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1 Introduction

1.1 Abstract

The continuously increasing population within cities imposes the future challenges related
to planning and managing the sustainable environment and urban heat island has been

recognized as one of the leading environmental issues of the 21t century. Thanks to the

variety uses of Netatmo weather station, more and more temperature data could be used
for UHI research. So far, there already have been two MSc projects (TU Delft) that relate
Netatmo data to UHI modeling. However, due to character of this station, it sometimes
could generate unreliable records when expose to solar radiance. Thus, the current work
is focusing on develop a way, combining with points cloud to filter outliers from Netatmo
records.

The following part in section 1 will introduce scientific background related to this project.
Section 2 will propose the main question as well as sub-questions the project plans to solve
and section 3 is relevant work done by others. The specific method to answer the proposal
questions will be elaborated in section 4 and the schedule of this project will be shown in
the final section.

1.2 Urban Heat Island (UHI)

An urban heat island (UHI) is an urban area or metropolitan area that is significantly
warmer than its surrounding rural areas due to human activities. In the last ten years,
extreme heat conditions were observed more frequently, which provided more information



about the related negative effects on the population and the economy. One example is the
summer mortality rates in and around Shanghai yields heightened heat-related mortality in
urban regions and UHI is directly responsible [1]. One paper also found that this increase
in air temperature is responsible for 5-10% of urban peak electric demand for a/c use in
USA [2]. Besides, one study shows that UHI in has an important impact on the primary and
secondary regional pollutants, more specifically the ozone and the nitrogen oxide (NOXx)

[3]-
There are three types of heat islands based on different components (Figure 1):

® canopy layer heat island (CLHI)
® Dboundary layer heat island (BLHI)
® surface heat island (SHI)

The first two refer to a warming of the urban atmosphere; the last refers to the relative
warmth of urban surfaces. The urban canopy layer is the layer of air closest to the surface
in cities, extending upwards to approximately the mean building height. Above the urban
canopy layer lies the urban boundary layer, which may be 1 kilometer or more in thickness
by day, shrinking to hundreds of meters or less at night [4]. The Canopy Urban Heat Island
is the most studied one because of its direct relevance to the people’s health, therefore
CUHI is the type that is mostly discussed concerning the UHI topics.
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Figure 1. Schematic depiction of the main components of the urban atmosphere. [5]

Depending on the different types of UHI two main acquisition methods have been used —
remote sensing or ground-based temperature measuring stations. Researchers measure
air temperatures for CLHI or BLHI directly using thermometers, whereas the SHI is
measured by remote sensors mounted on satellites or aircraft. The main difference
between the two methods lies in their spatiotemporal characteristics - ground-based
measuring has the advantage of high temporal resolution, but only one data per sensor.
On the contrary, remotely-sensed data has a higher temporal resolution, but the data
describes one point in the period of time.



1.3 Quantifying the UHI

There are numerous approaches available to quantify the UHI effect. The canopy UHI is
traditionally measured using station which is not ideal as station pairs offer limited spatial
information. As an alternative, many studies have attempted to quantify the UHI using
remote sensing. This provides spatial data at a daily resolution but is limited as it observes
land surface temperatures as opposed to canopy air temperatures. Given these restrictions,
numerical models are frequently used instead to quantify the UHI [6]. However, due to lack
of observation data, the validation of accurate UHI simulations is hard to guarantee [7].

A recent trend in urban climatology has seen a growing number of high resolution urban
meteorological networks brought about by the decreasing costs of instrumentation. But
there remains a considerable scientific challenge in sufficient quality to be accepted by the
atmospheric science community [8]. A new opportunity, Netatmo weather station has
recently emerged in this area in the form of low cost, citizen science weather stations that
connect to smartphones and local Wi-Fi networks to relay crowdsourcing data in real time
to the sever.

1.4 Crowdsourcing data

Crowdsourcing data is a sourcing model in which organizations or company can derive
data from many users or publics. Advantages of using crowdsourcing may include
improved costs, speed, quality, flexibility, scalability, or diversity [9].

Crowdsourcing was first termed by Howe referring to the idea of outsourcing to the crowd
[10]. Linked with public engagement activities via citizen science, crowdsourcing is now
increasingly finding itself as an established technique for collecting mass data in many
scientific disciplines [11]. However, with these few notable exceptions, the use of
crowdsourced data in the atmospheric sciences is actually very limited when compared
with other areas of scientific study and the main reason is how to obtain a precise and
representative observation [12]. Despite these concerns, the results from the validation
exercise of the Netatmo with standard measurements have proved promising [13].

The amateur weather station chosen to be used in this study is the Netatmo weather station,
which is easily configured and controlled by a smartphone to monitor and record the local
environment and coordinates. Besides, the spatial density of Netatmo station ensures that
these stations could work as a network not singly. The dense data means more choice
when dealing with data e.g. when one or two station is faulted, it's possible to replace by
other stations.

Records from the station is transmitted wirelessly, using Wi-Fi and configuring by bluetooth,
to the cloud where it can be accessed via a smart device, as well as being made available
online via a ‘weathermap’ (Figure 2) on the Netatmo website with observations updated



every 15 min. It's also noticeable that the data shows in the” weathermap” is already filtered
by the “Netatmo” so the data looks much more harmony than the raw data from API.
Netatmo API ensures retrieve publicly shared weather raw data from outdoor modules
within a predefined area and that’s also the data source in this project.
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Figure 2. Netatmo Weather Map

The Royal Netherlands Meteorological Institute (KNMI), provides hourly temperatures for
certain locations. The KNMI sensors are located in the rural environment: KNMI 330 is
located at the Hoek van Holland (next to the sea) and the KNMI 344 (The Hague airport)
[14]. Consequently, KNMI for now is not suitable for researching temperature difference
between urban and rural area.

Alternatively, although this weather station most of time can provide reliable temperature
data, the raw data (very noisy) may not suitable enough for AUHI research before further
processing. The first reason is that there is not case which can block radiance outside the
weather station, however, air temperature measurement influenced by sun radiance could
be higher than true air temperature. Netatmo also mentions that temperature records
exposed sun could be 1-2 °C higher than that in shadow [15]. The second reason is that
the most of Netatmo users are not experts and this means they might put the sensor
anywhere or for different purposes (Figure 3) and therefore sensors could generate
abnormal temperature pattern or extreme values. What's more, the location of Netatmo
stations are given by user’s smartphone or simply using the address or by clicking in a web
map. Usually the accuracy of smartphone GNSS is about 15-30m and depends on
smartphone itself and GNSS application [16]. Regarding that most of the stations are put
near buildings, accuracy of the location may also suffer from multipath influence. Besides,
some system errors are also found in the raw data, e.g. some sensors record temperature
only 10 times per day which is not enough for further research and some sensors keep
recording same value which may result from hardware issues. An example of system errors
shows in the Figure 6. It's obvious find top two lines don’t change too much with time,
which fail to fit with the common sense.



Figure 3. Different uses for Netatmo weather station[17]
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Figure 4. Example of system error (data source from Netatmo API on September 10", 2018

1.5 Problem statement

Urban heat island has been recognized as one of the leading environmental issues of the
21st century. In the last ten years, extreme heat conditions were observed more
frequently, which provided more information about the related negative effects on the
population and the economy.

Quantify the UHI using remote sensing now mainly not suitable for canopy layer heat island
research which focus on air temperature above the surface. Air temperature usually
detected by traditional ground-based thermometer (Figure 5) which at certain height above
the ground and placed in the shade. However, due to lack of spatial resolution, traditional
thermometers are hard to cover rural area or city nevertheless further spatial UHI research.



Figure 5. traditional ground - based thermometer[18]

Netatmo, as a new crowdsourcing weather data, has significant strength in spatial and time
resolution in temperature measurement. However, two main challenges existing in
Netatmo station cannot be ignored in UHI quantifying research. The first challenge is
outliers in the raw data. Outliers could come from system error or solar radiance as
discussed in section 1.4, but so far previous work mainly use mathematical way to remove
system error and there is lack of method to remove outliers caused by solar radiance.
Another challenge is accuracy of stations’ location. The reason why accurate locations are
important in UHI research is that the temperature divergency could be remarkable. Figure
6 shows an example of UHI modeling result in the Haag. UHI could relate to many factors
e.g. NDVI, building density, land surface character and so on so the air temperature in
different regions within one city could shows significant variation (also shows in the figure
6). In another word, any specific place in the city has its corresponding UHI impact factor.
Accordingly, obtaining an accurate location of each sensor should not be ignored in UHI
guantifying or observation.

Hence, the problem that this work is focusing on is developing a method which is able to
find accurate location of the Netatmo stations and filter outliers especially caused by solar
radiance.
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Figure 6. UHI modeling result in the Haag [20]

2 Research questions and scope

2.1 Research questions

® How to locate a more accurate position of NETATMO sensors?

1. How to find potential location of real sensors are?

2. How to know sensor’s record is higher than it should be and filter outliers
caused by direct solar radiance?

3. Fora certain area, how to know when it receives direct solar radiance?

2.2 Research scope

This thesis will focus on the temperature data from Netatmo outdoor modules in the Haag
so other data e.g. indoor modules or data in other cities will not be considered. Besides,
the project will mainly analysis outliers from direct solar radiance but other types of outliers
e.g. system error will only be briefly discussed. Also, the project will not concern UHI
modeling or other factors that contribute to UHI (except solar radiance).

3 related work

So far, there have been three Msc thesis projects related to the NETATMO weather station
and all of them stress the UHI modeling. Lilia Angelova has developed a mathematical
method to filter outliers in NETATMO temperature data as well as several UHI model
indicators, e.g. sky view factor and NDVI and these method and indicators are based on
2D data [19]. Likewise, Anna-Maria Ntarladima focused on the dynamic UHI research as
well as dynamic modeling [20]. Iris A.H. Theunisse created a 3D temperature model by
combining weather station data and CityGML, but she didn’t concern other factors which
might bring influence on temperature in the city [21].



Other papers relate to UHI base on Netatmo sensor are not much. One finds not only
promising benefits (high spatial resolution) from Netatmo data for urban climate research
in Berlin but also challenges: user-specific and sensor-specific measurement errors[10].

Unfortunately, researches about using 3D model or points cloud to filter the data or find
the location of sensors cannot be found so far.

4 Methodology

4.1 Data pre-process

As section 1.2 mentioned above, raw data contains many outliers which not only result
from solar radiance but also because of system errors. Obviously, system errors (e.g.
hardware failure) are not concerned in this project so they should be removed before
further process. It's noticeable that some extreme high temperature records not
necessarily mean system errors but cause by direct solar radiance because it might result
from that users put station somewhere warmer than the environment e.g. next to the
building’s wall in winter. The project will only confirm a sensor is “problematic” when it
shows very abnormal pattern e.g. temperature difference between sunset and sunrise less



than 5 °C (this just a threshold on the initial stage; the temperature difference between sun
rise and set is complex, so this threshold just needs to ensure that phenomenon in Figure
4 will not appear) or wrong recording frequency. Once a sensor is problematic, it will be
deleted in the dataset because it is considered as unreliable. Also, the remaining points
will be clipped in Qgis which ensures every sensor is located in the Haag (Figure 6). Notice
that all sensors or Netatmo weather station the paper mentions below are after pre-process.
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Figure 6. Sensors’ distribution after pre-process

4.2 Detecting higher temperature time

It's important to know when the Netatmo station will record higher temperature than it
should be, and this also means the time the station is exposed to solar radiance. This “time”
can be used to locate sensor more precisely (shows in section below). However, it is almost
impossible to know an accurate real air temperature at each sensor’s location, so the data
(time and precise difference) will not be derived directly. Interpolation method is helpful to
predict the value but will largely influenced by the nearest points and the reliability of the
nearest points are unknown. According to this, the project plans to use “average
temperature” to represent real temperature. Although the absolute value here is not
accurate, the temperature changing pattern is more or less reliable because “average”
relieves the outliers influence from solar radiance. The reason is that the time sensors
expose to solar radiance is not identical and all sensors are taken into consideration with
same weight therefore, outliers could be “diffuse”.

After that, it's possible to know when temperature is higher than it should be by using
record data minus average data, following non-linear LSA (least square adjustment) to get
a smoother line. An example (only one sensor) shows in picture below. Red dots mean
temperature differences between records and averages while blue line is a non-linear
function with red dots. Here we obtain 95 data (x-axis) because raw data updates 15 min
per time and there will be 95 records in one day. The blue line increases significantly from
x=30 to x=60 and the corresponding time is about 7:50am and 2:50pm respectively (Figure
7). Accordingly, this sensor is likely to expose to sun radiance during this period of time.



It's noticeable that not all sensors will show the pattern like Figure 6. For example, it might
be like a flat line with neither decrease nor increase, or the increase is not significant.
Hence, defining a threshold to tell whether and when a sensor is influenced by solar
radiance is required. Sensors who will be influenced will go to section 4.3.

Fit temperature difference with leastseq method
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Figure 7. One example of using LSA to simulate temperature difference

4.3 Generating potential location of Netatmo stations

Although the coordinate of each station is given, it's actually a rough location info and a
real location of a station could be inside a buffer of the given location. The radius of the
buffer is the accuracy of the given location.

Another resection of the buffer is buildings. All temperature data used in this project are
collected from Netatmo station outdoor module (it is possible that some users use outdoor
module inside, but they are removed in pre-process) so the part where the buffer covers
buildings will not be considered when generating potential location. The buildings’ footprint
will be extracted from BAG. Then generate points with same distance (Figure 8).
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Figure 8. Principle to generate potential location

4.4 Computing sky view (dome) and sun parameter

In order to know, for each potential location, when it receives solar radiance, sky view and
sun position will be computed. Dome reconstruction is done by Urban Horizon project [22]
and this project will add functions on basis of their work to calculate sun’s position and the
time a position receives direct solar radiance. The principle is to know when then sun will
not be blocked by grey (buildings) and green (vegetation) part in figure below.

Figure 9. left: one selection point;

right: dome output from Urban Horizon project and orange point means sun’ s position

4.5 Finding the most likely location of the station

The idea of this section is by comparing the result from 4.2 to 4.4 for each sensor. For
example, if the result derived from section 4.2 is “7:50am to 2:50pm the sensor will detect
higher temperature than is should be”, then the potential location whose output from
section 4.4 is the closest to “7:50am to 2:50pm” will be set as the real location of the
Netatmo station. It's noticeable that only station who can find “increase pattern” in section
4.2 will be take into consideration in 4.3 to 4.5. Those cannot find “increase pattern” could
means the station is in the shadow all the time. Although locate them is impossible in this
project, actually in another way, they almost don’t have outliers cause by solar radiance.

4.6 Filtering outliers that influenced by solar radiance

Once the location of each sensor is known (exclude “shadow station” mentioned above),
it could be more than one way to filter outliers. For instance, for each recording time it is
possible to replace the noisy sensor's record by interpolation with sensor that not



influenced by solar radiance. Alternatively, it is also possible to develop an algorithm to
process data when it influenced by sun.

4.7 Validation

The idea is that checking the results from different date. More precisely, the methods
mentioned above are all based on one-day data, so this means everyday data could be a
control group. Then because the sensors are fixed so the result of sensors’ location from
different date should be same. If the location difference of each sensor is less than some
threshold then it's reasonable to say the method is validated.

5 Schedule

Start End Activity

Sep. 15 Nov.14 Exploring the topics

Nov. 15 P1

Nov. 16 Dec.1 Literature review

Dec. 2 Dec.23 Pre—process of Netatmo data

Dec. 24 Jan.9 Studying factors related to solar radiance

Jan. 10 P2

Jan. 11 Jan.31 Combining sky view factors related to solar radiance
Feb. 1 Feb.25 Creating potential location of sensors

Feb. 25 Mar.4 Finding the most likely location of the station
Mar. 5 P3

Mar. 6 Apr.l Optimizing final implementation

Apr. 2 Apr.30 Writing Thesis

May. 1 P4

May. 2 May.15 Finalizing thesis

May. 16 May.31 Preparing presentation

Jun. 1 P5
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