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1 Executive summary 

NACLIM WP42 ‘Impact on Urban Societies’ studies the impact of projected climate on urban heat stress, 

considering health effects in particular. Since November 2012 to May 2015, the work done focused on 

generating city urban morphology, on configuring urban climate model (UrbClim) and on generating present 

and future urban climate projections for the NACLIM target cities Almada, Antwerp and Berlin. All this was 

reported in deliverables D42.20 and D42.33, which were submitted respectively in April 2014 and 2015. 

The present deliverable (D42.42) is a report on the methodology used to analyse the impact of predicted 

urban climate on urban societies and presenting the results for the three selected urban agglomerations.  

(a) From May 2015, the work focused on mapping the impact of climate change on urban societies. The 

effort was made on (1) extracting heat stress variables from UrbClim Model output, (2) selecting and 

processing available city socio-economic data, (3) combining heat stress variables and socio-economic data, 

and (4) generating Heat Stress and Heat Stress Exposure maps for base and urban planning scenarios for the 

three target cities, Almada, Antwerp, Berlin. 

At first automated processes were set up (1) to extract the heat stress variables from UrbClim model output 

for each target city. The following heat stress parameters were selected: annual average number of heat 

wave days and Urban Heat Island (UHI) effect at 11pm for base scenario at present situation and annual 

average number of heat wave days for all other scenarios. 

The second step was (2) to assess the socio-economic data received from the end-users, to identify a list of 

socio-economic data, common to every target city, to process them and to generate socio-economic 

variables used to locate vulnerable population. 

The heat stress variable “Annual average number of heat wave days” and all socio-economic variables are 

then (3) joined and processed to produce several combined variables. 

At last (4) a set of Heat Stress and Heat Stress Exposure maps was generated per city for respectively each 

heat stress variable and each combined variable. The list of maps is available on the NACLIM web site as 

well as the maps themselves in the internal area. 

(b) In addition, we also developed a new method to map daytime heat stress at a very high resolution. 

While this had not been scheduled in the proposal, the end-users from the target cities Almada, Antwerp, 

and Berlin, all expressed the wish for this to be included, and to include in particular the effects of 

vegetation as adaptation measure. Heat stress was expressed by means of the Mean Radiant Temperature 

(MRT), which apart from air temperature also accounts for human exposure to short- and longwave 

radiation, which during the day are major contributors to heat stress. 
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Figure 1. Berlin average number of heat wave 

days per year, per grid cell, Urban Planning 

scenario 1986-2005 

 

Figure 2. Berlin average number of heat wave 

days per year, per grid cell, Urban Planning 

scenario 2026-2045 

 

Figure 3. Antwerp average number of heat wave 

days per year, per statistical unit, Base scenario 

1986-2005 
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Figure 4. Antwerp average number of heat wave 

days per year, per statistical units, Base scenario 

2081-2100 

 

Figure 5. Almada population density, Base 

scenario 1986-2005 

 

Figure 6. Almada population density, Urban 

planning scenario, 2026-2045 
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2 Project objectives 

{Standard Input} With this deliverable, the project has contributed to the achievement of the following 

objectives (see DOW Section B.1.1): 

Nr. Objective Yes No 

 Assessing the predictability and quantifying the uncertainty in forecasts of 

the North Atlantic/Arctic Ocean surface state 
 X 

 Assessing the atmospheric predictability related to the North Atlantic/Arctic 

Ocean surface state 
 X 

 Monitoring of volume, heat and fresh water transports across key sections in 

the North Atlantic 
 X 

 Quantifying the benefit of the different ocean observing system components 

for the initialization of decadal climate predictions 
 X 

 Establishing the impact of an Arctic initialization on the forecast skill in the 

North Atlantic/European sector 
 X 

 Quantifying the impact of predicted North Atlantic upper ocean state 

changes on the oceanic ecosystem 
 X 

 Quantifying the impact of predicted North Atlantic upper ocean state 

changes on socioeconomic systems in European urban societies 
X  

 Providing recommendations for observational and prediction systems  X 

 Providing recommendations for predictions of the oceanic ecosystem  X 

 

Disseminating the key results to the climate service community and relevant 

endusers/stakeholders 
 X 

 

Constructing a dataset for sea surface and sea ice surface temperatures in 

the Arctic 
 X 
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3 Detailed report on the deliverable 

The present report (42.42) is the third deliverable of WP42, and covers the activities conducted during the 

period 1 May 2015 to 31 December 2015. It focuses on the methodology used to map the impact of 

predicted urban climate on urban societies. In addition a new method to map daytime heat stress at a very 

high resolution is applied for the three selected urban agglomerations 

In the first report D42.20, the urban climate model UrbClim was described in its capacity to combine 

accuracy and speed and to deal with the long and multiple (ensemble-) simulations that are required in the 

climate projections.  

In the second report D42.33, we described the methodology to couple the UrbClim model to (ensembles of) 

output fields of Global Climate Models contained in the CMIP5 archive. The resulting urban climate 

projections showed, very consistently for the three target cities, that the number of heat wave days is 

expected to increase by a factor ten towards the end of the century (2081-2100, IPCC scenario RCP8.5), 

yielding nearly one month of heat wave conditions in these cities per year on average. 
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3.1 Introduction 

Climate change is driven by global processes such as the global ocean circulation and its variability over 

time leading to changing weather patterns on regional scales as well as changes in the severity and 

occurrence of extreme events such as heavy rain- and windstorms, floods, drought, heat waves, etc.   

A changing climate is expected to increase average summer temperatures and the frequency and intensity 

of hot days. Heat-waves in Europe are associated with significant morbidity and mortality. A preliminary 

analysis of the 2003 heat-wave in Europe estimated that it caused 14 802 excess deaths in France (National 

Institute of Public Health Surveillance, 2003), 2045 excess deaths in the United Kingdom, 2099 in Portugal 

(WHO, 2004). 

Cities face significant impacts from climate variability and change, both now and in the future, e.g. flooding 

(urban flooding, flash floods, river flooding), and heat waves leading to elevated levels of several air 

pollutants provoking health problems. Climate change impacts have major economic implications such as 

reduced productivity of labour or lost workdays, disruption of transport systems, or efficiency losses in 

energy generation and transmission (CSC, 11/20105). As most of Europe’s inhabitants live in cities which are 

highly vulnerable to climate change, it is of particular relevance to examine the impact of climate variability 

on urban areas and their populations.  

The present study identified heat stress variables related to human health and the extraction of this 

information by processing daily temperature statistics of local urban climate simulations over multiple 

timeframes of 20 years and three different European cities based on recent, near future and far future 

global climate predictions. The analyses involved local stakeholders such as the cities of Antwerp (Belgium), 

Berlin (Germany) and Almada (Portugal) represented by different climate and urban characteristics. Apart 

from the urban-rural temperature increment (urban heat island effect), additional heat stress parameters 

such as the average number of heat wave days together with their duration and intensities have been 

covered during this research.  

In a subsequent step, the heat stress variables are superposed on relevant socio-economic datasets 

targeting total population and its distribution per age class as well as vulnerable institutions such as 

hospitals, schools, rest homes and child/day care facilities in order to generate heat stress exposure maps 

for each use case city and various climate, urban planning and mitigation scenarios.  The specifications and 

requirements for the various scenarios have been consolidated in close collaboration with the local 

stakeholders during dedicated end-users workshops. 

The results of this study allow urban planners and policy makers facing the challenges of climate change and 

develop sound strategies for evolving towards sustainable and climate resilient cities. 
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Figure 7: WP42 - Impact of climate changes on urban society’s workflow 
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3.2 Heat Stress mapping  

VITO’s UrbClim urban climate model used in this study and detailed in previous reports performed climate 

model simulations (scenarios) over the three time periods (1986-2005, 2026-2045, 2081-2100). As 

reminder, these scenarios are listed in the following table and a short description of each scenario is made 

below. 

The establishment of the concrete list of targeted heat stress mapping results was decided in accord with 

the target city. Only the following scenarios were mapped: Base Scenarios 1986-2005, 2026-2045 and 2081-

2100; Urban Planning scenario 1986-2005 and 2026-2045. 

 
Table 1: UHI scenarios over the 3 times frame periods 

Brief description of the various scenarios: 

• S01: UHI – present situation (EEA data): analysis of the UHI effect for the past/present situation 

(1986-2005) using generic European datasets (no end-users data); 

• S02: UHI – present situation – Base scenario 1986-2005 : analysis of the UHI effect for the 

past/present situation (1986-2005) using urban morphology parameters extracted from local 

datasets (e.g. 3D city models, LULC, etc.) provided by the end-users; 

• S03: UHI – near future incl. climate variability – Base scenario 2026-2045: analysis of the UHI effect 

for the near future situation (2026-2045) using urban morphology parameters extracted from local 

datasets (no changes) and global climate model predictions for the near future like stated in PCC 

reports (including different scenarios and mapping of the uncertainty); 

• S04: UHI – far future incl. climate variability – Base scenario 2081-2100: analysis of the UHI effect 

for the far future situation (2081-2100) using urban morphology parameters extracted from local 

datasets (no changes) and global climate model predictions for the far future  like stated in IPCC 

reports (including different scenarios and mapping of the uncertainty); 

• S05: Realised projects – no urban expansion – Urban Planning scenario 1986-2005: analysis of the 

UHI effect for the near future situation (2026-2045) using urban morphology parameters extracted 

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

FAR FUTURE
(2081-2100)

S01 UHI - present situation (EEA data) X
S02 UHI - present situation X X
S03 UHI - near future incl. climate variability X X
S04 UHI - far future incl. climate variability X X
S05 Realised projects - no urban expansion X X
S05' Realised projects - no urban expansion X X
S07 Increase green roofs X X
S07' Increase green cover X X
S08 Increase albedo buildings (White roofs) X X

URBAN 
MORPHOLOGY 
PARAMETERS

TIME SCALE

MITIGATION MEASURES

THEME ID SCENARIO

BASE & CLIMATE 
VARIABILITY

URBAN MORPHOLOGY 
CHANGES 
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from local datasets including realised projects from local urban master plans 2030.  The expansion of 

the city (evolving LULC information) is not included; 

• S05’: Realised projects – no urban expansion – Urban Planning scenario 2026-2045: analysis of the 

UHI effect for the near future situation (2026-2045) using urban morphology parameters extracted 

from local datasets including realised projects from local urban master plans 2030.  The expansion of 

the city (evolving LULC information) is not included; 

• S07: Increase green roofs : analysis of the UHI effect for the past/present situation (1986-2005) using 

urban morphology parameters extracted from local datasets and with different settings for the 

coverage of green roofs to analyse the mitigation effect on the UHI exposure; 

• S07’: Increase green cover (no changes): analysis of the UHI effect for the past/present situation 

(1986-2005) using urban morphology parameters extracted from local datasets and with different 

settings for the green cover to analyse the mitigation effect on the UHI exposure; 

• S08: Increase albedo buildings: analysis of the UHI effect for the past/present situation (1986-2005) 

using urban morphology parameters extracted from local datasets and with different settings for the 

albedo (reflectivity) of the buildings to analyse the mitigation effect on the UHI exposure. 

3.2.1 Extracting of heat stress variables  

To map the heat stress, the first step is to extract heat stress parameters from UrbClim model output for 

every scenario. Therefore we had first to understand and assess the UrbClim model output dataset, then set 

up a methodology and automated processes to calculate heat wave statistics for each scenario and for 

every time period considered. 

a) UrbClim output data assessment 

The UrbClim output data is stored in 20 raster files in netCDF format, one file per year of the considered 

time frame. Each file compiles the information in 153 bands, one band per day of the period from the 1st 

May to the 30 September. Each band contains attributes such as latitude and longitude of grid cell center, 

daily average temperature (Tmean), daily maximum temperature (Tmax), daily minimum temperature 

(Tmin), and maximum apparent temperature (Tapp_max) of the considered day. 
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Figure 8: UrbClim Output data netCDF files 

The relevant attributes identified to calculate the considered heat stress parameters are:  

• Latitude and longitude of the center of the grid cell, 

• Daily maximum temperature,  

• Daily minimum temperature. 

b) Extracting heat waves and statistics 

To identify heat wave days and calculate the statistics, we applied the definition of heat wave day used by 

the federal agency for public health in Belgium, but adapted to be used worldwide. It defines a day as being 

part of a heat wave if both the following conditions are met: 

• The three-day moving average minimum temperature is higher than the 98th percentile of the 

minimum temperatures over the period May-September under current climate conditions;  

• The three-day moving average maximum temperature is higher than the 98th percentile of the 

maximum temperatures over the period May-September under current climate conditions. 

The minimum and maximum rural temperature is used as reference temperature. To calculate the rural 

temperature, the 98th percentile of the parameter in time is taken on every grid point (cell centre). On the 

resulting map, we take the spatial 10th percentile to obtain the rural temperature value. It is important to 

note that only grids cells above land are taken in consideration. We neglect the grid cells having a land use 

land cover (LULC) value equal to water. 

Next to the number of days, that can be counted using this method, a system taking into account the 

intensity of the heat waves can be defined: 
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� (𝑇𝑚𝑚𝑚������ − 𝑃98𝑇𝑚𝑖𝑚 + 𝑇𝑚𝑚𝑚������ − 𝑃98𝑇𝑚𝑚𝑚)
𝐷𝑚𝐷 𝑖𝑖 𝑝𝑚𝑝𝑝 𝑜𝑜 ℎ𝑒𝑚𝑝 𝑤𝑚𝑤𝑒

 

In other words, this quantity represents the sum of the exceedances of the limit values on heat wave days. 

As such, this indicator does not only track the length of the heat wave but also the strength of the heat 

wave. 

By applying this approach, we have a methodology that can easily be applied to every city in Europe and 

takes the varying climate condition from city to city into account. 

c) Results 

The output of these calculations is two heat stress variables the urban-rural temperature increment at 

11pm (UHI – Urban Heat Island effect at 11pm) and the average number of heat wave days per year 

together with their duration and intensities. The coordinate system of these data is specific to each city. 

3.2.2 Generating Heat Stress map 

The two heat stress variables, “the average number of heat wave days per year” and the “urban heat island 

effect at 11pm”, were mapped for the base scenario 1986-2005. Other scenarios and time frames were only 

mapped for “average number of heat wave days per year” stress parameter. The reasons are that the UHI 

effect is typically relatively stable over future timescales (although the absolute temperatures for both 

urban and rural areas increase) and that the impact of the urban plans on the UHI at city scale with the 

present resolution is rather limited (local climate models with finer resolution are needed to assess their 

true impact). 

Each of these parameters was calculated per grid cell and per statistical unit. Mapping the heat stress 

variables at the level of statistical unit is interesting for decision makers to identify areas at risk to take in 

consideration in master plans, green plans or local plans but also in “emergency/communication plans” to 

improve public health responses to extreme weather/heat-waves. With this mapping type, the information 

is averaged to statistical units and therefore it is also relevant to visualize parameters at grid cell level (250m 

of resolution). 

Class Intervals of each maps has been chosen in order to be the same between the two maps of each 

scenario, per grid cell and per statistical unit.  A maximum number of 7 classes was applied. In cartography, 

the number of classes determines the amount of details that can be read/viewed from the map, so the 

higher the better. It has however to follow visual constraints. With a higher number of classes than 7, the 

information is not any more readable.  

The layout of the maps contains the map elements such as title, description, numeric and graphic scale, 

north arrow,  legends , logos, coordinate system and credits note as shown in the below examples. Note 

that the coordinate system of the data is specific to each city. 
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A subset of the results is presented below for the three target cities, Almada, Antwerp and Berlin. The full 

set of maps, data and metadata are available on the internal area of the NACLIM Website.  

  

Figure 9: Internal NACLIM Website 

a) Almada Heat Stress maps 

The following table lists the Almada heat stress maps. Associated to these maps, metadata documents 

describing the maps contents and the data were created per scenarios data.  All maps, data and metadata 

documents are available on internal area of NACLIM Website.  

 
Table 2: Almada heat stress maps 

  

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

FAR FUTURE
(2081-2100)

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Heat stress maps
Average number of heatwave days per year  per 
grid cell

X X X X X

Average number of heatwave days per year per 
statistic units

X X X X X

UHI effects at 11pm per grid cell X

UHI effects at 11pm per statistic units X

BASE SCENARIOS URBAN PLANNING SCENARIOS
TYPE MODELLED HEAT STRESS VARIABLE
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Below, we present a few examples of maps. 

  
Figure 10: Base scenario 1986-2005, Average number of heat wave days per year per statistical unit 

 

 

Figure 11: Base scenario 1986-2005, Urban Heat Island effect at 11pm per grid cell 
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Figure 12: Base scenario 2026-2045, Average number of heat wave days per year per statistical unit 

 

  

Figure 13: Urban Planning scenario 2026-2045, Average number of heat wave days per statistical unit 
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Figure 14: Base scenario 2081-2100, Average number of heat wave days per year per grid cell  

 

b) Antwerp Heat Stress maps 

The following table lists the Antwerp heat stress maps. Associated to these maps, metadata documents 

describing the maps contents and the data were created per scenarios data.  All maps, data and metadata 

documents are available on internal area of NACLIM Website.  

 
Table 3: Antwerp heat stress maps 

  

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

FAR FUTURE
(2081-2100)

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Heat stress maps
Average number of heatwave days per year  per 
grid cell

X X X X X

Average number of heatwave days per year per 
statistic units

X X X X X

UHI effects at 11pm per grid cell X

UHI effects at 11pm per statistic units X

URBAN PLANNING SCENARIOSBASE SCENARIOS
TYPE MODELLED HEAT STRESS VARIABLE
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Below, we present a few examples of maps. 

  
Figure 15: Base scenario 1986-2005, Average number of heat wave days per year per statistical unit 

 

 

Figure 16: Base scenario 1986-2005, Urban Heat Island effect at 11pm per grid cell 
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Figure 17: Base scenario 2026-2045, Average number of heat wave days per year per statistical unit 

 

  

Figure 18: Urban Planning scenario 2026-2045, Average number of heat wave days per statistical unit 
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Figure 19: Base scenario 2081-2100, Average number of heat wave days per year per grid cell  

 

c) Berlin Heat Stress maps 

The following table lists the Berlin heat stress maps. Associated to these maps, metadata documents 

describing the maps contents and the data were created per scenarios data.  All maps, data and metadata 

documents are available on internal area of NACLIM Website.  

 
Table 4: List of Berlin Heat stress maps 

  

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

FAR FUTURE
(2081-2100)

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Heat stress maps
Average number of heatwave days per year  per 
grid cell

X X X X X

Average number of heatwave days per year per 
statistic units

X X X X X

UHI effects at 11pm per grid cell X

UHI effects at 11pm per statistic units X

URBAN PLANNING SCENARIOS
TYPE MODELLED HEAT STRESS VARIABLE

BASE SCENARIOS
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Below, we present a few examples of maps. 

  
Figure 20: Base scenario 1986-2005, Average number of heat wave days per year per statistical unit 

 

 

Figure 21: Base scenario 1986-2005, Urban Heat Island effect at 11pm per grid cell 
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Figure 22: Base scenario 2026-2045, Average number of heat wave days per year per statistical unit 

 

  

Figure 23: Urban Planning scenario 2026-2045, Average number of heat wave days per statistical unit 
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Figure 24: Base scenario 2081-2100, Average number of heat wave days per year per grid cell  
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3.3 Heat Stress Exposure Risk mapping 

Periods of extreme heat pose a risk to the health of individuals, especially the elderly, the very young, and 

the chronically ill. Mapping spatial vulnerability provide information to target heat-related health risks by 

aiding policy advisors, urban planners, healthcare professionals, and ancillary services to develop heat wave 

preparedness plans at a local scale (Loughnan M. et al, 2012). To identify heat stress exposures risks, we 

combined predicted urban climate fields with spatially explicit vulnerability maps (population density, age 

structure, vulnerable location …). 

3.3.1 Selection of socio-economic themes 

To identify relevant socio-economic data, a literature review of articles studying the impact of heat wave on 

human health was done at the beginning of the WP4.2 project. The outcome pointed out several variables 

increasing the heat stress. We classified them in different themes such as demographic variables (age 

classes, gender…), health condition variables (disease, medication…), social condition variables (isolated 

people, poverty…) and other risk factors. A heat stress risk indicator was assigned to each variable.  The 

below tables shown the classification of variables according to risk of heat stress. 

 
Legend: -1 = higher risk of heat stress; 0 = intermediate; +1 = lower risk of heat stress 

Table 5: Demographic variables and risk of heat stress 

  
Legend: -1 = higher risk of heat stress; 0 = intermediate; +1 = lower risk of heat stress 

Table 6: Social condition variables and risk of heat stress 

Demographic Risk indicator
Age Infants 0-4 -0,5

4-14 0,0
15-64 0,0
65-74 -1,0
75-84, 85-94, 95+ -1,0

Gender Woman -0,5
Male 0,0

Status Married 0,0
Single -0,5

Age and gender Female and elderly or very elderly -1,0
Age and status Single and elderly or very elderly -1,0
Age, gender and status Single, man and elderly or very elderly -1,0

Social condition Risk indicator
Low economic status (poverty; low income) -1,0
Poor housing conditions -1,0
Low educational level -1,0
Being homeless -1,0
Social isolation -1,0
Not leaving home daily -1,0
Lack of access to air conditioning at home -1,0
Lack of access to health care -1,0
Living in institution (e.g. nursing home) -1,0
Use of electricity fan 1,0
Taking showers or baths 1,0
Visiting cool environment 1,0
Increasing social contact 1,0
Working air condition 1,0
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Legend: -1 = higher risk of heat stress; 0 = intermediate; +1 = lower risk of heat stress 

Table 7: Health condition variables and risk of heat stress 

 

Legend: -1 = higher risk of heat stress; 0 = intermediate; +1 = lower risk of heat stress 

Table 8 : Other variables and risk of heat stress 

Health condition Risk indicator
Fatigue -1,0
sleep deprivation -1,0
low fitness -1,0
Endocrine system disease Diabetes mellitus -1,0

Other endocrine disorders -1,0
Psychatric disease Organic mental disorders -1,0

dementia -1,0
Alzheimer disease -1,0
Substance misuse disorders -1,0
Schizophrenia -1,0
schizotypal -1,0
delusional disorders -1,0

Neurological system diseases Parkinson’s disease -1,0
involving cognitive impairment -1,0

Cardiovascular system diseases hypertension -1,0
coronary artery disease -1,0
heart conduction disorders -1,0

Respiratory system disease
Diseases of the respiratory system, chronic 
lower respiratory disease

-1,0

Renal system diseases renal failure -1,0
kidney stones -1,0

Obesity/overweight -1,0

Other chronic diseases
absence of sweat glands in people with 
scleroderma, high loss of electrolytes through 
sweating in those with cystic fibrosis

-1,0

Medication Anti-cholinergics -1,0
Antipsychotics -1,0
Antihistamines -1,0
Anti-Parkinson agents -1,0
Antidepressants -1,0
Anxiolytics and muscle relaxants -1,0
Antiadrenergics and beta-blockers -1,0
Sympathomimetics -1,0
Antihypertensives and diuretics -1,0
Antiepileptics -1,0

antiemetics,anti-vertigo drugs, gastrointestinal 
drugs, urinary incontinence drugs

-1,0

Other risk factors Risk indicator

lack of acclimatization
Short-term heat acclimatization usually takes 
3–12 days 

-1,0

dehydration reduced food and liquid uptake -1,0
intestinal problems -1,0
alcohol abuse -1,0

drugs abuse phenotiazines and barbiturates -1,0
High level exercice -1,0
Protective clothes -1,0
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Based on that classification and on end-users requirements, two socio-economic themes were taking into 

consideration: “Population” and “Vulnerable institutions”.  

The two themes are subdivided in different variables: 

Population 

• Total population 

• Population density 

• Age classes  

Vulnerable institutions 

• Hospitals 

• Childcare center 

• Rest homes institution 

• Schools and university 

The variables are combined with the heat stress variable “average number of heat wave days per year” to 

produce Heat Stress Exposure Risk maps.  The list of maps produced in this project is dependent on data 

availabilities. 

  
Table 9: List of Heat Stress Exposure Risk Maps 

A brief description of the various maps is given below: 

• E01 - Vulnerable population - today (total): identification of total vulnerable population (total 

population and population density per ha per statistical units) affected by the considered heat stress 

variable for the past/present situation (1986-2005). 

• E02 - Vulnerable population - near future (total): identification of total vulnerable population (total 

population units and population density per ha per statistical units) affected by the considered heat 

stress variable for the near future situation (2026-2045). 

• E03 - Vulnerable population - today (age class): identification of vulnerable population affected by 

the considered heat stress variable classified by age class for the past/present situation (1986-2005). 

E01 Vulnerable population - today (total) X
E02 Vulnerable population - near future (total) X
E03 Vulnerable population - today (age class) X
E04 Vulnerable population - near future (age class) X
E07 Vulnerable population - today (schools) X
E09 Vulnerable population - today (childcare) X
E11 Vulnerable population - today (hospitals) X
E13 Vulnerable population - today (rest homes) X

URBAN PLANNING 

Population

Vulnerable institutions

THEME ID
EXPOSURE RISK MAP
Heat stress variable: 
Number of heatwave days / year

BASE SCENARIOS
PAST - 

PRESENT
NEAR 

FUTURE
FAR 

FUTURE
PAST - 

PRESENT
NEAR 

FUTURE
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• E04 - Vulnerable population - near future (age class): identification of vulnerable population 

affected by the considered heat stress variable classified by age class for the near future situation 

(2026-2045). 

• E07 - Vulnerable population - today (schools): identification of vulnerable population with a focus on 

school institutions affected by the considered heat stress variable for the past/present situation 

(1986-2005). 

• E09 - Vulnerable population - today (childcare):  identification of vulnerable population with a focus 

on childcare institutions affected by the considered heat stress variable for the past/present situation 

(1986-2005). 

• E11 - Vulnerable population - today (hospitals): identification of vulnerable population with a focus 

on hospitals affected by the considered heat stress variable for the past/present situation (1986-

2005). 

• E13 - Vulnerable population - today (rest homes):  identification of vulnerable population with a 

focus on rest homes affected by the considered heat stress variable for the past/present situation 

(1986-2005). 

 

 

3.3.2 Processing city socio-economic data  

Subsequently to the selection of socio-economic themes, the input data received from the end-users was 

processed and homogenized in order to be integrated in the next step, i.e. the combination of the heat 

stress variable and the socio-economic data. The table below lists the socio-economic data that has been 

generated. 
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Table 10: Resulting socio economic variables 

 

3.3.3 Combining city socio-economic data with heat stress value 

Socio economic variables were then combined with the heat stress parameter, average heat wave days per 

year and compiled in a specific dataset. All combined parameters per city are listed in the following tables. 

Antwerp Population Total population 2014
Population density inhabitants per hectare 2014
Total population 2030
Population density inhabitants per hectare 2030
Number of inhabitants aged 0 to 4 years 2014
Number of inhabitants aged 0 to 17 years 2014
Number of inhabitants aged 18 to 65 years 2014
Number of inhabitants aged +65 years 2014

Vulnerable institutions Number of schools 2014
Number of childcare centers 2014
Number of hospitals 2014
Number of elderly stay facilities 2014

Almada Population Total population 2011
Population density inhabitants per hectare 2011
Number of inhabitants aged 0 to 19 years 2011
Number of inhabitants aged 20 to 65 years 2011
Number of inhabitants aged +65 years 2011

Vulnerable institutions Number of childcare centres 2014
Number of hospitals 2014
Number of schools 2014
Number of schools and universities 2014
Number of universities 2014
Number of resthomes 2014

Berlin Population Total population 2013
Population density inhabitants per hectare 2013
Total population 2030
Population density inhabitants per hectare 2030
Number of inhabitants aged 0 to 17 years 2013
Number of inhabitants aged 18 to 65 years 2013
Number of inhabitants aged +65 years 2013
Number of inhabitants aged 0 to 17 years 2030
Number of inhabitants aged 18 to 65 years 2030
Number of inhabitants aged +65 years 2030

Vulnerable institutions Number of schools 2014
Number of childcare centers 2014
Number of hospitals 2014
Number of elderly stay facilities 2014

CITY THEME EXPOSURE MAP VARIABLE
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Table 11: Almada heat stress exposure risk maps 

 

 
Table 12: Antwerp heat stress exposure risk maps 

BASE SCENARIO

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Population Total population 2011 X X

Population density inhabitants per hectare 2011 X X

Number of inhabitants aged 0 to 19 years 2011 X

Number of inhabitants aged 20 to 65 years 2011 X

Number of inhabitants aged +65 years 2011 X

Vulnerable institutions Number of childcare centres 2014 X

Number of hospitals 2014 X

Number of schools 2014 X

Number of schools and universities 2014 X

Number of universities 2014 X

Number of resthomes 2014 X

THEME EXPOSURE MAP VARIABLE MODELLED HEAT STRESS VARIABLE

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year

URBAN PLANNING 
SCENARIO

BASE SCENARIO

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Population Total population 2014 X

Population density inhabitants per hectare 2014 X

Total population 2030 X

Population density inhabitants per hectare 2030 X

Number of inhabitants aged 0 to 4 years 2014 X

Number of inhabitants aged 0 to 17 years 2014 X

Number of inhabitants aged 18 to 65 years 2014 X

Number of inhabitants aged +65 years 2014 X

Vulnerable institutions Number of schools 2014 X

Number of childcare centers 2014 X

Number of hospitals 2014 X

Number of elderly stay facilities 2014 X

THEME EXPOSURE MAP VARIABLE MODELLED HEAT STRESS VARIABLE

URBAN PLANNING 
SCENARIO

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year
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Table 13: Berlin heat stress exposure risk maps 

 

3.3.4 Generating heat stress exposure risk maps 

A first draft of Heat Stress Exposure Risk maps was defined and provided to the end-users for validation. 

Based on their comments a final version was created. 

Mapping Heat Stress Exposure Risk is to create a thematic map with two quantitative attributes (variables) 

at the level of statistical units. The heat stress variable, average number of heat wave day per year was 

taken as main attribute and mapped in four classes according to the considered scenario and time frame.  

The color ramp from green to red is ideal to map the lowest values of number of heat wave days in green 

and the highest values in red. Intermediate values are mapped yellow and orange. The different classes and 

their color are showed in the below table. 

Base scenario 1986-2005 Urban Planning scenario 2045-2026 Colour 

< 1 heat wave day per year  0 to 4 heat wave days per year Green 

> 1 to 2,5 heat wave days per year > 4 to 8 heat wave days per year yellow 

> 2.5 to 4 heat wave days per year > 8  to 10 heat wave days per year Orange 

> 4 heat wave days per year > 10 to 14 heat wave days per year Red 

Table 14: Heat stress variables classes and colours 

BASE SCENARIOS

PAST - PRESENT
(1986-2005)

NEAR FUTURE
(2026-2045)

Population Total population 2013 X

Population density inhabitants per hectare 2013 X

Total population 2030 X

Population density inhabitants per hectare 2030

Number of inhabitants aged 0 to 17 years 2013 X

Number of inhabitants aged 18 to 65 years 2013 X

Number of inhabitants aged +65 years 2013 X

Number of inhabitants aged 0 to 17 years 2030 X

Number of inhabitants aged 18 to 65 years 2030 X

Number of inhabitants aged +65 years 2030 X

Vulnerable institutions Number of schools 2014 X

Number of childcare centers 2014 X

Number of hospitals 2014 X

Number of elderly stay facilities 2014 X

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year

Average number of heatwave days per year

URBAN PLANNING 
SCENARIOSTHEME EXPOSURE MAP VARIABLE MODELLED HEAT STRESS VARIABLE
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To create vulnerability index, we mapped the exposure variables as subclass of the heat stress variable with 

a maximum of three 3 classes in graduated color ramp based on the color of the heat stress variable. These 

classes are specific to each data type and each city.  

The layout of the maps contains the map elements such as title, description, numeric and graphic scale, 

north arrow, legend, logos, coordinate system and credits note as shown in the examples below. 

A subset of the results, maps showing area at risk and vulnerable population, are presented below for the 

three target cities, Almada, Antwerp and Berlin. All maps, data and metadata are available on the internal 

area of the NACLIM Website.  

 

a) Population density 

In highly dense populated areas, the consequences of heat wave days are higher than less dense areas. 

Furthermore high population density is correlated with high building density and low share of green and 

blue areas and it can contribute to increase the urban heat island effect in cities. Mapping population 

density, with UHI prediction at the present situation and at near future, can benefit for decision makers and 

urban planners to take that risk in account.   

  
Figure 25: Base scenario 1986-2005, Almada - Population density 
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Figure 26: Urban planning scenario 2026-2045,  Almada - Population density 

 

  
Figure 27: Base scenario 1986-2005, Antwerp - Population density 
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Figure 28: Urban planning scenario 2026-2045,  Antwerp - Population density 

 
Figure 29: Base scenario 1986-2005, Berlin - Population density 

 

b) Number of inhabitants aged 65 years or more  

Larger heat stress impacts are seen on elderly population. Several studies identify clearly links between 

meteorological variables and mortality of elderly population (WHO, Euroheat 2009, Table 3, p12).  
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Figure 30: Base scenario 1986-2005, Almada - Number of inhabitants aged 65 years or more 

 

  
Figure 31: Base scenario 1986-2005, Antwerp -  Number of inhabitants aged 65 years or more 
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Figure 32: Base scenario 1986-2005, Berlin -  Number of inhabitants aged 65 years or more 

 

c) Number of hospitals and rest homes 

Mapping hospitals and rest homes and overlaying this information with heat stress variables brings useful 

and relevant information for public health awareness plan as well as for urban planning. 

  
Figure 33: Base scenario 1986-2005, Almada - Number of hospitals 
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Figure 34: Base scenario 1986-2005, Antwerp - Number of hospitals 

 

 
Figure 35: Base scenario 1986-2005, Berlin - Number of hospitals 
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Figure 36: Base scenario 1986-2005, Almada - Number of rest homes 

 

 
Figure 37: Base scenario 1986-2005, Antwerp - Number of rest homes 
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Figure 38: Base scenario 1986-2005, Berlin - Number of rest homes 
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3.4 High-resolution heat stress mapping and adaptation scenarios  

In this section we describe the method to calculate urban heat stress at a very high resolution, based on 

detailed 3-D urban cadastre files. We present results of this calculation, as well as from scenario 

simulations, for the cities of Almada and Berlin. Results for Antwerp were not ready by the time of writing; 

these will be relegated to a later deliverable.  

3.4.1 Mean Radiant Temperature 

The effect of heat stress on a human body can be quantified by the Mean Radiant Temperature (MRT), 

which is a fictional temperature, defined as the temperature of an ideal black body with the same surface 

area as an average human and exposed to the same radiation load. The MRT is an internationally recognized 

thermal comfort index (www.utci.org), and is twice as important as the air temperature in defining thermal 

comfort during the day. A schematic overview of the radiation load on a human body in a city environment 

is given in Figure 2. 

 

Figure 2: Simplified scheme of the radiation load on a human body in an urban environment. 

The radiation components are: 

• QSW,direct   : Direct shortwave radiation from the sun. When people are in areas without shading, this 

component will be dominant for their thermal comfort. 

• QSW,diffuse : Diffuse shortwave radiation from the sun. Solar radiation is scattered by the atmosphere 

and reaches the surface from all angles. This can be an important component of the radiation load, 

especially in cloudy conditions. 

QLW,surf

QSW,diffuse

QSW,direct

QLW,env

QLW,sky

http://www.utci.org/
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• QLW,surf, QLW,env : Longwave radiation from the surface and the environment. Building materials and 

vegetation heat up due to the incoming solar radiation and will be emitting more and more longwave 

thermal radiation themselves as their temperatures rise, even after sunset. 

• QLW,sky : Longwave radiation from the sky. Also the atmosphere itself emits longwave radiation due to 

its temperature. This radiation comes from all directions and its amount will depend on the fraction 

of the sky that is visible for a person, the so-called sky view factor. 

All these components contribute to the heating of the human body. Of course, the body also emits thermal 

longwave radiation to cool down, depending on the body temperature and the emissivity of the skin and 

the clothes, which we need to take into account.  

Note that there are 2 radiation components that we will ignore in our calculations: the reflected short- and 

longwave radiation. The reflected longwave radiation is mostly very small, the reflected shortwave radiation 

can sometimes be relatively large, especially when there are buildings with a lot of windows or in light 

colours, but since we don’t have these details in our data, it is impossible to make a realistic estimation of 

this effect. 

As mentioned before, we need to derive the Sky View Factor (SVF) in order to calculate the MRT. This is the 

fraction of the sky that is visible from the earth surface and is illustrated in Figure 3. In an open field, the 

complete sky will be visible and the SVF will be 1. In an urban environments, buildings will block the view 

and the SVF will be lower than 1. 

 

Figure 3: Illustration of the Sky View Factor. 

To derive the SVF, we need a 3D model of the buildings of the cities, which were provided to us by the user 

cities of NACLIM. The SVF is calculated with a resolution of 1m with the ‘lighting module’ of SAGA GIS, an 

open source GIS software. 
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Figure 4: Detail of the sky view factor map for the city of Antwerp. The lowest values occur in small street 

canyons. 

Also the direct and diffuse shortwave radiations from the sun are calculated in the SAGA GIS lighting 

module, based on the 3D model. We calculate the radiation for a hot day during summer, at the moment 

that the sun is at its highest elevation (14h), and assuming that there are no clouds. We also include the 

effect of shading by vegetation (trees), by selecting all vegetation that is higher than 2m and assuming that 

it blocks 80% of the direct and 50% of the diffuse shortwave radiation.  

The longwave radiation from the surface and the environment is calculated by using the land surface 

temperature of the UrbClim model (100m resolution). Hence, this is an average value for buildings, 

vegetation and the ground surface. 

 

With  

•  : Stefan-Boltzman’s constant ( 5.670373e-8 W m-2 K-4 ). 

• 𝜀𝑖𝑠𝑝𝑜: emissivity of the surface (typical value of 0.96) 

• 𝑇𝑖𝑠𝑝𝑜: Land surface temperature from the UrbClim model (K) 
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The longwave radiation from the sky is calculated by using the 2m air temperature and humidity of the 

UrbClim model, following Choi et al. (2008): 

𝜀𝑖𝑠𝐷 = 1 − ��1 + 46.5
𝑞𝑤
𝑇𝑖𝑠𝐷

� exp − (1.2 + 46.5 × 3.0
𝑞𝑤
𝑇𝑖𝑠𝐷

)0.5� 

𝑄𝐿𝐿
𝑖𝑠𝐷 = 𝜀𝑖𝑠𝐷𝜎𝑇𝑖𝑠𝐷4  

With 

• 𝑇𝑖𝑠𝐷: 2m air temperature from the UrbClim model (K) 

• 𝑞𝑤: 2m specific humidity from the UrbClim model (g kg-1) 

We assume that a person is exposed for 50% to longwave radiation from the surface and for 50% to 

longwave radiation from the sky. However, in an urban environment, the view on the sky is blocked by 

buildings and vegetation, so here is where the sky view factor comes into play: 

 

Finally, the MRT for a person exposed to short- and longwave radiation from a number of sources i is 

calculated as follows (Thorsson et al., 2007; www.utci.org):  

 

with 

•  : emissivity of the human body (typical value of 0.97) 

• ah : absorption coefficient of the human body for shortwave radiation (typical value of 0.7, Thorsson 

et al., 2007) 

• Fi : view factor for source i 

• fp : projected area factor for a typical person 

This last factor (fp) translates the incident solar radiation on a horizontal surface to a theoretical cylinder 

representing a human body, depending on the solar elevation (www.utci.org).  

http://www.utci.org/
http://www.utci.org/
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Figure 5: Visualisation of the projected area factor. 

To conclude, the MRT maps that will be produced for the three NACLIM user cities will show the spatial 

variation of the MRT for one specific moment in time: the situation at 14h on a selected hot summer day. 

 

3.4.2 Adaptation scenarios 

As mentioned before, we are not only interested in assessing the daytime outdoor heat stress for the 

current situation in the three cities, we also would like to know which potential adaptation measures are 

best to use in order to reduce the heat stress in public areas. Therefore, we will investigate the impact of 5 

adaption scenarios. The selected scenarios are applied in a rather extreme way, to see the maximal effect 

that can be obtained. 

a) white roofs 

A relatively cheap adaptation measure to cool outdoor temperatures is to make the roofs of the buildings in 

a city more reflectant to solar radiation by whitening them. White roofs will not heat up as much as dark 

ones, resulting in less thermal radiation to heat up the air over a city. From the scientific literature it is know 

that this can have a mean cooling effect of ~0.5°C on outside air temperatures in summer (Rosenzweig et 

al., 2009; Schubert et al., 2013). 

The measure is implemented in the UrbClim model by calculating the % of each grid cell that is occupied by 

buildings (based on the 3D building data), and changing the albedo of this area to 70%. This means that we 

assume that all of the roofs of a city are painted in white. Since we only whiten the roofs of the buildings, 

we assume that the solar radiation at ground level, in the streets, is unchanged. 

Note that white roofs not only have an impact on outdoor temperatures, they also have a strong cooling 

effect on indoor temperatures and reduce the energy costs for air conditioning. However, in this study we 

will focus solely on their effect on outdoor thermal comfort. 
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b) Green roofs 

Another popular measure to tackle heat stress and the UHI in a city is the construction of green roofs. 

Green roofs cool the air through evaporation from the vegetation and having a higher albedo than normal 

building materials. The scientific literature suggests that the effect of green roofs on outside air 

temperatures is around 0.5°C on a hot summer day (Gromke et al., 2014). 

The measure is implemented in the UrbClim model by calculating the % of each grid cell that is occupied by 

buildings (based on the 3D building data), and changing the vegetation cover and soil sealing values of this 

area to respectively 100 and 0%. By changing the vegetation cover, also the albedo, heat capacity,.. etc. are 

changed. This means that we assume that all of the roofs of a city are converted to green roofs. Since this 

only affects the roofs of the buildings, we assume that the solar radiation at ground level, in the streets, is 

unchanged. 

Note that also green roofs not only have an impact on outdoor temperatures, they also reduce rainfall 

runoff and provide extra isolation for the buildings. Again, in this study we will focus solely on their effect on 

outdoor thermal comfort. 

c) Planting trees in 10/25/50% of available public space 

A third widespread measure to tackle heat stress is greening the city by planting trees. Trees provide shade 

and cool the air by evaporating water. The effect of trees on air temperatures has already received a lot of 

attention in scientific studies. It proves to be an efficient measure to cool a city: a park or row of trees has a 

cooling effect of about 1.5°C on a warm day (Fallmann et al., 2013; Gromke et al., 2014). 

To implement the measure in the UrbClim model, first the amount of available public space is calculated. 

This is done by calculating the % of each grid cell that is occupied by buildings or existing trees. The 

remaining fraction of the grid cells that are classified as ‘urban’ is considered as available (including streets, 

parking lots, grass fields,…). Hence we exclude non-urban grid cells since we want to tackle heat stress in 

the city area, not on the countryside. Secondly, three scenarios are considered: randomly 10, 25 or 50% of 

the available grid cells of the 1m resolution grid are converted to trees. For these pixels, the direct and 

diffuse solar radiation is reduced by respectively 80 and 50%, as was the case for the existing trees. 

Furthermore, in the corresponding fraction of the UrbClim grid cell, the vegetation cover and soil sealing 

values are changed to 100 and 0%.  

Note that this measure has no effect on indoor temperatures (unless the shade of the trees falls on a 

building). Also, it’s not always easy to plant trees everywhere in a city since they need enough rooting depth 

and water. A careful selection of the right type of tree is necessary. 
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3.4.3 Results for Almada 

From the model evaluation simulations that were performed during the first year of the NACLIM project, we 

selected a very hot day, the 6th of July 2013, with air temperatures >40°C, to investigate the MRT and the 

adaptation measures. Figure 6 shows both the air temperatures at 14h on this selected day, and the UHI 

situation at midnight since we will also investigate the impact of the adaptation measures on the UHI. 

 

 

Figure 6: 2m air temperatures at 14h (left) and the UHI at midnight (right) on the 6th of July 2013. 

 

Following the methodology described in Section 2, we used both the output from the UrbClim model (land 

surface and air temperatures, humidity) and the 3D building and vegetation datasets to create the 1m 

resolution MRT map for the situation at 14h on the 6th of July 2013 (Figure 7). 
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Figure 7: Mean Radiant Temperature map for the city of Almada on the 6th of July 2013 at 14h. 

As mentioned before, the MRT values are much higher than normal air temperature values, since also the 

radiation provides extra warming, and range between 30 and 70°C. The coolest locations on the map are 

found where there are trees, which provide shading and cooling through evaporation. In these locations, 

people don’t experience heat stress (MRT<40°C). Also over the sea surface, the MRT is low. Everywhere 

else, the map looks reddish, meaning that people will experience heat stress (MRT>40°C) and even high 

heat stress (MRT>60°C) in the dark red places. Figure 8 shows a detail of the MRT map over the West coast 

of Almada (Costa da Caparica). Clearly, the highest MRT values are found in small street canyons between 

large buildings were the radiation is ‘trapped’ (low sky view factor), and the buildings emit a lot of thermal 

radiation due to their high surface temperatures. 
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Figure 8: Detail of the MRT map for the West coast of Almada. 

To assess the impact of the adaptation scenarios (see Section 3) on this map, the UrbClim model is rerun for 

the selected day (applying a 24h spin-up period) with the adapted land surface input data. Afterwards, the 

MRT map is calculated again and the differences with the original map are analysed for the urban areas, 

since these are the locations where we want to reduce the heat stress (Table 1). 
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Table 1: The effect of the adaptation scenarios on respectively the 2m air temperature at 14h, the UHI at 

midnight, the Mean Radiant Temperature at 14h, and the area (in %) where people experience heat stress 

(MRT>40°C) or high stress stress (MRT>60°C). Shown are the mean values for the UrbClim grid cells that are 

classified as ‘urban’. The column ‘Mean’ shows the mean change when applying a certain measure, the 

column ‘Max’ shows the maximal effect that can be obtained in a certain grid cell. 

 Ref White roofs Green roofs Trees 10% Trees 25% Trees 50% 

  Mean Max Mean Max Mean Max Mean Max Mean Max 

T2M 14h (°C) 40.3 -0.1 -0.6 +0.1 -0.3 = -0.1 +0.1 -0.2 +0.1 -0.3 

UHI 0h (°C) 3.3 = -0.2 -0.3 -2.8 -0.2 -1.3 -0.4 -1.9 -0.7 -2.6 

MRT 14h (°C) 53.1 -0.3 -21.1 -0.7 -20.1 -1.4 -32.7 -2.8 -33.6 -5.6 -33.6 

Area >40°C (%) 95.3 -0.2 / -0.5 / -3.2 / -8.9 / -27.3 / 

Area >60°C (%) 9.2 -1.6 / -4.9 / -3.0 / -5.0 / -7.4 / 

 

The first column of Table 1 shows the reference situation in the urban areas on this day, which is rather 

extreme, with mean air temperatures over 40°C, a mean UHI effect over 3°C and the mean MRT being 53°C 

(heat stress), with 95% of the urban areas experiencing heat stress and 9% experiencing high heat stress. 

The following columns show the area mean and local maximum effects the different adaptation measures 

have on the reference situation numbers. 

Overall, white roofs have a fairly minor effect on the heat stress indicators. Their only meaningful impact is 

on the extent of the high heat stress area, which is reduced by 17%. Locally, they can provide cooling of the 

air temperature up to 0.6°C, similarly as is reported in the literature, and of the MRT up to 20°C, but this is 

for a grid cell almost fully occupied by buildings, where you see a maximal effect. Green roofs have a bit 

more impact, especially on the area with high heat stress, which is reduced by almost 50%. During the day 

they have no cooling effect on the air temperatures, the cooling is only showing up in the midnight 

temperatures, when it can reach almost 3°C locally. Trees clearly have the strongest impact on the MRT, 

even when they occur in only 10% of the space. By providing shade, they can substantially reduce the areas 

where people experience heat stress. Their effect on air temperatures is smaller, you have to plant a lot of 

trees (50% of the public space) to get a substantial reduction of the air temperatures, which is in line with 

the results presented in the introduction. 
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3.4.4  Results for Berlin 

We followed the same strategy as in Almada and selected the hottest day from the validation simulations 

we performed during the first year of the NACLIM project, being the 10th of July 2002. The air temperatures 

were well over 30°C during that day, with an UHI effect around 5°C at midnight (Figure 9). The south-

easterly wind during that day blew a plume of hot air from the city to the northwest. 

  

Figure 9: 2m air temperatures at 14h (left) and the UHI at midnight (right) on the 10th of July 2002. 

Following the methodology described in Section 2, we used both the output from the UrbClim model (land 

surface and air temperatures, humidity) and the 3D building and vegetation datasets to create a 1m 

resolution MRT map for the situation at 14h on the 10th of July 2002 (Figure 10). However, since the building 

and vegetation datasets of Berlin are extremely detailed and large, it was not possible to process the 

datasets for the whole of Berlin at once, so we restricted the analysis to the city centre of Berlin. We are 

confident that this has no implications for the scientific value of the analysis. 

Also for Berlin, the MRT values are much higher than the air temperature values and range between 30 and 

70°C. The coolest location on the map is found in the Tiergarten park, where the trees provide shading and 

cooling through evaporation. Also in other locations with trees, people don’t experience heat stress 

(MRT<40°C). Everywhere else, the map is yellow to red, meaning that people will experience heat stress 

(MRT>40°C) and even high heat stress (MRT>60°C) in the dark red places in the street canyons. The 

situation is better than for the Almada case (the air temperatures are also much lower), but still the largest 

part of the urban area of Berlin experienced heat stress during this day. 
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Figure 10: Mean Radiant Temperature map for the city centre of Berlin on the 10th of July 2002 at 14h. 

To assess the impact of the adaptation scenarios (see Section 3) on this map, the UrbClim model is rerun for 

the selected day (applying a 24h spin-up period) with the adapted land surface input data. Afterwards, the 

MRT map is calculated again and the differences with the original map are analysed for the urban areas 

(Table 2). 
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Table 2: The effect of the adaptation scenarios on respectively the 2m air temperature at 14h, the UHI at 

midnight, the Mean Radiant Temperature at 14h, and the area (in %) where people experience heat stress 

(MRT>40°C) or high stress (MRT>60°C). Shown are the mean values for the UrbClim grid cells that are 

classified as ‘urban’. The column ‘Mean’ shows the mean change when applying a certain measure, the 

column ‘Max’ shows the maximal effect that can be obtained in a certain grid cell. 

 Ref White roofs Green roofs Trees 10% Trees 25% Trees 50% 

  Mean Max Mean Max Mean Max Mean Max Mean Max 

T2M 14h (°C) 32.8 = -0.2 -0.2 -0.5 = -0.1 -0.1 -0.2 -0.2 -0.5 

UHI 0h (°C) 4.3 = -0.3 -0.4 -2.0 -0.1 -0.6 -0.2 -1.1 -0.4 -1.8 

MRT 14h (°C) 47.1 -2.2 -5.7 -1.8 -7.8 -1.5 -22.1 -3.8 -22.8 -7.9 -22.7 

Area >40°C (%) 66.0 -6.8 / -7.7 / -7.2 / -18.3 / -29.7 / 

Area >60°C (%) 1.1 -1.0 / -1.1 / -0.5 / -0.8 / -1.0 / 

 

The first column of Table 2 shows the reference situation in the urban areas on this day, with mean air 

temperatures over 32°C, a mean UHI effect over 4°C and the mean MRT being 47°C (heat stress), with 66% 

of the urban areas experiencing heat stress and 1% experiencing high heat stress. The following columns 

show the area mean and local maximum effects the different adaptation measures have on the reference 

situation numbers. 

Overall, the results for the adaptation measures are more or less in line with the ones for Almada, especially 

for the air temperatures. However, white and green roofs seem to have a bigger effect on the MRT and the 

areas with heat stress in Berlin, probably because a larger fraction of the urban area in this part of Berlin is 

occupied by buildings. All the measures are able to almost completely get rid of the areas with high heat 

stress, whereas trees have again the largest effect on the area with heat stress. 
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3.5 Conclusions 

The objective of the task 4.2.3 “Impact of predicted climate on urban societies” is achieved. Primarily the 

urban climate predictions have been coupled to relevant socio-economic data. The selection of socio-

economic themes to be taken into account for the heat stress exposure mapping over urban societies has 

been based on literature, end-users requirements and data availabilities. Secondly, a set of Heat Stress 

Exposure Risk maps was made to assess the impact of the predicted urban climate on human health (heat 

stress).  

The objective of setting up a reproducible and automated methodology that can be applied to other 

European cities is reached with the data processing models developed to (1) extract heat stress variables 

from Urbclim model output and (2) combine the heat stress parameters with the socio-economic variables. 

Only the processing of local city data required custom data processing due to differences in the data format, 

structure, contents, level of detail, etc.  

Below a summary is given of the main feedback received from the end-users on the utility of the provided 

results: 

• Maps will be used to enhance communication to decision makers and citizens.  

• Geographical Information System (GIS) data will be integrated in end-users GIS infrastructure and 

used to create additional products (maps) or to be published on city geoportal. 

• Greening impacts studies will help validating greening adaptation measures of the Master Plan and 

Green plan 

On the other hand, the end-users also expressed their interest in additional services that are of relevance 

for them in their daily business and that were not covered within the scope of the current project.  These 

can serve as a basis for future follow-up activities / projects: 

• Improving UrbClim model resolution to provide UHI prediction to better/higher resolution. 

• Better resolution (100m) to suite with Master Plan which has a scale of 1/10.000.  

o Higher resolution to analyse particular hotspots in the city.  

• Extending the themes studied.  

o E.g. adding the theme such the natural hazards (flooding and soil erosion), the rainfall 

distribution and energy consumption to the scope of follow-up projects. 

• Creating additional maps including the difference between two variables.  

o E.g. heat wave day delta between Urban Planning scenario 2026-2045 and Base scenario 2026-

2045 to highlight the impact of local urban plans/ 

• Mapping variables with different class’s intervals definition. 

o E.g. maps with heat stress variable with the same class’s intervals definition for all base 

scenarios (1986-, 2026-2045, 2081-2100) to provide “dummy maps, to communicate clear and 

easily understandable message to decision makers. 
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• Creating a Geoportal with control on the parameters / socio-economic datasets.  A geoportal give 

access geographic information and associated geographic services (display, editing, analysis, etc.) via 

the Internet.  

• Providing additional validation of the results against observed / reference data  i.e. countercheck 

results with effective mortality statistics of the 1986-2005 periods 

Although a lot of effort was spent on the presentation of the results and making the maps understandable 

to every city, it’s very important that each map should be accompanied with the right information to ensure 

clear communication towards the public and other stakeholders.  This has been done by providing extensive 

metadata or can be updated later on if the maps are integrated into the applications / services offered by 

the cities towards their citizens. 
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5 Publications   

Peer reviewed articles:  

N/A 

Plan for future publication:  

N/A 

 

6 The delivery is delayed:   Yes 

Delay of deliverable D42.42: this is justified for the reason according to the requirements from the end-user 

cities. The report shall summarize the methodology used to analyse the impact of predicted urban climate 

on urban societies and presents the results for the three selected urban agglomerations.  

During the ongoing reporting period, extra work on the mean radiant temperature analysis and 

comparisons has been done for the cities, as D42.42 will be the last deliverable of this work package, we 

would like to include this extra part of work to it, in order to deliver a comprehensive report on the tasks 

that have been achieved, as well as the benefits that have been delivered to the end-user cities (Antwerp, 

Almada, Berlin) during the last reporting period. 

 

7  Changes made and difficulties encountered, if any 

We included in this deliverable a description of the method and results for calculating high-resolution 

thermal stress, and the impact of certain adaptation measures. While not planned initially (i.e., this is not in 

the proposal), the end-users from all three target cities convinced us of the relevance for them of doing this, 

so we decided to comply with that. This also explains the delay of the present deliverable. On the other 

hand, we believe we have made a valuable contribution which, while not perfect yet (e.g. only short time 

periods can be dealt with currently), opens perspectives for further development to yield truly long-term 

detailed high-resolution urban climate assessments.  
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8 Efforts for this deliverable 

Please estimate how many person-months have been used up for this deliverable 

Partner Person-months  Period covered 

GIM 9,5 1 May – 31 December 2015 

VITO 0 1 May – 31 December 2015 

Total 9,5  

Total estimated effort for this deliverable (DOW) was 9,5 person-months. The names of the scientist involved 

are mentioned on the cover page of this report. 

 

9  Sustainability  

• Lessons learnt: both positive and negative that can be drawn from the experiences of the work to 
date and 

In order to define users’ requirements, to present results, to ask feedbacks and to maximize the impacts of 

final products in order to integrate them in end-users master plan, additional workshops with end- users 

were organised. The involvement of end-user is clearly a positive aspect of the project. Moreover, it is 

sometimes difficult for end-users such as city to commit working hours to participate in a research project 

such as NACLIM, or to obtain permission to travel from their hierarchy.  

Every city access and use the results (maps and data) in a different way. Therefore the appropriated 

presentation (thematic mapping) is really important to feed their specific needs. The products are mainly 

used to raise the awareness to their decision makers. 

• Links built with other deliverables, WPs, and synergies created with other projects 

We were established links to CT1 and CT3. The cooperation with these two core themes were further 

developed at the annual meeting in Almada in October 2015. 

Contacts were taken and collaboration was discussed with IC3 department of Climate Services for Health 

(www.ic3.cat) which participates to EUPORIAS projects during previous reporting period. Concretely, these 

discussions between VITO and IC3 have led to the organisation of a research stay by an IC3 postdoc (Markel 

Garcia) at VITO, during the period 17 May – 2 June 2015. 

http://www.ic3.cat/
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10 Dissemination and uptake activities (May – December 2015) 

 Indicate here which type of activities from the following list: Publications, conferences, workshops, web, press releases, flyers, articles published in the popular 
press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 

 Indicate here which type of audience: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias ('multiple choices' is 
possible. 

Type of 

activities 

Main leader Title (+website reference) Date  Place  Type of audience Size of audience Countries addressed 

Poster GIM Session “Climate Services - Underpinning Science” – 
B. Thomas/M. Grommen: Bart Thomas and Mart 
Grommen  
Response of Urban Systems to Climate Change in 
Europe: Heat Stress Exposure and the Effect on 
Human Health 

12 – 17 Apr. 
2015 

EGU2015 
Vienna 

Scientific 
community 

> 1000 Worldwide 

Presentation GIM Session “Urban climate, urban heat island and 
urban biometeorology” –  
M. Grommen: Interaction between Cities and 
Climate Change: Modelling Urban Morphology and 
Local Urban Planning Scenarios from Open Datasets 
across European Cities 

12 – 17 Apr. 
2015 

EGU2015 
Vienna 

Scientific 
community 

100 Worldwide 
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{Additionally Standard Input}  

The complete list of dissemination activities is available on the NACLIM website @ http://naclim.zmaw.de/Dissemination.2509.0.html as well as the ECAS portal – RP: 

section “List of Dissemination Activities”. 

 

Uptake by the targeted audience: according to the DOW, your audience for this deliverable is: 

X The general public (PU) 

 The project partners, incl. the Commission services (PP) 

 A group specified by the consortium, incl. the Commission services (RE) 

 This reports is confidential, only for members of the consortium, incl. the Commission services (CO) 

 

This deliverable was included to ensure the timely availability of urban climate simulation results, in particular for use by NACLIM partner GIM, 
since GIM needs these data as input for further analysis and processing to generate maps containing human exposure to heat stress. VITO 
(providing the urban climate simulation results) and GIM have been holding regular (every few months) meetings to discuss issues related to 
model in- and outputs, hence we do not foresee any trouble regarding the uptake of the results described in this report.  

 

The actual data of VITO are available at the various national data centres, the model-run data tailor-made for the end-user cities are provided in 
the internal area of the project’s homepage, the interactive exchange among the project partners WP4.2/5.2 and the end-user cities takes place 
at numerous workshops and during the general assemblies of the project. Reg. data policy please refers to the data management of the project 
(http://naclim.zmaw.de/CT4-2-Data-Collection.2821.0.html)  

http://naclim.zmaw.de/Dissemination.2509.0.html
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