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1 Exercise outline

In this exercise, we will:

learn what is Urban Heat Island effect and what causes it
understand the Sentinel-3 LST product and know what it is used for
learn how to use land cover / land use band for extraction of land
temperature

extract the mean temperature value by means of Pin placing tool and
SNAP Statistics tool

analyze and classify the increase in surface temperature

visualize the resulting Urban Heat Island map clipped of an

interesting area
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2 Urban Heat island detection

More than half of the world's population currently lives in urban areas. This
trend is expected to continue. Rapid urbanization has a positive impact on
economic growth. However, the negative effects of urbanization on a
global scale are also widespread. These include in particular:

e Loss of natural habitats
e Changes in biodiversity
e Climate impacts

e Environmental pollution
e And other factors

A typical example of the impact of urbanised areas on the local climate is
urban heat island (UHI) effect. This climate effect causes:

e Transformation of mechanical energy into heat

e Lower albedo of the urban environment compared to the
surrounding area

e Atmospheric aerosols in the air

The result is faster warming of urban zones compared to non-urbanised
surroundings. Air temperature in densely urbanised areas is higher than in
suburbs and rural areas. Highest intensity in winter, during high atm.
pressure, windless, evening, night, early morning.
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2.1. Study area and image download

The study area is situated in capital city of France Paris. in July 2019, a 70-
year temperature record was set in Paris. The highest temperature was up
to 41 degrees Celsius. Temperature records also set in other cities in France

and other European capitals.
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Source: httpsy//www.timeanddate.com/Weather/france/paris/historic?month=78year=2019

ESA's Sentinel-3 Sea and Land Surface Temperature Radiometer
instrument provides a reference dataset of land surface temperature and
sea surface temperature. Capable of determining global sea surface
temperature to better than 0.3 K (0.3 °C; 0.5 °F. SLSTR products are provided
in 2 levels. Level 2 products consist of marine and terrestrial geophysical
quantities divided to 4 types (FRP, AOD, LST, and WCT). One of them is LST
- Land surface temperature used for this exercise.

Download images:
Night acquisition

S3A_SL_2_LST 20190724T210604_20190724T210904_20210120T092625_0
179_047_200_0720_LR1_R_NT_004
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Day acquisition

S3B_SL_2_LST___20190725T101824_20190725T102124_20200820T171634_01
79_028_065_2160_LR1_R_NT_004
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from Copernicus Open Access Hub

[Attps//scihub.copernicus.eu/dhus/#/home]
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2.2. Image pre-processing

Opening LST band

Firstly, we will import both Sentinel-3 LST images for determining the
temperature of the Earth's surface (band LST)

Product Explorer X | Pixel Info
OB [1]53A_5L_2 LST__ 20150724T210604_
i1- (30 Metadata
i1- (03 Index Codings
+- (33 Flag Codings
- Vector Data
- (23 Tie-Point Grids
i oI
Il TCwWv
[ biome

fraction

B LST_uncertainty
Il x_in

-l y_n

' ﬁ bayes_in

i@ doud_in

i-[@ confidence_in

' E painting_in

[l probabiity_doud_dual_in
] probabiity_doud_single_in
il elevation_in

i latitude_in

[ longitude_in

Subset

Secondly, we will create a cutout of the image using the Raster - Subset
tool. For change the original scale of the image we will use Spatial Subset
tab. For this case study we will use the following Geo coordinates:

N 51.000
W 0.200
S 46.000
E 4.500
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The next step is to reduce bands using Band Subset function. When
creating a subset, it is advisable to select the bands needed for processing
purposes only, shown in the following figure.

E Specify Product Subset

Spatial Subset | Band Subset | Metadata Subset

NDVI I

[] Toww
biome
LST

[] LST_uncertainty

|:| exception
x_in
y_in
[] bayes_in
[] eloud_in

|:| confidence_in

|:| pointing_in
[ probability_cloud_dual_in
[ erobability_cloud_single_in
|:| elevation_in
latitude_in

longitude_in

Gridded Nommalized Difference Vegetation index ™
Gridded Tetsl Column Water Vapour

Gridded GlobCover surface clazsification code
Gridded fractional vegetation cover

Gridded Land Surface Temperafure

Gridded Land Swfsce Temperature eztimated tof
Gridded LST pixel exception flags

Geolocated x (scross frack) coordinate of defecto

Geolocated y (along track] coordinate of detecto

Probability of cloud in pixel [dual view)
Probability of cloud in pixel (single view)
Surface elevation of detector FOV centre sbove
Latitude of detector FOV centre on the eanth's su

Longitude of defector FOV centre on the eanth'z . v

Reprojection

In this step Sentinel-3 SLSTR product cut-outs need to be reprojected.
Therefore, it is necessary to select and choose the most appropriate type of
map projection for the given image (in this case - UTM / WGS84). This
function is available by Raster - Geometric operations - Reprojection option
(need to check the output file path.

File

Help

1fo Parametersl Reprojection Parametersl

Coordinate Reference System (CRS)
(@) Custom CRS

Geodetic datum: |World Geodetic System 1984

Projection; I UTM [ WGES 84 (Automatic) o I
Projection Parameters...
() Predefined CRS Select...
(") Use CRS of

Final image subset
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After the reprojection we will make the final image subset to refine the

location of interest using the Raster - Subset tool with following
coordinates:

50.000
0.600

48.200
3.300

m wn S Z

B specify Product Subset >

Spatial Subset | Band Subset Metadata Subset

~
Pixel Coordinates | Geo Coordinates
Morth latitude bound: 50.00 1
West longitude bound: p.sols
South latitude bound: 48.20 =
East longitude bound: 3303
Scene step ¥: 1
Scene step ¥: 15
Subset scene width: 162.0
Subset scene height: 169.0
Source scene width: 449
Source scene height: 465
(] Fix full width
Use Preview
[ ] Fix full height
W

Estimated, raw storage size: 13.5M

Cancel Help

After this step we obtain the final extent of the area of interest. Also we can

rename files as LST_20190724_night and LST_20190725_day for better
orientation.

2.3. Image temperature comparison

Visual comparison of both images temperature

Firstly, View final products in the Product Explorer panel and visualize LST
bands. For better visual representation we click in the Colour Manipulation
panel and Basic tab and select the 5_color "ramp" colour scale. It is also
advisable to set minimum and maximum temperature values
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Navigation - ...| Colour... % [Juncertainty ... | World View | —

Edibnr: (") Sliders (") Table @ @'
=

Colour ramp: g

Ice'i\'en: from derived from 5_colors | Loggg

_iop_guality

After opening both LST products in a horizontal tiling window, we identify
day versus night differences. Temperature values are given in Kelvin (K),
according to the relationship C = K + 273.15

Night

Pixel Info panel shows temperature for individual pixels in the LST band
with their geographic coordinates. if you want to convert K to °C, you can
use any available online converter.

Product Explorer Pixel Info X ' = - " '

) Positon Prepocet z Kelvina na Celzia

Image-X L09 pied

Image-Y 102 |pixel

Longitude | 2725154 =degree Kelvin 321.73 K
Latitude 42°55' 05" Ndegree

Map-X [ 458371.2€€70. . .m < Konvertovat || x Resetovat || Zamenit
Map-¥ [ 5418€25.1640. .. Jm

[ Time Celzia 48.58 °C
—| Bands

LST I 321, T200LK I 321.73K - 273.15

[ TePontornds Kalkulacia: - 4g.sgoC

|+ Flags
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Import land cover band

To more easily identify the influence of urbanised areas on temperature, it
is useful to subtract the average temperature of non-urbanised areas
outside the city. For that, we first add a land cover band to identify different
land cover / land use or use a LUC band called a biome.

Product Explorer | Pixel Info =
= i [1]L5T_20190724_nigth

d Yellow (255,255,0)
—— ]
1
e [

< »

2 More Options @'

Finding the mean temperature value for a given image - using the Statistics
panel.

Statistics |
LST
#Pixels total: 25894
Mirimum: 280.7720 275
: - 300
Maximum: 305.6540 250 75
Mean: 297.5708 595 -
Sigma: 2.4204 == 250
edian: . 200 = 225
Coef Variation: [NaM 175 E 200
EML: MNaM %)) W
o w
P75 threshold: [299.0254 £ 150 E s
P80 threshold: |299.4148 Qo = 150
1= u
P85 threshold: |299.8529 5 125
P90 threshold: [300.5344 100 S 100
Manx error: 0.0487 75
75
50 50
25 25
0 0
280 285 200 295 300 305 0 25 50 75 100
Value Percentile (24)

2.4. Extracting the mean temperature value

The next step is to derive the mean temperature around Paris through
specific pixel values. A suitable tool for this control point placement is the
Pin placing tool.
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QAN RO

Pin placing tool| + & B[ sT %

Optimal number of approximately 10 control points. Based on the control
points, it is possible to derive a mean temperature value.

Then, we can derive the mean temperature value for the pixels identified
by the pins using the statistical tool of SNAP (Analysis — Statistics. We select
the option Select ROI Mask(s), go down in the list and select pins. In the
next step, we press the refresh button. From the panel on the right, the
mean temperature value can be extracted at 299.5146K (night) and
318.2048K (day).

E x

Statistics X |

LST with ROI-mask pins
#Pixels total: |10

~
¥

1.0 300 Ise ROT mask(s):
0.9 275 Filter: ==
08 250 [[Jexception_saturation ~
= 225 [exception_invalid_radiance
0.7 5 500 [[Jexception_no_parameters
EML: 16174.5274 w % [[exception_unfilled_pixel
275 threshold: | ; ] oe o175 [Jexception_LST_underflow
P75 threshold: 300.6277 b3 =
P80 threshold: [300.6277 g 05 = 150 [[exception_LST_overflow
P85 threshold: [300.6543 T Y 15 .IE_XEEDBDn_hmmE
P30 threshold: [300.6543 r;u 100 —| [|pins v
Max error: 00030 03 75 [ selectal [] Select none
02 50
0.1 o5 Histogram accuracy
0.0 _D Auto accuracy
208.0 298.5 299.0 299.5 300.0 300.5 0 25 50 75 100 Histogram accuracy: 35
Value Percentile (%0) @ @

2.5. Creating the new band for UHI

In the next stage, the mean temperature of non-urbanised areas is
subtracted from the LST measurements. We can use the Band Math
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operator, for this purpose. Right click on the LST_20190724_night product
and we select Band Math.

Target product:
[1] LST_20190724_rigth =
MHame: LHL_M
T T Description:

Product Explorer X | Pizel Info - (|3

o [1]LST_20190728 mimte Lk

o @ [2]LsT_20190] Band Maths... Spectral wavelangth: 0.0

Add Elevation Band 1J..u| (save expression only, don't store data))

Add Land Cover Band
Replace Mal and infinity results by Mah

¥ Group Nodes by Type
Open RGE Image Window

Open HSV Image Window

Load... Save... | Edit Expression... I

(o] oo | [

We change the band name to UHI_N, un-select Virtual and we click on the
Edit Expression button. The result is stored as a separate UHI_N band,
according to the expression: LST - 299.5146 (for night image).

E Band Maths Expression Editor X
Data sources: Expression:
NDWI ~ @+@ LST-299.5146
biome:
z-@
fraction
+

LST e'e
exception @/@
x_in @
Y Constants... w
latitude_in W

Operators... ~
Show bands

Functions. . e
Show masks

Show tie-point grids

[ show single flags

Cancel Help

Then, we close all previous visualizations except for the latest created
UHI_N band.

2.6. Comparison of day-night temperature changes

In the Colour Manipulation panel we select again the colour scale and also
sets the temperature range for urbanized areas from O to 6. This range
symbolises the temperature rise in degrees K for individual pixels in
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urbanized areas. Visible difference in temperature change between
urbanized non-urban areas.

Night

Value Threshold

1 25 5 75 100

Percentile (2o)

e

value Threshold

Percentile (249)

2.7. Data export

Once the result is ready, we will export final image as GeoTIFF file
UHI_20190724.tif by means of File - Export — GeoTIFF.

B sMAP - Export Product x
Save in: cv_10 v e E-
) L5T_20190724_nigth.data Subset. ..
=2 LST_20190725_day.data
Naposledy p... S3IASL 2 LST_ 20190724T210604_20190724T210%04_202101 2070
S3B_SL 2 LST__ 201907247104435_20190724T104735_20200820T1
l S3B SL 2 ST 201%0725T101824_201%0725T102124_20200820T1
Pracovna plo... subset_2 of 53B_5L 2 LST__ 20190725T101824_reprojected.data
= subset_3_of 534 _SL 2 1ST__ 20190724T210604_reprojected.data
==
Dokumenty < >
L_] File name: | UHI_20130724.tf | [ Export Product
Tento poiita  Files of type: | GeoTIFF / BigTIFF data product (= 6f, =.tff) + Cancel

During the export, the exported bands are filtered using the Subset - Band
Subset option. Specifically, only the created UHI band will be used for
export purposes. The export is performed for both day and night sensing
period.
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B Specify Product Subset *

Spatial Subset Band Subset  Metadats Subset

I:l NDVI Gridded Nomalized Difference ™
D biome Gridded GlobCover surface cli
D fraction Gridded fractional vegetation
|:| LST Gridded Land Swurface Temper

I:‘ exception Gridded LST pixel exception {
I:l ¥_in Geolocated x (scross track) co
D y_in Geolocated y (along track) cot
|:| latitude_in  Latifude of detector FOV cent

|:| lengitude_in Longitude of defector FOV cel

£ >

[ selectal [ ] Select none

Estimated, raw storage size: 0.1M

Cancel Help

3 Results interpretation

Import data

Firstly, we import the following into the panel Layers:
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e UHI files in geotiff format (exported from SNAP)
e Administrative boundaries in .shp format (available on:
earthworks.stanford.edu/catalog/stanford-rq053wf7492)

Layers
<t ._@ . T [F S5 g

v . Paris studyarea
= v/ 2 UHI_20190724_nigth
B 127426
6.1794
+ v/ 3 UHI_20190725_day
Bl 506362
6.9112

Editing image parameters and descriptive data

Secondly we modify the display palette type, number of classes (in terms
of temperature rise), defining the numerical range, etc. All of these
operations we perform on the image tab Properties in QGIS.

'w Band Rendering

Render type | Singleband pseudocolor ™

Band Band 1 (Gray) ~

o C— s o

P Min [ Max Value Settings

Value Color Label

1,2358801 T
24717602 2= . ’

3,7076402

4,8435203

6,1734004

| — -

Add map background

The next step is adding Google satellite map as the background map. We
use the XYZ panel for adding a new connection. In the XYZ panel we paste
basemap layer link for Google satellite maps. This link is available on the
following URL address:
https://www.google.cn/maps/vt?lyrs=s@189&gl=cn&x={x}&y={y}&z={z}.
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Final results interpretation

The range of the final output (ROI) is adjusted using Raster - Extraction -
Clip raster by mask layer according to the .shp file administrative
boundaries of the city of Paris

(2} Clip raster by mask layer Ed

Parameters Log

Input layer

3% UHI_20180724_nigth [EPSG:32631] -

Mask layer

(9 Paris_studyarea [EPSG:32631] -6 = L--

Selected features only

Source CRS [optional]

Target CRS [optional]

Assign a specified nodata value to output bands [optional]

0,000000 =

The final map representation shows increasing of land surface temperature
in Kelvins in the Paris study area.

Temperature
increase in K

THANK YOU FOR FOLLOWING THE EXERCISE!
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