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Average Summer Temperature in the Netherlands, Now and in The Future

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

[1 ]Klimaateffectatlas (2024)
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Perceived temperature across the Netherlands on a hot summer day

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

[2] Nationale Hittestresskaart (2020)
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Urban Microclimate

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

[ 3 ] Yang et al. (2024)
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Outdoor Thermal Comfort
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[ 4 ] Orbital Stack (2024)
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Outdoor Thermal Comfort
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SOLWEIG
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ACCURACY OF MODELS

SOLFD DEVELOPMENT

SOLFD CASE STUDY

OBJECTIVE
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

OBJECTIVE

To develop a framework for a tool (SOLFD), based on 
the SOLWEIG model, that enables designers to visualize 
current urban climate conditions at the neighborhood 
scale in the Netherlands and to evaluate, visualize and 
compare the potential impacts of proposed designs on 
these conditions for the human comfort.
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ACCURACY OF MODELS

SOLFD DEVELOPMENT

SOLFD CASE STUDY

Research Questions
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

OBJECTIVE

How can a tool framework be developed for visualizing current urban 
climate conditions and their effect on outdoor thermal comfort at 
the neighborhood scale in the Netherlands using SOLWEIG, and how 
can design alternatives be integrated and compared within this tool?
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OBJECTIVE

How can a tool framework be developed for visualizing current urban 
climate conditions and their effect on outdoor thermal comfort at 
the neighborhood scale in the Netherlands using SOLWEIG, and how 
can design alternatives be integrated and compared within this tool?

What does existing research report about the accuracy of SOLWEIG, 
and how well do the newly implemented 3D modifications perform 
when validated against sensor data?
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ACCURACY OF MODELS

SOLFD DEVELOPMENT

SOLFD CASE STUDY

Research Questions
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

OBJECTIVE

How can a tool framework be developed for visualizing current urban 
climate conditions and their effect on outdoor thermal comfort at 
the neighborhood scale in the Netherlands using SOLWEIG, and how 
can design alternatives be integrated and compared within this tool?

What does existing research report about the accuracy of SOLWEIG, 
and how well do the newly implemented 3D modifications perform 
when validated against sensor data?

How can the tool be used to analyze the effects of urban design 
proposals on microclimatic conditions and outdoor thermal comfort 
in various Dutch urban typologies?
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Urban Design Process

The Integrated Urban Design Process
[ 5 ] Carmona et al.  (2010)
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Mean Radiant Temperature
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Tmrt

[ 6 ] Bardino et al. (2021)

Perfect Black Body Emitter
(ε = 1)
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Mean Radiant Temperature
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Tmrt

[ 6 ] Bardino et al. (2021)

Perfect Black Body Emitter
(ε = 1)

stefan boltzmann constant
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Examples of PET values for different climate scenarios

•	 PET = Physiological Equivalent Temperature

Mean Radiant Temperature
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

3.2. Background on UMEP Tool and SOLWEIG 9

In SOLWEIG, 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 is computed by taking six radiation flux components (longwave and shortwave radiation
from upward, downward, and the four cardinal directions), together with the angular and absorption
factors of a person (Lindberg et al., 2008).

To make evaluation of design options possible, it helps to understand what levels of 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 are acceptable.
OTC is commonly assessed using indices such as the PET, which represents how the thermal environment
feels as if the person were indoors, without wind or direct sunlight. A key factor influencing PET is 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 ,
particularly on windless days (Höppe, 1999). However, it is not possible to define a specific minimum or
maximum as ideal or problematic. This is because its effect is context-dependent, varying with other
environmental factors such as air temperature, wind speed, and humidity. For instance, high values are
desirable during cold weather conditions to enhance thermal comfort. This relationship is illustrated in
Table 3.1.

Table 3.1: Examples of PET values for different climate scenarios.
𝑇𝑇𝑎𝑎 air temperature, 𝑣𝑣 air velocity, 𝑉𝑉𝑉𝑉 water vapor pressure. Source: (Höppe, 1999, p. 73)

Scenario 𝑇𝑇𝑎𝑎 (°C) 𝑇𝑇mrt (°C) 𝑣𝑣 (m/s) VP (hPa) PET (°C)
Typical room 21 21 0.1 12 21
Winter, sunny -5 40 0.5 2 10
Winter, shade -5 -5 5.0 2 -13
Summer, sunny 30 60 1.0 21 43
Summer, shade 30 30 1.0 21 29

3.2. Background on UMEP Tool and SOLWEIG
UMEP is an open-source tool designed for researchers and service providers, for analyzing urban OTC,
energy use, and climate change mitigation. It integrates 1D and 2D models, allowing data input from
various sources and scales to generate outputs as maps, graphs, and datasets. Built as a QGIS plug-in, it
contains three main elements: a pre-processor for data preparation, a processor for running models, and
a post-processor for analyzing results (Lindberg et al., 2018). This thesis shall adapt SOLWEIG integrated
in the UMEP tool. For a better understanding of SOLWEIG in its current form, figures of the UMEP interface
for SOLWEIG and the associated pre-processing tools are provided and explained in Appendix A.1.

Figure 3.2: Overview of SOLWEIG with its inputs, intermediate steps and output T𝑚𝑚𝑚𝑚𝑚𝑚 .
Source: (Lindberg and C. S. B. Grimmond, 2019)

SOLWEIG calculates 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 in urban environments. This involves determining six longwave and shortwave
radiation fluxes (upward, downward, and from the four cardinal points) using inputs of global shortwave
radiation, air temperature, and relative humidity (Lindberg and S. Grimmond, 2011). To compute 𝑇𝑇mrt
(K), when estimating the human body as a box, the mean radiant flux density (𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠) is calculated as
follows:

𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝜉𝜉𝑘𝑘

6∑
𝑖𝑖=1

𝐾𝐾𝑖𝑖𝐹𝐹𝑖𝑖 + 𝜖𝜖𝑝𝑝

6∑
𝑖𝑖=1

𝐿𝐿𝑖𝑖𝐹𝐹𝑖𝑖 (3.1)

[ 7 ] Höppe (1999)
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Tmrt at 13.00 PM

SOLWEIG
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Digital Surface Model
DSM

Canopy Height Model
CHM

Land cover

Wall HeightWall Aspect Sky View Factor maps
SVF

Meteorological
Data

Year DOY Hour Min RH Td Press Kdn Kdiff Kdir
2023 213 0 0 87 16.5 101.3 0 0 0
2023 213 1 0 88 16.2 101.3 0 0 0
2023 213 2 0 89 15.9 101.3 0 0 0
2023 213 3 0 90 15.7 101.3 0 0 0
2023 213 4 0 90 15.6 101.3 1.7 1.5 3.9
2023 213 5 0 89 16 101.3 28 19 84
2023 213 6 0 87 17 101.3 86 53 187
2023 213 7 0 82 18.2 101.3 189 92 262
2023 213 8 0 77 19.3 101.3 296 128 332
2023 213 9 0 73 20.2 101.3 398 160 380
2023 213 10 0 69 21.2 101.3 478 184 407
2023 213 11 0 66 21.8 101.3 525 201 412
2023 213 12 0 64 22.2 101.3 538 206 410
2023 213 13 0 63 22.5 101.3 525 208 397
2023 213 14 0 62 22.6 101.3 479 192 383
2023 213 15 0 62 22.5 101.3 408 170 359
2023 213 16 0 63 22.1 101.3 321 138 333
2023 213 17 0 66 21.5 101.3 223 102 289
2023 213 18 0 69 20.6 101.3 127 65 224
2023 213 19 0 74 19.4 101.3 49 29 132
2023 213 20 0 80 18.1 101.3 6.7 5 33
2023 213 21 0 83 17.2 101.3 0 0 0
2023 213 22 0 86 16.6 101.3 0 0 0
2023 213 23 0 86 16.8 101.3 0 0 0

SOLWEIG input
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION
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SOLWEIG input
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

1.03 0.62 0.79 1.17 1.06 0.21 0.79 0.45 0.47 0.62 0.54 0.94 0.73 0.54 0.63 0.60 0.95 0.44 0.59 0.24 -0.27 0.70 0.76 0.28 1.18

0.06 0.51 0.44 0.96 0.94 0.55 0.61 0.23 -0.09 0.40 0.55 0.87 0.86 0.38 0.41 0.19 0.07 -0.01 1.09 0.35 0.37 0.12 0.73 0.02 0.44

0.23 0.62 0.35 0.15 0.49 0.63 0.52 0.59 0.31 0.39 0.30 0.39 0.26 -0.02 0.55 0.38 0.01 0.64 0.23 0.52 0.72 0.54 0.84 0.13 0.62

0.29 0.24 0.33 0.41 0.52 0.15 0.77 0.64 0.04 0.95 1.07 0.85 0.45 0.18 0.82 0.38 0.87 0.56 0.79 0.61 0.71 0.50 1.04 0.54 0.62

1.06 0.10 0.12 0.79 0.15 1.08 0.38 0.28 1.08 0.94 1.06 0.77 0.24 1.07 0.42 0.74 0.78 0.45 0.68 0.78 0.61 0.17 0.59 0.90 0.29

0.46 0.37 1.05 0.70 0.62 0.27 0.66 0.30 0.51 0.31 0.70 0.67 0.44 0.62 0.17 0.05 0.63 0.55 0.69 1.21 0.78 0.23 0.84 0.11 0.36

0.48 1.01 0.28 0.25 0.47 0.30 0.84 0.18 0.16 0.37 0.35 1.08 0.78 0.53 0.13 0.75 0.20 0.04 0.86 0.60 0.78 0.60 0.76 0.30 0.19

0.70 0.26 0.29 0.36 0.51 0.39 0.09 0.31 -0.17 0.69 0.02 0.17 0.52 0.28 0.96 0.11 0.58 0.49 0.15 0.66 0.45 0.73 0.75 1.15 0.90

0.39 0.43 0.83 0.70 0.69 0.01 0.49 0.28 0.58 0.47 0.77 0.60 0.74 0.36 0.22 0.38 0.49 0.61 1.18 0.49 0.21 0.40 0.36 0.64 0.04

0.52 0.55 0.57 0.32 0.43 0.07 0.35 0.34 0.62 0.15 0.73 0.95 -0.12 0.63 0.70 0.31 0.38 0.46 0.41 0.41 0.00 0.85 0.82 0.26 0.06

0.66 0.33 0.54 0.40 0.71 0.71 0.28 0.08 0.03 0.68 0.14 0.35 0.32 0.48 -0.08 0.56 0.66 0.53 0.41 0.53 0.62 -0.33 1.09 0.62 0.30

0.38 0.65 0.47 -0.11 1.12 0.47 0.81 0.29 0.96 0.59 0.68 0.19 0.86 0.71 0.89 0.31 0.36 1.19 0.18 0.46 0.84 0.53 0.67 0.38 0.61

0.11 1.00 0.46 0.30 0.70 0.36 0.10 0.10 0.71 0.45 0.46 0.82 0.16 0.28 0.38 0.53 0.49 0.41 0.48 0.47 0.28 0.26 0.58 0.23 0.15

0.41 0.45 1.18 0.29 0.78 0.72 0.14 0.73 0.14 -0.30 0.68 -0.03 0.64 0.29 1.00 0.82 0.36 0.29 0.14 0.37 0.42 0.39 0.55 0.67 0.60

0.27 0.07 0.91 0.29 0.30 0.34 -0.05 0.36 0.36 0.69 0.71 0.50 0.78 0.60 0.50 0.55 0.44 0.38 0.42 0.16 0.58 0.20 0.75 0.43 0.51

0.65 0.69 0.03 0.44 0.76 -0.01 0.62 -0.18 0.19 0.51 0.00 0.20 0.06 0.99 0.55 0.67 0.43 0.39 0.02 0.41 0.27 0.76 0.84 0.94 0.76

0.32 0.17 0.73 0.61 -0.03 0.61 0.74 0.52 0.44 0.26 0.07 0.74 0.41 0.43 1.02 0.71 0.61 0.54 0.96 1.02 0.78 0.67 -0.13 0.54 0.46

0.53 0.78 -0.32 0.33 0.58 0.36 0.07 0.76 0.58 0.21 0.59 0.75 0.50 0.74 0.52 0.38 0.15 0.47 0.56 0.76 0.47 0.64 0.21 0.27 0.47

0.18 0.75 0.64 0.58 0.60 1.11 0.36 -0.16 0.56 0.48 0.34 0.21 0.37 0.55 0.35 1.22 0.21 0.26 -0.19 0.58 -0.10 0.34 0.42 0.29 1.02

0.80 0.90 0.24 0.84 0.65 0.73 0.81 0.23 0.37 0.76 -0.30 0.95 0.67 0.49 0.57 0.19 0.40 0.83 0.89 1.31 0.48 0.30 0.35 0.19 0.48

0.61 0.49 0.83 0.43 0.40 0.33 0.01 0.03 0.15 0.89 0.77 0.91 0.10 -0.09 0.30 0.55 0.65 0.81 0.59 1.02 0.43 0.23 0.00 0.23 0.57

0.23 0.78 0.92 -0.21 0.76 -0.17 0.62 0.87 0.52 0.12 0.32 0.42 0.45 0.44 0.47 0.56 0.14 0.43 0.96 0.38 0.37 0.82 -0.27 0.85 0.31

0.55 0.53 0.78 0.42 0.30 0.89 -0.21 0.51 0.10 0.27 1.10 0.49 0.56 -0.03 0.28 0.56 0.61 0.69 0.50 0.66 0.64 -0.05 0.51 0.73 0.68

0.39 0.26 0.16 0.46 0.84 -0.09 0.30 0.16 0.74 0.33 0.36 0.43 0.63 0.38 -0.41 0.66 0.63 0.43 0.17 0.61 0.61 0.36 0.43 0.22 0.45

0.03 0.63 0.22 0.57 0.08 0.32 0.47 0.00 0.53 0.39 -0.02 0.11 0.68 0.77 0.46 0.62 0.57 0.60 0.89 0.05 0.70 0.39 0.43 0.41 0.39

Example of a 2D array

Columns

Rows
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Digital Surface Model
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Canopy Height Model
CHM

Land cover

Wall HeightWall Aspect Sky View Factor maps
SVF

Meteorological
Data
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ACCURACY OF MODELS

SOLFD DEVELOPMENT SOLFD

SOLFD CASE STUDY

Research Questions
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OBJECTIVE

Code Development

1. Allows 3D designs
2. Automatically collects data
3. Allows user input
4. Allows comparison
5. Operates fast
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OBJECTIVE

Code Development

Literature Review

Sensor Measurements

1. Allows 3D designs
2. Automatically collects data
3. Allows user input
4. Allows comparison
5. Operates fast



25

ACCURACY OF MODELS

SOLFD DEVELOPMENT SOLFD

Validated SOLFD

Validated &
Tested SOLFD

SOLFD CASE STUDY

Research Questions
INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

OBJECTIVE

Code Development

Literature Review

Case study

Sensor Measurements

1. Allows 3D designs
2. Automatically collects data
3. Allows user input
4. Allows comparison
5. Operates fast
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RQ 1: How can a tool framework be developed for visualizing current urban 
climate conditions using SOLWEIG, and how can design alternatives be 
integrated and compared within this tool?
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SOLFD allows input 
designs and changing 

the urban scene 

            SOLFD allows
evaluation, comparison 
and improvement of 

designs

SOLFD operates within 
an acceptable time 

frame

SOLFD automatically 
collects required

location data

SOLFD allows 
3D designs

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Five goals for SOLFD development

RQ 1: How can a tool framework be developed for visualizing current urban 
climate conditions using SOLWEIG, and how can design alternatives be 
integrated and compared within this tool?
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Extending SOLWEIG for 3D
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SOLFD allows input 
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designs
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SOLFD allows 
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Extending SOLWEIG for 3D
•	 Solution: layered array
				    - Base layer
				    - Void layer(s)
				    - Building layer(s)

Original DSM array Layered DSM array
 Base layer

 Void layer

Building layer
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Extending SOLWEIG for 3D
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Digital Surface Model
DSM

Canopy Height Model
CHM

Land cover

Wall HeightWall Aspect Sky View Factor maps
SVF

Meteorological
Data

Year DOY Hour Min RH Td Press Kdn Kdiff Kdir
2023 213 0 0 87 16.5 101.3 0 0 0
2023 213 1 0 88 16.2 101.3 0 0 0
2023 213 2 0 89 15.9 101.3 0 0 0
2023 213 3 0 90 15.7 101.3 0 0 0
2023 213 4 0 90 15.6 101.3 1.7 1.5 3.9
2023 213 5 0 89 16 101.3 28 19 84
2023 213 6 0 87 17 101.3 86 53 187
2023 213 7 0 82 18.2 101.3 189 92 262
2023 213 8 0 77 19.3 101.3 296 128 332
2023 213 9 0 73 20.2 101.3 398 160 380
2023 213 10 0 69 21.2 101.3 478 184 407
2023 213 11 0 66 21.8 101.3 525 201 412
2023 213 12 0 64 22.2 101.3 538 206 410
2023 213 13 0 63 22.5 101.3 525 208 397
2023 213 14 0 62 22.6 101.3 479 192 383
2023 213 15 0 62 22.5 101.3 408 170 359
2023 213 16 0 63 22.1 101.3 321 138 333
2023 213 17 0 66 21.5 101.3 223 102 289
2023 213 18 0 69 20.6 101.3 127 65 224
2023 213 19 0 74 19.4 101.3 49 29 132
2023 213 20 0 80 18.1 101.3 6.7 5 33
2023 213 21 0 83 17.2 101.3 0 0 0
2023 213 22 0 86 16.6 101.3 0 0 0
2023 213 23 0 86 16.8 101.3 0 0 0
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•	 CHM
    Pointcloud -> raster (array)
    Laplace interpolate at cell centers in max 1m radius around
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•	 CHM

AHN DSM with (almost) only trees Output CHM

Difference in height (Output - AHN)
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•	 Wall Height and Wall Aspect
	 - Wall height: cross-filter method kept
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•	 Wall Height and Wall Aspect
	 - Wall height: cross-filter method kept
     - Wall Aspect: linear filter method replaced with Sobel filter method

Linear filter method Sobel filter method
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•	 Wall Height and Wall Aspect

Output wall height
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•	 Wall Height and Wall Aspect

800x600 array: 		  223.89 seconds -> 
                                       0.02 seconds

Sobel filter methodLinear filter method
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•	 Meteorological Data
     - Prepare 3 types of days:
			   20–25°C (mild summer days),				    mean
			   25–30°C (warm summer days),				   mean
			   >30°C (hot/tropical days),					     97th
    
    - Into 4 meteorological data sets:
               3x ‘average day’: August 1st 2023, midsummer solar angles
	           1x ‘extreme day’: June 21st 2023, solstice solar angles
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•	 Modifying exisiting elements
		  - remove buildings and trees in urban scene.
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•	 Modifying exisiting elements
•	 Tree insertion
	 - 	 Insert a tree using parameters or tree species
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•	 Modifying exisiting elements
•	 Tree insertion
•	3D urban design integration
	 - Insert a design as 3D triangulated mesh .OBJ
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•	 Modifying exisiting elements
•	 Tree insertion
•	3D urban design integration
•	Urban design integration for materials
	 - Insert new materials in the land cover.
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•	 Tree insertion
    Simple mathematical models based on:
    

+ Shape
+ Random NoiseTree height Trunk Height Canopy Radius
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•	 Tree insertion

Also random input &
given parameters of 
5 most common
Dutch trees

Tree Canopy Generation Formulas

2. Canopy Height Formulas

Depending on the type of canopy, the following formulas are used to calculate
the height of the canopy at each point:

(a) Gaussian Canopy

The Gaussian shape is defined as a bell curve, where the canopy height decays
smoothly from the center:

canopy(x, y) = (height−trunk height)×exp


− (x2 + y2)

2


crown radius

2

2


+trunk height

Where: - height − trunk height scales the Gaussian height, - crown radius
2 is

the standard deviation of the Gaussian distribution.

(b) Cone Canopy

The cone shape linearly decreases in height from the center:

canopy(x, y) = max


(height− trunk height)×


1−


x2 + y2

crown radius


, 0


+trunk height

Where: - The height decreases linearly as

x2 + y2 increases, - The ‘max‘

function ensures the height does not go below zero.

(c) Parabolic Canopy

The parabolic shape follows a quadratic decay from the center:

canopy(x, y) = max


(height− trunk height)×


1−

 
x2 + y2

crown radius

2

 , 0


+trunk height
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Where: - The height decays quadratically as

√
x2 + y2 increases.

(d) Elliptical Canopy

The elliptical shape is an upper half-ellipse:

canopy(x, y) =

√
max

(
1− x2 + y2

crown radius2
, 0

)
×(height−trunk height)+trunk height

Where: - The height decreases smoothly as x2+y2 approaches crown radius2.

(e) Hemisphere Canopy

The hemisphere shape is modeled by a half-sphere formula:

canopy(x, y) =

√
max

(
crown radius2 − (x2 + y2), 0

)

crown radius
×(height−trunk height)+trunk height

Where: - The height is calculated as a fraction of the radius, creating a
smooth dome shape.

3. Noise Addition

Random noise is added to the canopy for variability. This is modeled as:

canopy(x, y) += N (0, randomness)

Where N (0, randomness) represents Gaussian noise with mean 0 and stan-
dard deviation randomness.

(f) Flattened Hemisphere Canopy

The flattened hemisphere is a vertically compressed dome, controlled by a flat-
tening factor:

canopy(x, y) =
flattening factor ·

√
max

(
crown radius2 − (x2 + y2), 0

)

crown radius
·(height−trunk height)+trunk height

(1)
Where: - flattening factor ∈ (0, 1] controls the degree of flattening (with 1

being a full hemisphere and values closer to 0 making it flatter), - The rest of
the formula behaves like a hemisphere, just scaled in the vertical direction.

This shape is useful when modeling broad, low canopies like those of certain
deciduous trees.
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canopy(x, y) += N (0, randomness)

Where N (0, randomness) represents Gaussian noise with mean 0 and stan-
dard deviation randomness.

(f) Flattened Hemisphere Canopy

The flattened hemisphere is a vertically compressed dome, controlled by a flat-
tening factor:

canopy(x, y) =
flattening factor ·

√
max

(
crown radius2 − (x2 + y2), 0

)

crown radius
·(height−trunk height)+trunk height

(1)
Where: - flattening factor ∈ (0, 1] controls the degree of flattening (with 1

being a full hemisphere and values closer to 0 making it flatter), - The rest of
the formula behaves like a hemisphere, just scaled in the vertical direction.

This shape is useful when modeling broad, low canopies like those of certain
deciduous trees.
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•	 Tree insertion

Insertion of a 50 year old ash
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•	3D urban design integration
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•	Urban design integration for materials
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•	Hourly Tmrt Maps

•	Aggregated Tmrt maps

		  - Morning (06.00-11.00)

		  - Afternoon (12.00-17.00)

		  - Evening (18.00-21.00)

•	Tmrt Statistics

		  - Mean, median, maximum, minimum

		  - Area distributions across temperature bins

•	Derived PET

		  - Modelled Tmrt + global air temp, humidity and wind speed

		  - Thermal stress classifications
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Output wall height

Output Overview
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•	 CPU -> GPU
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CPU: AMD Ryzen 9 7950X, 16-Core 
GPU: NVIDIA GeForce RTX 4090
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Accuracy Assessment
RQ2: What does existing research report about the accuracy of 
SOLWEIG, and how well do the newly implemented 3D modifications 
perform when validated against sensor data?
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•	 SOLWEIG
     - Literature review; strengths, limitations & accuracy metrics
    - Divided into:
		  (1) validation studies conducted by the model developers themselves
          (2) independent research by external groups.

•	SOLFD
     - Climate Bike sensor data
		  - six directions of short- & longwave radiation
           - two cycling routes Amsterdam

[ 8 ] Heusinkveld et al. (2013)

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD data preperation
     1. Find locations underneath structures

LOCATION 1
(123150, 487590,
123550, 487940)

LOCATION 6
(122630, 487150, 123030, 487550)

LOCATION 2
(123850, 487040, 124250, 487440)

LOCATION 3
(124350, 485300, 124750, 485750)

LOCATION 4
(123470, 484200, 123870, 484600)

LOCATION 5
(122680, 484350, 123180, 484750)

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD data preperation
     1. Find locations underneath structures
    2. Prepare inputs for three different cases

3D case Gap case On-top case

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD data preperation
     1. Find locations underneath structures
    2. Prepare inputs for three different cases
    3. Prepare the meteorological input data
			   - Taken from climate bike, KNMI and AAMS

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD data preperation
     1. Find locations underneath structures
    2. Prepare inputs for three different cases
    3. Prepare the meteorological input data
    4. Prepare the climate bike data 
			 

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLWEIG

Study / Version n R2 RMSE

Lindberg and S. Grimmond
(2011) v2.0

205 0.93 / 0.91 6.79 / 3.1

Lindberg et al. (2016), v2015a 200 0.92 / 0.86 4.42 / 4.68

Wallenberg et al. (2023) 
v2022a

- 0.9 4.6

Study / Version n R2 RMSE

Thom et al. (2016)
v2014a

975 0.93 / 0.91 5.06

Gál and Kántor (2020)  
v2019a

98 0.92 5.02

Buo et al. (2023) v2021a 763 0.83 5.59

Accuracy from Developers

Accuracy from Others

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLWEIG

Study / Version n R2 RMSE

Lindberg and S. Grimmond
(2011) v2.0

205 0.93 / 0.91 6.79 / 3.1

Lindberg et al. (2016), v2015a 200 0.92 / 0.86 4.42 / 4.68

Wallenberg et al. (2023) 
v2022a

- 0.9 4.6

Study / Version n R2 RMSE

Thom et al. (2016)
v2014a

975 0.93 / 0.91 5.06

Gál and Kántor (2020)  
v2019a

98 0.92 5.02

Buo et al. (2023) v2021a 763 0.83 5.59

Accuracy from Developers

Accuracy from Others

RMSE
3.1 °C - 6.79 °C

R2

0.83 - 0.93

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD

Location 3 example

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD

Location 3 example

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD

Tmrt Modeled vs observed for all three cases
n= 312

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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•	 SOLFD

Tmrt Modeled vs observed for all three cases underneath structures
n= 79

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Accuracy Assessment
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SOLFD Case study
RQ3: How can the tool be used to analyze the effects of urban design 
proposals on microclimatic conditions and outdoor thermal comfort 
in various Dutch urban typologies?
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SOLFD Case study
1. Current Situation Without Trees 2. Current Situation With Trees
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SOLFD Case study

[ 9 ] Kilmaateffectatlas. (2023)



95INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

H
is

to
ri

sc
he

 b
in

ne
ns

ta
d

St
ed

el
ijk

e 
B

ou
w

bl
ok

Vo
lk

sw
ijk

V
in

ex
-w

ijk
B

lo
em

ko
ol

w
ijk

Tu
in

do
rp



96

A
ft

er
no

on
 

O
ve

ra
ll 

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

SOLFD Case study
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•	 Historisch
	 - Average without trees:  51.8 °C
	 - Average with trees:		   45.9 °C
	                                                       -5.9 °C

•	Stedelijk
	 - Average without trees:  54.5 °C
	 - Average with trees:		   45.1 °C
										           -9.4 °C

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

SOLFD Case study
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•	 Tuindorp
	 - Average without trees:  58.4 °C
	 - Average with trees:		   50.4 °C
	                                                       -8.0 °C

•	 Vinex
	 - Average without trees:  59.0 °C
	 - Average with trees:		   51.5 °C
										           -7.5 °C
•	Bloemkool
	 - Average without trees:  59.3 °C
	 - Average with trees:		   49.4 °C
										           -9.9 °C

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

SOLFD Case study
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The created SOLFD framework allows users to:

- Simulate and assess (3D) urban designs using automated Dutch geospatial data 

- Modify existing scenes by editing and inserting trees, (3d) buildings, and materials 

- Visualize (in)direct solar radiation effects via MRT and PET 

- Evaluate design proposals with MRT maps, PET maps and comparison statistics 

- Run simulations in 2–5 minutes using GPU acceleration 

- Achieve 3D accuracy with RMSE of 5.39–5.63 °C

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Objective
To develop a framework for a tool (SOLFD), based on the SOLWEIG 
model, that enables designers to visualize current urban climate 
conditions at the neighborhood scale in the Netherlands and to 
evaluate, visualize and compare the potential impacts of proposed 
designs on these conditions for the human comfort.
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•	Progress towards a truly 3D implementation of SOLWEIG

•	Substantial acceleration of SOLWEIG through GPU integration

•	Automated pipeline for Dutch geospatial datasets

•	SOLWEIG support for modified and new urban scenarios

•	Bringing SOLWEIG closer to practical use in urban design
			 

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Contributions
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•	No validation with design practicioners

•	Exclusion of localized wind data

•	Limited support for design guidance

•	Model input limitations; trees, materials & only the Netherlands

•	Missing radiative effects of above-head surfaces

			 

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Limitations
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•	No validation with design practicioners

•	Exclusion of localized wind data

•	Limited support for design guidance

•	Model input limitations; trees, materials & only the Netherlands

•	Missing radiative effects of above-head surfaces

		  ->	Discuss, test and evaluate with design practicioners

		  -> Include fast wind model

		  -> Include design suggestions

	  -> Other CHM method, add more materials to SOLWEIG, add global datasets

	 -> Update radiation scheme of SOLWEIG			 

+ Framework -> Usable Tool

INTRODUCTION BACKGROUND RESULTSMETHODOLOGY CONCLUSIONS DISCUSSION

Future Work
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