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QGIS Heatmap Using Kernel Density Estimation
Explained

Heatmap is a nice visualization method to display event density or occurrence. Heatmap

is also used in clustering points where more points in an area will have higher value

compare to less point in the same area. Therefore, with a heatmap we can see a

concentration of event's occurrence. For example criminal events in a city can be

visualized in a heatmap, so one knows how the crime events spread around the city. Such

map is commonly called a crime map.

To create a heatmap is quite easy and straight forward. There are many software and

tools that can be   used to produce a heatmap like QGIS, ArcGIS, Crimestat, Google table

fusion, etc. We just need to upload point dataset, setting some parameters and the result

will come up. But the purpose of this post is not just to produce a heatmap with some

clicks. But more than that to explore and trying to get more understanding what is going

on behind the screen for data and parameters that have been specified. In another term,

how the algorithm  is working in producing a heatmap.

QGIS is an open source GIS software that can be used to produce a heatmap from a set of

data point with Heatmap Plugin. The plugin is using Kernel Density Estimation algorithm

for creating a heatmap. Because of that I will discuss how this algorithm(Kernel Density

Estimation) is applied to process an input point dataset into a heatmap.

Creating A Heatmap in QGIS

To get an insight for what we will discuss, firstly let's create a heatmap of theft from

vehicle incident across Vancouver, Canada.

1. Download crime data of Vancouver city 2016 from Vancouver city data catalogue. For

convenient I provided the data here. (Actually the data consist of several crime events

such as mischief, theft from vehicle, break and enter residential and other theft). I just

selected theft from vehicle crime.

2.  Add the data into QGIS map window as in figure 1.
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LABEL

Figure 1. Theft from vehicle accident in Vancouver city 2016

3. Select Heatmap plugin. It can be found in menu Raster >> Heatmap >> Heatmap...(See

figure 2)

Figure 2. Heatmap plugin

4. The heatmap plugin window will appear as in figure 3. Make sure the Input point layer

is the theft_fr_vehicle. Give a name for Output raster. I named it

theft_fr_vehicle_heatmap. Then set Radius 500. Cliked Advanced option, set Cell size X

20 and Cell size Y 20. Leave the Kernel shape as Quartic(biweight) and the other

parameter as default.

Figure 3. Heatmap Plugin window

5. After everything is done. Push OK button and the heatmap will appear as in figure 4.

Tutorial

QGIS

Geoanalytics

Geonews

Google Maps API

KML

(75)

(52)

(15)

(10)

(7)

(2)

CLOSE ADS CLOSE ADS

https://datacamp.pxf.io/c/4945342/1899106/13294
https://datacamp.pxf.io/c/4945342/1899106/13294
https://3.bp.blogspot.com/-hKCb8ifsWIQ/WfhTAvNUnWI/AAAAAAAAAoM/1oIvZO4kPkUlkT_wGwhN6Y7xHFStbb0uwCLcBGAs/s1600/vancouver_crime_point.png
https://3.bp.blogspot.com/-hKCb8ifsWIQ/WfhTAvNUnWI/AAAAAAAAAoM/1oIvZO4kPkUlkT_wGwhN6Y7xHFStbb0uwCLcBGAs/s1600/vancouver_crime_point.png
https://2.bp.blogspot.com/-vJRBnMF4zSA/WfhT_h56cmI/AAAAAAAAAoU/7RFF2FEAnBsXNyQD0zkXiE0l8KIlvVjIQCLcBGAs/s1600/heatmap-plugin-qgis.png
https://2.bp.blogspot.com/-vJRBnMF4zSA/WfhT_h56cmI/AAAAAAAAAoU/7RFF2FEAnBsXNyQD0zkXiE0l8KIlvVjIQCLcBGAs/s1600/heatmap-plugin-qgis.png
https://2.bp.blogspot.com/-LWkLjSz3QLc/WfhW5OEuWNI/AAAAAAAAAos/wWn22_q3buEa4HC-vv10CobI07HElTTxgCEwYBhgL/s1600/QGIS-heatmap-plugin-window.png
https://2.bp.blogspot.com/-LWkLjSz3QLc/WfhW5OEuWNI/AAAAAAAAAos/wWn22_q3buEa4HC-vv10CobI07HElTTxgCEwYBhgL/s1600/QGIS-heatmap-plugin-window.png
https://ad.doubleclick.net/pcs/click?xai=AKAOjsuHkAdGjxSMB0n1AQm0TtTBEcU1iTQdE-NXXwFlDyxcbSfqXwvIVeYwIyOPVFku5bUkqJpdqk3AkgnaVphL3LLvWuMUbjmnY_Fj8vRd-Jt1WZhowDy8nvUyRTHy41dK8-xDulXOuxkxixiT5dlHlc3H43w-6xblledSTHGab_Z8kmG9LGSalkrFYoixyT4P8ZUTxScZFp4-yWuoNFFHkxBJaPLxatFIrX-FbLIVPBdggmpa5j3kZouQHR817MEID1u6w1_Kh4qlNT_4bt0rARgebvVP67_Fb2lXjyGHwN16K2yzFHuvEGdHr7qCiBWKvOfcBFlwanqAvqCRAS00PfjnM2dk8E6R9O_uqHU00DGwag0AryDI8RPYNd5mATZg8K7xi0jGmov_GkH67i5KBZW4dl4cM3JYgDZGNMYYKUWaNtSJGYaQP9kT8R9lik5AfD3TM3pWNRpsYEzWhzVDyOlFjJdavoZE_I4WOYpS-fWety0w2_X6Z-6CIUqyc4FWRJZveiWVeldcLFAwUCxf2zCNmKvIlBnxPo701v_8uawbroBUl4ygR4zs11QYlAcmslS5Ox6QezP69d02YKJHIGfcs8ryDiF1AeN-LwmocqnGkrvd2_Iq9yCJzEOZHu4ReOXilINrJbHXKfjfObAzbZd7QQysdK__Zrfe6bp6ftfJgVmszOVYZXpNW2Ej7AhLbI90YykIe6pJhFb_TE7LImxU-3acIsz0ljdxDx_JQcQPW6XpL6Bb6uMdFOAegAgTZ0S3BcSIXWKE6erWAUIjiAO1-iFdN73v8G0Qisw2mxE9XkDoVbhX7b5SFmWkkBGcnRdvdvaQQjtg5Bqwf2-R2Z6VTziVtPwbnFmIKLD3_mWo9FBGxWgjsJc-dFRy0gBVJRQL0VDb0TCFTnzMbRfTYoficPGEL6eCMxk0rphQrV7NJWAmOtz_79UGdYWVlZNwq0r-AoKAhZZ4UuPP8zkIWgP8jMO-jmNBDdmYk5wYTBCs-JuNpZDpv77s8HjKTJG_9RiyQfeYzp9OqbjsDse0ZPkqO5UxRMIj1gAgoJYgdbp4PmyBpyVno88x2HIVyCB_Cy6bPt2cwDpPiMbXV4Zl6lOvfEEBzrIM09zFVNqNZezBcN4_8Bh0Esovbohd5UiHfFK62d8jeg1rtytG3V-dCeJUyC5zTBMhfn2DxgZ1eNY-HB6r7kHCY3A1K0qvVTpG65BvfXeJbJyKc3o5vF6hNtKS71JlaYWFc3OiPGimGdhU-KGaE_w5EvhPvnREYNM2HMp03Atgnli-oHjLsU6cfAKsSCvhjIruKTKpOH1Mc177uyjgSwNHJOwLHIlCrnE2tm0myaJm3vietA&sai=AMfl-YSIBwPTYEoqaw01b99iVzMs1XPK0eAjT4rGtKhDuZ3sCvDlNLAp03eoikSzs-BB5yBU_VsH1KqRZDIRQfkkkdx-_oFPa-VKErASFNKFzE2b8zk_FL7zFusgVca1A1GGnAuyMyuuXnsfJUtnTkvs9onUu6rLQNT2NYlELRzbhRPQ-f5n6WfPR-eDHllzfzjVTWp0mWXSKwy3J-fLvYOBZwOw4beY6mTxqc2GW9wZX5fqEZl92b08bpOna2sGU6Pl_nvudJ02PNVLDi6Wy4-Wv-_GXr6XUw8oS5o8Em-5C0fU&sig=Cg0ArKJSzJ4uyNqpMhLT&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9iZXltZW4uY29t&urlfix=1&adurl=https://www.beymen.com/brand-moschino-2252%3Fdclid%3D%25edclid!
https://ad.doubleclick.net/pcs/click?xai=AKAOjsuHkAdGjxSMB0n1AQm0TtTBEcU1iTQdE-NXXwFlDyxcbSfqXwvIVeYwIyOPVFku5bUkqJpdqk3AkgnaVphL3LLvWuMUbjmnY_Fj8vRd-Jt1WZhowDy8nvUyRTHy41dK8-xDulXOuxkxixiT5dlHlc3H43w-6xblledSTHGab_Z8kmG9LGSalkrFYoixyT4P8ZUTxScZFp4-yWuoNFFHkxBJaPLxatFIrX-FbLIVPBdggmpa5j3kZouQHR817MEID1u6w1_Kh4qlNT_4bt0rARgebvVP67_Fb2lXjyGHwN16K2yzFHuvEGdHr7qCiBWKvOfcBFlwanqAvqCRAS00PfjnM2dk8E6R9O_uqHU00DGwag0AryDI8RPYNd5mATZg8K7xi0jGmov_GkH67i5KBZW4dl4cM3JYgDZGNMYYKUWaNtSJGYaQP9kT8R9lik5AfD3TM3pWNRpsYEzWhzVDyOlFjJdavoZE_I4WOYpS-fWety0w2_X6Z-6CIUqyc4FWRJZveiWVeldcLFAwUCxf2zCNmKvIlBnxPo701v_8uawbroBUl4ygR4zs11QYlAcmslS5Ox6QezP69d02YKJHIGfcs8ryDiF1AeN-LwmocqnGkrvd2_Iq9yCJzEOZHu4ReOXilINrJbHXKfjfObAzbZd7QQysdK__Zrfe6bp6ftfJgVmszOVYZXpNW2Ej7AhLbI90YykIe6pJhFb_TE7LImxU-3acIsz0ljdxDx_JQcQPW6XpL6Bb6uMdFOAegAgTZ0S3BcSIXWKE6erWAUIjiAO1-iFdN73v8G0Qisw2mxE9XkDoVbhX7b5SFmWkkBGcnRdvdvaQQjtg5Bqwf2-R2Z6VTziVtPwbnFmIKLD3_mWo9FBGxWgjsJc-dFRy0gBVJRQL0VDb0TCFTnzMbRfTYoficPGEL6eCMxk0rphQrV7NJWAmOtz_79UGdYWVlZNwq0r-AoKAhZZ4UuPP8zkIWgP8jMO-jmNBDdmYk5wYTBCs-JuNpZDpv77s8HjKTJG_9RiyQfeYzp9OqbjsDse0ZPkqO5UxRMIj1gAgoJYgdbp4PmyBpyVno88x2HIVyCB_Cy6bPt2cwDpPiMbXV4Zl6lOvfEEBzrIM09zFVNqNZezBcN4_8Bh0Esovbohd5UiHfFK62d8jeg1rtytG3V-dCeJUyC5zTBMhfn2DxgZ1eNY-HB6r7kHCY3A1K0qvVTpG65BvfXeJbJyKc3o5vF6hNtKS71JlaYWFc3OiPGimGdhU-KGaE_w5EvhPvnREYNM2HMp03Atgnli-oHjLsU6cfAKsSCvhjIruKTKpOH1Mc177uyjgSwNHJOwLHIlCrnE2tm0myaJm3vietA&sai=AMfl-YSIBwPTYEoqaw01b99iVzMs1XPK0eAjT4rGtKhDuZ3sCvDlNLAp03eoikSzs-BB5yBU_VsH1KqRZDIRQfkkkdx-_oFPa-VKErASFNKFzE2b8zk_FL7zFusgVca1A1GGnAuyMyuuXnsfJUtnTkvs9onUu6rLQNT2NYlELRzbhRPQ-f5n6WfPR-eDHllzfzjVTWp0mWXSKwy3J-fLvYOBZwOw4beY6mTxqc2GW9wZX5fqEZl92b08bpOna2sGU6Pl_nvudJ02PNVLDi6Wy4-Wv-_GXr6XUw8oS5o8Em-5C0fU&sig=Cg0ArKJSzJ4uyNqpMhLT&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9iZXltZW4uY29t&urlfix=1&adurl=https://www.beymen.com/brand-moschino-2252%3Fdclid%3D%25edclid!
https://www.geodose.com/search/label/Tutorial?&max-results=8
https://www.geodose.com/search/label/QGIS?&max-results=8
https://www.geodose.com/search/label/Geoanalytics?&max-results=8
https://www.geodose.com/search/label/Geonews?&max-results=8
https://www.geodose.com/search/label/Google%20Maps%20API?&max-results=8
https://www.geodose.com/search/label/KML?&max-results=8


28.12.2023 12:15 QGIS Heatmap Using Kernel Density Estimation Explained

https://www.geodose.com/2017/11/qgis-heatmap-using-kernel-density.html 3/10

Figure 5. Theft from vehicle heatmap

6. Hmm...it looks ugly, doesn't it? So let's make it more colorful. Right click the heatmap

layer. In Layer Properties window as in figure 6, choose Style. Change Render type to

Singleband pseudo color. Then choose your favorite color in the Color option.

Figure 6. Change heatmap color style

  8. Next goes to figure 7. Still in Layer Properties, here we change the blending mode.

Choose Darken (You can experiment with other blending option). Click apply to see the

result immediately in the thumbnail preview. Finally push OK button when done. The

result of heatmap with the new style can be seen in the figure 8. 
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Figure 7. Change Heatmap color blend

Figure 8. Theft from vehicle heatmap with singleband pseudocolor

It's done. The theft from vehicle heatmap of Vancouver city shows us how the incidents

are spread in the city. In the north of the city can be seen the color is darker which

indicates high density value. So take care when you park a car there :).

Kernel Density Estimation Algorithm

As I mentioned earlier. The heatmap was created with Kernel Density Estimation

algorithm. Now let's explore how this algorithm is working, so we can tune related
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parameters to get a more meaningful heatmap cause we understand how the result

comes up.

Kernel Shape

Estimation is predicting an unknown value at a location from reference points. Actually

in predicting the unknown value we interpolate the value from known points value.

Therefore we also called KDE as Kernel Density Interpolation. In estimation a point value,

KDE uses a Probability Density Function (PDF). What is PDF and how could it be used to

estimate an unknown value? To answer this question, I will give an illustration. Assume

there is a road segment and I want to know how long it is. So I measure it with a tape, first

measurement (forward)  I got 100.251 m.Then backward I got 100.310 m? Hmm...why they

are different. I am curious and take the third measurement, got the figure 100.279 m. How

could this happen? The answer is Error. In every measurement there is an error. Nobody

knows a real measurement value except God. But what could I do to get a value closest to

the real value? Take more measurement!!! More measurement, more number of   values

that close the real value, thus it has more probability to get the real value which is my

expected value. But I don't want to waste my time measuring the road 1000 times.......

The same problem already happened hundred years ago. In the 17th century, Galileo

made an astronomical observation and noted that the errors from the observation were

symmetric and small errors occurred more frequently than large errors. This led to

several hypothesized of distribution errors. Later in 1809 Gauss developed the

distribution normal function and showed that errors were fitted well by this distribution.

(Read the history here). The function of normal distribution, which is also called Gauss

distribution can be seen in equation 1. If this function were plotted with some defined

parameters, we can see how it looks like in figure 9.

Equation 1. Distribution Normal function

Figure 9. Normal distribution curve

The normal distribution curve looks like a bell, and simply in KDE we call this as Kernel

Shape. If we look at heatmap plugin, there are some Kernel shapes available, there are:

Quartic, Triangular, Uniform and Epanechnikov.   But there are more kernel shapes

available like Cosine, Gaussian, Tricube, etc. Some of these shapes can be seen in figure

10.

CLOSE ADS CLOSE ADS

http://onlinestatbook.com/2/normal_distribution/history_normal.html
https://4.bp.blogspot.com/-wl9tqXcH7KM/WgFflg0aXzI/AAAAAAAAAqI/CqDq0hLQ3cQ0e_si8_47dHD7JbfUA0HcwCLcBGAs/s1600/gauss-normal-distribution.gif
https://4.bp.blogspot.com/-wl9tqXcH7KM/WgFflg0aXzI/AAAAAAAAAqI/CqDq0hLQ3cQ0e_si8_47dHD7JbfUA0HcwCLcBGAs/s1600/gauss-normal-distribution.gif
https://3.bp.blogspot.com/-ZNdoOlwOQmY/WgGGtVUZOyI/AAAAAAAAAqY/53-yGILVHGkM1JqvxUoSPtartbh8q29YwCLcBGAs/s1600/normal-distribution.png
https://3.bp.blogspot.com/-ZNdoOlwOQmY/WgGGtVUZOyI/AAAAAAAAAqY/53-yGILVHGkM1JqvxUoSPtartbh8q29YwCLcBGAs/s1600/normal-distribution.png


28.12.2023 12:15 QGIS Heatmap Using Kernel Density Estimation Explained

https://www.geodose.com/2017/11/qgis-heatmap-using-kernel-density.html 6/10

Figure 10. Kernel Shapes (Source: https://en.wikipedia.org/)

Next question. How those shapes are used in estimation of unknown point? As we

already knew, the density value is defined by a Kernel shape with a function . To apply it

for a heatmap, the function must be transformed into a "geospatial sense" form, because

it will be used to predict an unknown value at a point from a point with known value.

Here the distance between known to unknown point is a parameter which must be

involved in the function. But where we will put it in the function? For example, in the

normal distribution function in equation 1, we can see there is (𝚡-𝜇) term. This term is the

distance between a value (x) with the expected value (𝜇). This term can be translated as

the distance between known to unknown point (d). Then 𝜎 is standard deviation.

Standard deviation in statistics measures variation of dataset values. Actually it is the

average distance of x to 𝜇. So this term in KDE is translated into bandwidth (h). For

Gaussian, h remains as standard deviation but for other kernels h is radius. Hence the

equation of KDE with Gaussian Kernel shape has the form as in equation 2, with the

visual illustration can be seen in figure 11. If we standardize the h parameter into 1 (100%),

the equation 2 can be simplified into equation 3.

Equation 2. Gaussian KDE function

Equation 3. Standardize Gaussian KDE Function

Figure 11. Gaussian Kernel Shape
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From figure 11 we can observe that the density value of unknown point will decrease

smoothly following the Gaussian Probability Density Function (PDF). It means the

unknown value will deviate largely as it moves away from a known point. Other Kernel

Shape functions are summarized in the following table.

Kernel Function Shape

Gaussian

Quartic

Epanechnikov

Triangular

Triweight

Uniform

 

How to Choose A "Right" Kernel Shape

This is the hardest part in this post. How to choose a right kernel shape? Honestly I don't

know the exact answer. But after some research I found a hint in determining a kernel

shape. Based on Crimestat III workbook, there are two questions to answer in deciding a

kernel shape. First. How large an area will have the effect from an incidents. Second. How

much of the effect will remain at original location and how much will be dispersed

throughout the bandwidth interval. For example if you think the effect of accident will

decrease in linear pattern from an original location, then Triangular Kernel would be a
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good option. Otherwise if the accident will have the same effect throughout a specified

radius, the Uniform kernel would be a good option. So understanding the two questions

above for a case will give a better decision in choosing a kernel shape and related

parameters.

The following table gives kernel shape option for some types of crime. Although it is for

crime mapping, hopefully it could give the idea in defining a kernel shape for other cases.

The table was taken from Crimestat III workbook.

I hope this post could give you an understanding what is a Kernel Density Estimation and

its application in creating a heatmap. In the next post, I give a numerical example how

this algorithm is used to estimate an unknown value from a reference point. So you will

get a complete understanding from theory and its implementation.

Buy me a coffeeBuy me a coffee

 Geoanalytics  QGIS  Tutorial
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