soil moisture mm Regional scale, what is most interesting for end-users? 

Snow cover m Snow water equivalent 

* Different temperatures for water, bare land, urban, forest etc. either combined to one representative grid or 
presenting the individual grids. 
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Appendix 5: Impact indicators – Heat waves and air pollution 

Table 5: Draft list of impact indicators in Urban SIS output (status after Stockholm workshop) 
Indicator Unit Description 

Number of persons exposed 
to conc. >AQ EU limit 
values 

persons Presented separately for NO2, O3, and PM2.5. Exceedance according to 
Directive 2008/50/EC. 
Requires population data. 

Number of persons exposed 
to conc. >AQ WHO 
guidelines 

persons Presented separately for NO2, O3, and PM2.5. Exceedance according to 
WHO guidelines. 
Requires population data. 

Concentration of PM10 >EU 
AQ limit values 

µg/m3 Urban background concentration evaluated to be comparable with 
standards in Directive 2008/50/EC  

Concentration of PM2,5 >EU 
AQ limit values 

µg/m3 Urban background concentration evaluated to be comparable with 
standards in Directive 2008/50/EC  

Concentration of 03 >EU AQ 
limit values 

µg/m3 Urban background concentration evaluated to be comparable with 
standards in Directive 2008/50/EC  

Concentration of NO2 >EU 
AQ limit values 

µg/m3 Urban background concentration evaluated to be comparable with 
standards in Directive 2008/50/EC  

AQ-index - AQI is defined for each day. Concentrations of PM10, NO2 and O3 are 
normalized with respect to their legislation limit value; AQI is defined as the 
worst of the 3 normalized values. 

Mortality, all-cause 
(natural), age 30+ years 
(long-term exposure) 

deaths 
per year 

Separately for NO2, O3, PM2.5. For each pollutant WHO suggests a specific 
concentration-response function. Several problems related to showing 
mortality from PM2.5, to be discussed further in Bologna…  

Mortality, all-cause 
(natural), age 30+ years 
(short-term exposure) 

deaths 
per year 

Separately for O3, maybe also for PM2.5. Several problems related to 
showing mortality from PM2.5. To be discussed… List will be commented 
after workshop in Bologna. 

Number of preterm births 
due to exposure to O3 
(long-term) 

n. 
preterm 
births  

first trimester 

Heat wave days Days per 
year 

Number of days above temp T for N days in a row. 
Percentiles of daily max (and daily mean) 75, 90, 95 duration > 2 days 

Days per year for each of the thresholds. 

Heat wave duration days The maximum number of consecutive days with maximum temperature 
greater than 90th daily percentile (definition from Stardex and Ensemble 
projects). 

Frequency of heat waves - Number of heat waves per year/season 
Partly same information as heat wave days? 

More relevant for long-term extreme values? 

Thom discomfort index days per 
year 

Number of days exceeding the thresholds 
Used for heat waves in Bologna. 

Tropical nights days per 
year 

Number of days with daily minimum temperature greater than 20°C. 

Number of days on both 
sides of 0 °C 

 Used in Sweden to represent days with slippery road conditions. Also 
relevant for agriculture. 

Frost days days per 
year 

Number of days with daily minimum temperature less than 0°C. 

Ice days days per 
year 

Number of days with daily minimum and daily maximum  temperature less 
than 0°C 

Average heat-related deaths  deaths 
per year 

per 100,000 inhabitants and/or based on city population 

Daily max air temperature °C Based on hourly values 

Daily min air temperature °C  

Daily mean air temperature °C  

Degree days  To be used for energy consumption… 

Degree days  Plants do not grow above 30 deg C. 
Effects on agriculture and also green areas in cities during heat waves 
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Appendix 6: Impact indicators – Urban flooding 

Table 6: Draft list of Impact indicators to be included in Urban SIS output (status after Stockholm workshop) 
Indicator Description 

IDF-curves: X-year Y-h 
rainfall 
(direct) 

Estimation of extreme rainfall for various return periods X and durations Y. X maybe 1, 5, 
10, 20, 50, 100 years. Y maybe 1, 2, 3, 6, 12, 24 h. 

IDF-curves: X-year Z-
min rainfall 
(extrapolation) 

By fitting IDF-relationships to the hourly durations Y above it may be possible to 
extrapolate to sub-hourly durations. 

Design storm A selection of design storm types for different combinations of return periods and durations. 

Areal Reduction Factors Describing how the extreme intensity decreases with increasing area for different 
combinations of return periods and durations.. 

Storm movement Typical speed and direction of storm movement in the region. 

Seasonal timing of 
rainfall extremes 

To describe when (month/season) extremes of various duration happen. 

Seasonal soil moisture Monthly/seasonal cycle of soil moisture (at which depth?) 

Dry days Mean and maximum number of consecutive dry days on  yearly/ seasonally basis 

Days with intense 
precipitation 

Number of events when a given threshold is exceeded. Thresholds are considered as rainfall 
intensities computed as the 90th percentile of a climatological period. Significant durations 
for urban drainage/ flooding purposes are 1h, 3h, 6h, 12h, 24h. NOTE: Any information 
regarding sub-hourly intensities would be extremely valuable. 

Climate factors  

Combined events Rain + snowmelt etc. Large soil moisture + cloudburst etc. High lake level + high runoff. 
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