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This document is developed as part of the PUCS (Pan-European Climate Service) project, 
which has received funding from the European Union’s Horizon 2020 Research and 
Innovation programme, under the Grant Agreement number 730004 1 . For marketing 
purposes, the project name is changed to ‘Climate-fit.city’ for internal useage and 
communication to end-users and stakeholders. The “Urban climate data for demonstration 
cases” represents Deliverable 5.2 of Work Package 5 (WP5) – Urban climate data 
platform. The objective of PUCS is to establish services that translate the best available 
scientific urban climate data into relevant information for public and private end-users 
operating in cities. This will be achieved by demonstrating the benefits of urban climate 
information to end-users, considering the sectors of health, energy, emergency planning, 
urban planning, mobility, and cultural heritage. 
 
In the framework of the initial service demonstration cases (WP2), the climate service 
providers and end-users have organized workshops to co-design six concrete sectoral cases, 
to be implemented in Barcelona, Bern, Antwerp, Prague/Ostrava/Hodonín, Vienna, and 
Rome. One of the outcomes of these workshops are the concrete urban climate data needs 
to set up the service. Deliverable 5.1 documented the process of data needs collection and 
analysis by the climate data providers VITO and KULeuven. 
 
This Deliverable focusses on the production process of the required urban climate data for 
the six initial service demonstration cases. To this end, VITO has applied its urban climate 
model UrbClim to produce high-resolution heat stress and related meteorological variables, 
while KULeuven applied its statistical rainfall downscaling methodology to focus on 
precipitation and flooding. An overarching climate downscaling technique has been agreed 
upon between KU Leuven and VITO for the production of future climate data for all the 
cases in a consistent way. 
 
The final goal of WP5 is to make these data available through a dedicated web-based 
platform, not only targeting the use within PUCS by project partners, but also the use by a 
larger group of potential climate service purveyors after the ending of the H2020 funding.  
 
The structure of the present deliverable is as follows: Chapter 2 introduces the 
methodologies of both urban climate data providers. Chapter Error! Reference source 
not found. contains a description of historical urban climate data that has been produced. 
In Chapter Error! Reference source not found. the methodology and overview of the 
future climate data are presented. 
 

                                           
1 SC5-01-2016-2017: Exploiting the added value of climate services – a) Demonstration of climate services (2016 

– Innovation Action – IA) 
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In this project, the urban climate data will be delivered by two primary data providers, VITO 
and KULeuven. VITO will focus with its urban climate model ‘UrbClim’ on heat stress and 
related meteorological variables and indicators, while KULeuven will apply its rainfall 
downscaling statistics methodology to focus on precipitation and flooding. 

 

 
The urban boundary layer climate model ‘UrbClim’ is designed to cover individual cities and 
their nearby surroundings at a very high spatial resolution (De Ridder et al., 2015). UrbClim 
consists of a land surface scheme, coupled to a 3-D atmospheric boundary layer module. 
The land surface scheme is based on the soil–vegetation–atmosphere transfer scheme of De 
Ridder and Schayes (1997), but is extended to account for urban surface physics. This 
urbanization is accomplished in a rather simple way, by representing the urban surface as a 
rough impermeable slab, with appropriate values for the albedo, emissivity and roughness 
lengths. The main feature of the extension of the scheme is the inclusion of a 
parameterization of the inverse Stanton number, which is known to be much higher in urban 
areas. All the details about the parameterization and how the land surface scheme works 
can be found in De Ridder and Schayes (1997). A schematic representation of the model is 
presented in Figure 1. 
 

 
Figure 1. Schematic representation of the UrbClim model. 
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The spatial distribution of land cover types, needed for the specification of required land 
surface parameters, is by default taken from the CORINE 2012 land use map. However, for 
several of the demonstration cases (Vienna, Barcelona) local land use maps were available, 
and for the cities of the ‘Urban Planning’ demonstration service, Urban Atlas maps were 
used. These data are converted into 15 relevant land use classes in function of the urban 
climate calculations. 
 
Besides the land use map, the UrbClim model needs information on the soil sealing and 
vegetation cover fraction in each grid cell. The percentage urban land cover is specified 
using the Urban Soil Sealing raster data files distributed by the European Environment 
Agency. Maps of vegetation cover fraction are obtained from the Normalized Difference 
Vegetation Index (NDVI) acquired by the MODIS instrument on-board the TERRA satellite 
platform. Vegetation cover fraction is specified as a function of the NDVI using a linear 
relationship proposed by Gutman and Ignatov (1998), and then interpolated to the model 
grid. Model grid cells featuring exclusively non-urban land use types are divided into 
vegetation and bare soil (the complementary fraction). 
 
For all simulations in this project, the model is set up with a spatial resolution of 100m, with 
a varying number of grid cells, depending on the width of the city under study. For the 
historical (reference) simulations, the model is driven with meteorological data from the 
ECMWF ERA-Interim and/or ERA5 reanalysis. 
 
The model output consists of hourly 2m air temperature, humidity and wind speed fields, 
which can be converted to relevant thermal parameters, as for instance the urban heat 
island intensity or the number of heat wave days. 
 
However, air temperatures don’t tell the complete story of heat stress experienced by 
citizens. Also the radiation load (both shortwave and longwave) is an important factor when 
assessing human thermal comfort, as well as humidity and wind speed. An indicator that 
takes all these variables into account is the Wet Bulb Globe Temperature (WBGT), the ISO-
standard for quantifying human thermal comfort (ISO 1989). The WBGT has a long tradition 
of being used as a thermal comfort index, and is internationally adopted by a large number 
of authorities (Willet and Sherwood, 2012).  
 
The formula for calculating the WBGT is: 
 

𝑊𝐵𝐺𝑇 = 0.7 × 𝑇𝑤 + 0.2 × 𝑇𝑔 + 0.1 × 𝑇𝑎 

 
with Tw = the wet bulb temperature, Tg = the black globe temperature en Ta= the air 
temperature. 
 
To calculate the WBGT from the UrbClim results, we follow the method of Liljegren et al. 
(2008), which is recommended for outdoor WBGT calculations in a review paper by Lemke 
and Kjellstrom (2012). As input for the calculations, hourly 2m air temperatures, specific 
humidity and wind speeds are taken from the UrbClim output data. Furthermore, incoming 
solar radiation and surface pressure are needed, which are taken from the ERA-Interim or 
ERA5 reanalysis of the European Centre for Medium-range Weather Forecasting (ECMWF), 
as these variables also serve as input data for the UrbClim model. 
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In order to calculate the detailed amount of shade (either from buildings or trees) in a grid 
cell, shape files with building height and tree height are needed. These files are converted 
to 1 meter resolution raster files, and subsequently for every hour of the period under study 
the incoming solar radiation for the different solar zenith angles is calculated with the 
Potential Incoming Solar Radiation module of the System for Automated Geoscientific 
Analyses (SAGA), an open-source Geographic Information System (Conrad et al., 2015). The 
results of these calculations are resampled to the UrbClim model grid, yielding fractional 
coverages of building shadow and tree shadow in every grid cell for every hour of the day. 
The radiation transfer through the tree canopy is calculated based on a parameterisation 
scheme that is developed by De Ridder (1997). 
 
Finally, the WBGT is calculated by adopting the proposed values for all input parameters of 
the calculation by Liljegren et al. (2008). The final result are hourly WBGT maps at either 
the 100m resolution UrbClim grid for the entire period, or at the 1m resolution level for a 
specific warm summer day (due to computational constraints). 

 

 
The generation of extreme rainfall maps and climate scenarios is based on a novel method 
of statistical downscaling (Willems et al., 2012) where all publicly available global and 
regional climate model outputs are considered and downscaled to the local scale of the city 
of Antwerp (Figure 2). 
 

 
Figure 2. Scheme summarizing the process of statistical downscaling of the ensembles of 

publicly available global, regional and local climate model outputs. Climate 
scenarios for (extreme) rainfall were obtained that are applicable for local impact 
analysis. 
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The local historical rainfall data consisted of a network of 19 rain gauges but with varying 
records length (the longest since the 1960s) and continuous radar data for 10 years. These 
sources of historical rainfall data were combined to map the spatial variability of rainfall 
extremes over the city at various durations from 15 minutes to 1 day together with the 
uncertainty. 
 
Next, the local time series of measured precipitation intensity available are perturbed 
according to climate change signals obtained from the climate model outputs. This is done 
based on the ensembles (groups of climate models) of publicly available outputs from global 
climate models (GCMs; CMIP5 database) and European regional climate models (RCMs; 
EURO-CORDEX database) and the quantile perturbation method (Willems 2013a; Willems & 
Vrac, 2011; Ntegeka et al., 2014) for further downscaling. This downscaling method 
intrinsically involves bias correction (removal of any systematic difference between the 
climate model outputs and the historical observations). For Belgium, local area models 
(LAMs) are also available; these are high resolution climate models but for limited areas. 
They have fine spatial resolutions of 2.8 to 4 km and were simulated within the Belgian 
CORDEX.be project (supported by the Belgian Science Policy office, BELSPO). These LAMs 
are considered to validate and fine-tune the statistical downscaling assumptions. 
 
The tables below give an overview of all GCM and RCM runs considered; the RCM runs were 
available at two spatial resolutions: 0.11° and 0.44°. 
 

 
Table 1. The CMIP5 GCM model simulations considered. 
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Table 2. The EURO-CORDEX model simulations considered for the 0.11° RCMs × driving 

CMIP5 GCM matrix; labels Y and X indicate the availability of the corresponding 
RCM ×GCM pair for the scenarios RCP 4.5 and 8.5 respectively 

 

 
Table 3. The EURO-CORDEX model simulations considered for the 0.44° RCMs × driving 

CMIP5 GCM matrix; labels Y and X indicate the availability of the corresponding 
RCM ×GCM pair for the scenarios RCP 4.5 and 8.5 respectively 

 

 
Table 4. The LAM simulations for Belgium considered × driving GCM 

 
The climate change signals that were derived and downscaled involve changes in rainfall 
intensities in relation to the severity level (exceedance probability or return period), the 
number of wet and dry days, and this for each month of the year. These changes were 
applied to the local historical precipitation time series using a stochastic modelling 
procedure. 
 
The result of the perturbation based statistical downscaling are modified (perturbed) 
precipitation time series of the same length and time scale but following future climate 
conditions. This involves: 

• Different climate horizons: 2050 and 2100; 

• Scenarios based on all RCP-scenarios, given that the likelihood of each scenario 

cannot be determined; 

The historical and future (perturbed) rainfall series are also further processed in order to 
obtain following rainfall statistics: 
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• Extreme rainfall intensities for given probabilities or return periods: 2, 5, 10, 20, 25, 

100 years; 

• Rainfall intensity-duration-frequency (IDF) curves; 

• Composite design storms for return periods of 2, 5, 10, 20, 25, 100 years, used for 

the design of urban drainage systems; or for impact analysis on urban flooding 

(construction of urban flood hazard maps). 

Examples of the main results are shown next. 
Changes in extreme rainfall intensity-duration-frequency (IDF) curves: 

 
Figure 3. IDF curves, representing how the rainfall intensity depends on the time scale 

(aggregation level = time duration over which the rainfall intensity is averaged) 
and the return period (probability of occurrence). The lines in the plot are for 
return periods of 1 month, 1 year and 10 years. The black lines are for the current 
climatic conditions; the coloured for different climate model runs.   

 
Changes in design storms: 

 
Figure 4. Changes in one of the storms (2-year storm in the figure). One can see the 

increase in peak intensity of the storm from the historical (=current) climate to the 
future climate according to the mean and high climate scenarios. 
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Figure 5. Spatial maps showing the changes in extreme rainfall intensities (in the figure for 

the example of the 5-year 15-min rainfall intensity) from the current to the future 
climate (high climate scenario) over the city of Antwerp. 
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Based on the specific data needs of the service providers for the 6 demonstration cases, 
VITO and KU Leuven have started to produce the required urban climate data for these 
6 cities. The initial focus was on the historical (reference) periods, so all the service 
providers could quickly set up their services. For the ‘Emergency Planning’ case, the data 
are based on historical local rainfall measurements, which are translated by KU Leuven 
to Intensity-Duration-Frequency (IDF) curves and design storms. For the other cases, 
VITO has performed simulations with its urban climate model, UrbClim, using climate 
forcing data from the re-analysis data archive ERA-Interim and/or the recent ERA5 
archive. This has resulted in over 4 Tb of urban climate data, stored in Netcdf files. An 
overview of the produced and delivered data sets is given in Table 5. Some required 
variables as rainfall amounts and downwelling short-wave radiation are not calculated by 
the UrbClim model but are directly taken from the ERA-Interim/ERA5 archives. 
 

Table 1: Delivered historical urban climate data 

Sectoral case City Period Variables Resolutions Base data 

Climate & Health Barcelona 1987-2016 
Tmean, Tmin, Tmax, 

Td, RH, Pr 
100m / daily ERA-Interim 

 Barcelona 2010-2016 
Tmean, Tmin, Tmax, 

Td, RH, Pr 
100m / daily ERA5 

Building Energy Bern 1987-2016 
T, RH, Ws, Wdir, 

Pr, Rs 
100m / hourly ERA-Interim 

 Bern 2010-2016 
T, RH, Ws, Wdir, 

Pr, Rs 
100m / hourly ERA5 

Emergency 

Planning 
Antwerp 1994-2017 

Rainfall IDF-

curves and design 

storms 

-/- 
Local rainfall 

measurements 

Urban Planning Prague 2007-2016 T, RH, Ws, Pr 100m / hourly ERA-Interim 

 
Prague 

(partly) 
24/06/2016 WBGT 1m / hourly ERA-Interim 

 Ostrava 2007-2016 T, RH, Ws, Pr 100m / hourly ERA-Interim 

 
Ostrava 

(partly) 
24/06/2016 WBGT 1m / hourly ERA-Interim 

 
Hodonin 

(partly) 
24/06/2016 WBGT 1m / hourly ERA-Interim 

Active Mobility Vienna 1987-2016 

T, RH, Ws, Wdir, 

Pr, Rs, Snow, 

WBGT 

100m / hourly ERA-Interim 

 Vienna 2010-2016 
T, RH, Ws, Wdir, 

Pr, Rs, Snow 
100m / hourly ERA5 

Cultural Heritage Rome 1987-2016 
T, RH, Ws, 

WBGT 
100m / hourly ERA-Interim 

Variables: T (air temperature), Td (dew point temperature), RH (relative humidity), Ws (wind 

speed), Wdir (wind direction from the north), Pr (precipitation amount), Rs (downwelling short-

wave radiation), Snow (snowfall amount) and WBGT (Wet Bulb Globe Temperature). 

 
As described above, a large amount of data has been produced already for the 6 
demonstration cases. These comprise unprecedented high resolution maps and time 
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series of several meteorological variables for long time periods. An example of this data 
set is shown in Figure 6.  

 

 
Figure 6. Rome 100m resolution mean air temperature map for the historical period 1987-

2016. 

Furthermore, a small validation exercise has been performed for the city of Barcelona, in 
order to convince the service provider of the quality of the provided data. A comparison 
between observed and modelled air temperatures at two distinct locations in and outside 
of the city centre is shown in Figure 7.  
 
One particularly challenging task was the production of very high (1m) resolution Wet 
Bulb Globe Temperature maps for e.g. a part of the city of Prague. In order to do this, 
we needed to identify the occurrence and height of trees and buildings from several 
remote sensing datasets, and subsequently calculate the detailed radiation and shade 
effects of these in GIS software. Combining them with UrbClim and ERA-Interim data 
according to the methodology described in Section 2 yielded detailed maps of which an 
example is shown in Figure 8. 
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Figure 7. Modelled (red) and observed (black) mean daily air temperatures during the 

summer of 2011 in a rural (left) and urban (right) location of Barcelona. The error 
bars correspond to the standard deviations. 

 
Figure 8. 1m resolution daily mean Wet Bulb Globe Temperature map for a part of the city 

of Prague. 
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During the first year of the project, an overarching climate downscaling technique has been 
agreed upon between KU Leuven and VITO, in order to assure consistency between the 
different sectoral cases. The generation of climate scenarios will use a method of statistical 
downscaling where all publicly available global (GCMs; CMIP5 database) and regional 
(RCMs; EURO-CORDEX database) climate model outputs are considered and downscaled to 
the local scale of a European city (Figure 9), following the methodology described in Section 
2.2. Details on the GCM and RCM data can be found there. The available historical time 
series (from UrbClim output or other sources, e.g. measurements, ERA-Interim/ERA5) will 
be perturbed according to climate change signals obtained from the climate model outputs, 
using the quantile delta perturbation method. This downscaling method intrinsically involves 
bias correction (removal of any systematic difference between the climate model outputs 
and the historical observations). The result of the perturbation based statistical downscaling 
are time series of the same length and time scale as the historical time series, but following 
future climate conditions. All climate change statistics for the different cities are provided by 
KU Leuven from the same base data, in order to be consistent.  
 

 
Figure 9. Schematic description of the statistical downscaling used in this project. 
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In this section, we explain and discuss the applied methodology for the generation of the 
future urban climate data step-by-step, so everything is clear for the service providers (and 
others users of the data) and they can explain it to their stakeholders. 
 
In a first step, KU Leuven calculates the ‘delta’s’ per month and percentile class from the 
GCM/RCM ensemble (daily data). This is done separately for all variables, time horizons and 
RCP scenarios. The resulting delta’s are always calculated for the local position of the city, 
and are based on 30-year averages. An example is shown in Figure 10. As can be seen from 
the Figure, the higher percentiles are expected to warm more. 
 

 
Figure 10. Mean temperature delta’s per percentile class for the city of Rome for time 

horizon 2050 and the RCP8.5 scenario. 
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In a second step, time series of daily mean values for a rural location in the model domain 
are calculated for each of the variables that are needed. A rural location is chosen since we 
assume that the GCM and RCM data do not consider urban effects, so we have to calculate 
the percentile classes of the reference data for a rural location to be consistent. This 
location is defined as the spatial 10th percentile of the non-water, height-corrected average 
air temperatures pixels. An example is given in Figure 11. 
 

 
Figure 11. Defining the spatial 10th percentile of the 30-year average, height-corrected, air 

temperature map for the Rome model domain. 
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The third step consists of calculating the daily mean values for all needed variables for the 
selected pixel. Afterwards, these values are attributed to a percentile class, which is done 
for all the months of the year separately. An example is shown in Figure 12. 
 

 
Figure 12. Attributing the daily mean air temperatures for the selected Rome pixel to a 

percentile class (per month). 

 
In a fourth step, the historical time series are rescaled (perturbed) with the delta’s (per 
month) according to the (rural) percentile classification. The delta’s are applied to the whole 
model domain, so the existing spatial patterns for the current situation are kept constant. 
Figure 13 shows a schematic representation of this step. 
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Figure 13. Schematic representation of perturbing the daily mean time series. Source: 

https://www.climatechangeinaustralia.gov.au/en/support-and-guidance/using-
climate-projections/application-ready-data/scaling-methods/ 

If the service provider requires hourly air temperature data, this is handled in a fifth step. 
Therefore the minimum and maximum temperatures are rescaled with their respective 
deltas, and the hours in between with the progressive linear difference between both deltas 
(Figure 14).  
 

 
Figure 14. Schematic representation of producing hourly air temperature data. 

https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj-r-_tkr_bAhXLa1AKHQPQClcQjRx6BAgBEAU&url=https://www.climatechangeinaustralia.gov.au/en/support-and-guidance/using-climate-projections/application-ready-data/scaling-methods/&psig=AOvVaw3fe8W-qrag2OdfHJ0Lno99&ust=1528378044345474
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Applying the methodology described above, the future urban climate data are generated for 
all time horizons and RCP scenarios that need to be included for the different sectoral cases. 
Afterwards, the service providers can recalculate all indicators they need from this data set. 
An example for the city of Rome is given in Figure 15. 
 

  

 
Figure 15. Projected mean air temperatures for the city of Rome in 2050 according to the 

RCP4.5 and RCP8.5 scenarios. 
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The methodology we apply in this project to generate future urban climate data is widely 
used in the international community, and comes with important consequences (both positive 
and negative). 
Positive effects are: 

• The quantile delta perturbation method is an easy and quick methodology which is 
widely used in the international community. 

• All available climate models are included and not just one or a few, which would 
introduce a lot of uncertainty in the end results. 

• The output is easy to handle, it has the same format as the historical time series, 
and does not consist of a large amount of separate and incompatible time series. 

• The end results are strongly tied to the accurate historical data so no introduction of 
GCM/RCM biases or artefacts. 

Negative effects are: 
• The meteorological variables are rescaled separately, so their correlation is (to some 

extent) lost. 
• It is very tricky to rescale precipitation (and radiation) in a consistent way with the 

other variables. In this project, KU Leuven can provide perturbed rainfall time series, 
but the correlation with other variables will be lost (separate analysis from other 
variables is needed). 

• The historical patterns (both spatial and temporal) are kept constant so drastic 
changes are not accounted for (different wind regimes, long dry spells,…). 

 
VITO has experience in comparing this statistical downscaling methodology to a dynamical 
downscaling approach, in which data from an 11 GCM ensemble were used as driving data 
for the UrbClim model. This work has been performed in the framework of the FP7 RAMSES 
project (www.ramses-cities.eu). Figure 16 shows the result of both methodologies on the 
final indicator map (the 95th percentile of minimum air temperatures in this case) for the city 
of Antwerp. Both maps look very similar, and the difference map shows that the absolute 
differences (up to 0.4°C) are small (in comparison to a general projected 2.5°C temperature 
increase), although there is a structural pattern in the differences (due to a projected 
change in wind regime). A comparison was performed for two final temperature indicator 
maps for 9 cities all over the world, focussing on the period 2081-2100 and the RCP8.5 
scenario in order to obtain maximal differences (Table 6). The differences in these final 
maps between both downscaling techniques were found to be very small, only for sea pixels 
the results deviated significantly. 
 
Given the small differences in the end results and the huge extra computational and data 
storage costs of performing such a dynamical model ensemble approach, the statistical 
methodology is best fit to use in this project. 
 
  

http://www.ramses-cities.eu/
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Figure 16. Comparison between a dynamical downscaling approach (left) and a statistical 

downscaling approach (right) and the difference between them for minimum 
temperatures in Antwerp. 

 
Table 6: Error statistics for the comparison between the dynamical downscaling approach 

and the statistical downscaling approach for two indicator maps in 9 cities. 
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Based on the data needs of the service providers for the 6 demonstration cases, and given 
the limitations of the statistical downscaling methodology, VITO and KU Leuven have started 
to produce the required future urban climate data. An overview of the data is given in Table 
7. Afterwards, this data will be made available through a web-based platform, targeting also 
a larger group of potential climate service purveyors. 
 
Table 7: Delivered/planned future urban climate data 

Sectoral case City Period Variables RCP scenarios Base data 

Climate & Health Barcelona 2011-2040 
Tmean, Tmin, Tmax, 

Td, RH 
RCP4.5/8.5 ERA-Interim 

 Barcelona 2041-2070 
Tmean, Tmin, Tmax, 

Td, RH 
RCP4.5/8.5 ERA-Interim 

 Barcelona 2071-2100 
Tmean, Tmin, Tmax, 

Td, RH 
RCP4.5/8.5 ERA-Interim 

Building Energy Bern 2051-2070 T, RH, Ws RCP4.5/8.5 ERA-Interim 

Emergency 

Planning 
Antwerp 2030 

Rainfall IDF-

curves and 

design storms 

RCP4.5/8.5 
Local rainfall 

measurements 

 Antwerp 2050 

Rainfall IDF-

curves and 

design storms 

RCP4.5/8.5 
Local rainfall 

measurements 

 Antwerp 2100 

Rainfall IDF-

curves and 

design storms 

RCP4.5/8.5 
Local rainfall 

measurements 

Urban Planning Prague 2026-2035 T, RH, Ws RCP4.5/8.5 ERA-Interim 

 Prague  2046-2055 T, RH, Ws RCP4.5/8.5 ERA-Interim 

 Ostrava 2026-2035 T, RH, Ws RCP4.5/8.5 ERA-Interim 

 Ostrava 2046-2055 T, RH, Ws RCP4.5/8.5 ERA-Interim 

Active Mobility Vienna 2027-2033 
T, RH, Ws, 

WBGT 
RCP4.5/8.5 ERA5 

 Vienna 2047-2053 
T, RH, Ws, 

WBGT 
RCP4.5/8.5 ERA5 

Cultural Heritage Rome 2016-2045 
T, RH, Ws, 

WBGT 
RCP4.5/8.5 ERA-Interim 

 Rome 2036-2065 
T, RH, Ws, 

WBGT 
RCP4.5/8.5 ERA-Interim 

Variables: T (air temperature), Td (dew point temperature), RH (relative humidity), Ws (wind 

speed) and WBGT (Wet Bulb Globe Temperature). 
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