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Summary

As part of EMJMD Masters in Digital Earth the mandatory internship was performed at Terranea,
Munich from April to July 2021 as a part-time activity. Terranea is a geospatial organization where
they aim at creating innovative location-based applications supporting businesses and
governments in fulfilling their daily duties. | was tasked with doing remote sensing based tasks
the details of which are given below.

Task 1: Tree species classification

The aim of this project was to prepare training data for input to a machine learning model used
for tree species classification. The tree species data was collected in point form and they were
labeled using satellite image visualization and support the visual interpretation with phenological
information visualizing NDVI profiles for the reference year. NDVI time series was the most
important signature for classifying trees as different species exhibit different NDVI profiles over
the time.

Table 1 Class codes for tree speicies and land cover classes

Sealed

Woody — needle leaved trees

Woody — Broadleaved deciduous trees
Woody — Broadleaved evergreen trees
Low-growing woody plants (bushes, shrubs)
Permanent herbaceous

Periodically herbaceous

Lichens and mosses

Non- and sparsely-vegetated

Water 10
Snow and ice 11
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Figure 1 Woody broadleaved trees NDVI Figure 2 Woody Needle leaved trees NDVI

Figure 3 Broadleaved Evergreen Figure 4 Trees Low growing Woody Plants
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Task 2: QGIS Action to visualize NDVI profiles

NDVI profiles were saved in hdf file and Jupyter notebook was used to visualize them. Id of the
point was entered and it prints the NDVI profile as this was a time taking task since points were
being visualized in QGIS, to tackle this problem and make the task more efficient a custom QGIS
action was made using Python. This actions opens the NDVI profile just by clicking at the point in

QGIS Canvas. Actions are available as a custom Utility in QGIS and can be created and used as a
tool.

o Edit Action X
N

Type | Python - Gapture output

Description |NDVI

J
Short Name |[NDVI |

\ I

Action Scopes

V| Field
V| Feature
V| Camvas

vV Layer

Action Text

The action text defines what happens if the action is triggered.

The content depends on the type.

For the type Aythonthe content should be python code

For other types it should be a file or application with optional parameters
1 import numpy-as-np - ‘7‘

import -pandas-as-pd

import matplotlib.pyplot-as plt

from matplotlib - import-cm

from shapely.geometry - import - Polygon, - Point

import - shapely

from:copy - import -copy

import -datetime

b oo e W

Figure 5 Create QGIS Action

0.9 ‘ # Index_orig
—e— Index_interp

N8

2017-052017-092018-012018-052018-092019-012019-05 2019-092020-012020-05 2020-09

4 [ 11 4175785261515 | 9 NULL NULL NULL
\ 11 41568052602365 9| NULL NULL or9
1

Figure 6 NDVI Profile of the point displayed on canvas
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Task 3 Land Cover classification

EMJMD Masters in Digital Earth

Machine learning algorithm based land cover classification was performed in SAGA GIS and
results and accuracy were different algorithms were compared. Sentinel-2A data was used for
LCC and land cover map from Land Use and Land cover survey, Austria was used as a reference

map.

Decision Tree Classification

KNN Classification

Max Entropy Classification

Classification_DT
Band 1 (Gray)
I Sealed

I surface Water

B Trees

[0 Shrubs

[ Permanent Vegetaion

[ Reed
Clouds

I Decidous Trees

I Permanent Trees

I Coniferous Trees
Herbaceous Vegetation

Classification_MaxEntropy
Band 1 (Gray)
I Sealed

B Surface Water
B Trees
[ shrubs
I Permanent Vegetaion
771 Reed

Clouds
I Decidous Trees
I Permanent Trees
I Coniferous Trees

| Herbaceous Vegetation

Classification_KNN
Band 1 (Gray)
I Sealed
| Bare Soil
B Rock
I surface Water
B Trees
Shrubs
I permanent Vegetaion
| Reed
| Clouds
I Decidous Trees
I Permanent Trees
I Coniferous Trees
" | Herbaceous Vegetation

Random Forest Classification

Classification_RF
Band 1 (Gray)

I Sealed
{1 Bare Soil
I Rock
I surface Water
I Trees
[2 Shrubs
B permanent Vegetaion
7 Reed

| Clouds
I Decidous Trees
I Permanent Trees
I Coniferous Trees

| Herbaceous Vegetation
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Support Vector Machine
Classification

Classification_SVM
Band 1 (Gray)

I Sealed
[ Bare Soil
I Rock
I Surface Water
I Trees
[ Shrubs
I Permanent Vegetaion
| Reed

| Clouds
I Decidous Trees
Il Permanent Trees
I Coniferous Trees

| Herbaceous Vegetation

Object based image classification (Maximum Likelihood)

Bare Soil

B Coniferous Trees
_ M Deciduous Trees
B Mixed Trees
Periodic Herbace

Accuracy Comparison

DT RF Max Entropy SVM KNN OBIA
Overall Accuracy 0.4 0.33 0.32 0.35 0.29
Kappa's Coefficient 0.16 0.23 0.16 0.28 0.16

0.68
0.57
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Task 4: Urban Heat Vulnerability Index

The objective of this study is to find the urban heat vulnerability map for the city of cologne,
Germany using Landsat 8. Vulnerability depends on exposure, sensitivity and adaptive capacity.
This is done by quantitatively evaluating heat vulnerability with the help of its three components
as follows:

Weighting of Indices: The indices for exposure, sensitivity and adaptive capacity had equal weight
with respect to each other for the calculation of the urban heat vulnerability index.

Exposure: The exposure for the city was obtained by mapping the various hotspots within its
urban areas.

Sensitivity: The sensitivity to extreme heat of a city is obtained by identifying the most vulnerable
population to these effects of climate change. Whereas extreme heat affects independently the
entire urban area, some age groups will be more impacted by it and will suffer from it in terms
of health and well-being.

Adaptive Capacity: The adaptive capacity consists of the level of heat resilient infrastructure
which is available within the city to protect its citizens against the adverse impacts of extreme
heat events. The level of greenery and water-bodies present in the city are well known for
reducing these impacts.

OVERHEATING IN CITIES

Weighted Average
Maximum At-Satellite
Brightness Temperatures

(2015-2019) ) HEAT VULNERABLE POPULATION
Vulnerable Population
Density (Age-Group: 0—14)
[ EXPOSURE ] [ SENSITIVITY -
Vulnerable Population

Density (Age-Group: 60+)
"

l NATURAL COOLING

Enhanced Vegetation

Index (EVI)
J
IMPACT [ ADAPTIVE CAPACITY
‘ Normalized Difference

Water Index (NDWI)

Figure 7 Framework for Heat Vulnerability index calculation
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Max Annual Temperature from 2015 to 2019 Cologne
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e Weighted Average of Annual Maximum ASB Temperatures

The weighted average of the 5 years was calculated by taking the number of hot days as the
weighting factor using the equation given below:

_ (Tmax X Dheat)ZOlS + (Tmax X Dheat)2016 + (Tmax X Dheat)ZOl? + (Tmax X Dheat)ZOlB + (Tmax X Dheat)ZOl‘)
(Dheat)2015 + (Dheat)zolé + (Dheat)2017 + (Dheat)sz + (Dheat)2019

Taug -

Where,

Tmax : Maximum temperature dataset from Landsat 8 for each year-
Dheat : Number of heat days for each year-

Tavg : Average weighted temperature dataset for all 5 years (2015-2019)

Weighted Average Temperature for Cologne

Weighted_avg!femp Cologne
Value
I s0.1702

22.2707

e Exposure Index (El)

To measure the El, annual weight average temperatures obtained above were normalized between 32
to 46 degrees Celsius for Karachi and between 22 to 50 degrees Celsius for Cologne to obtain a value
between 0 and 1. The following equation was used in Raster Calculator to calculate El.

Raster —min (raster) / max (raster) - min (raster)
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Burectivid

Saenmal
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e Sensitivity Index

The Sl was calculated by adding the vulnerable population densities for Age Groups 1 and 2 and
then normalizing it to obtain a value between 0 and 1.

2 N
Dormagen Monhem
2P am Rhein

Bty

Cargmety
resutircten

Oaenthal

FPulheim Rergisch

Gladbach

I rechen

Grodort
Bruhl "
Wessaling
Nisdarkassal Trousdc
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SI Wt WA HBormhenrn
S pR—
Value Aner =
0.000001 - 0.070588 Clctnddit oty
10 0070589 - 0.145098
O 0145099 - 0.270588
B 0270599 - 0.439216
I 0492170627451 N
N 0627452 -1 Swistal S, HERE. Land NRW, 1GAL Eri, HERE, Gurmin, INCREMENT 7,
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e Adaptive Capacity Index:

To obtain the ACI, the NDVI and the NDW!I were added.

(Rhainland) tmiotving e
(Femind)

am Rhoin
Sorshithy (VTP
P enen

Dormagen. Monheim

Rt

| riataat sic
ACI_Cologne San
Value Auga
N -0.538681 -0 0ES1I8 R
I -0.085117 - 0.002225 amer
0.002226 - 0.053208 Chenaler. s 0T

0,059209 - 0.10583

I 0.105831 - 0276778
W 0.276779 - 0722279
(arcabussenern

e Calculation of Urban Heat Vulnerability Index (UHVI)

UHVI was calculated by obtaining the difference between the ACl and the product of El and SI
as shown below:

UHVI = EI = SI — ACI

ety
Rhomn Paaratieid

Dormagen. Mo
4 am

Rccsun

Beunt
Woessoling .
Niederkassal Tromdornt

|- ritataat Sio
UHVI Sant

Augas
va'ue Bormheirn
I -0.650691 -<0261261
I -0.26126 - -0.071669 amer
-0.071668 - 0.005192 B e e A T P
0,005193 - 0087178
N 0.087179 - 0.199908

N 0.193909 - 0.655953
Caroiitubmeh e 7
Koniasy

Bonn

Pras
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Task 5: Drought Indices Calculation

Goal of this task was to calculate, visualize and compare different satellite data based drought
indices. Sentinel 2A data was used for drought index calculation, images for April 2015 and 2020
were downloaded. Raster calculator tool was used for drought index calculation. The following
two satellite data based indices were calculate for year 2015 and 2020:

o Vegetation condition index

J Global vegetation moisture index

e Vegetation condition index

VCl is used to identify drought situations and determine the onset, especially in areas where
drought episodes are localized and ill defined. It focuses on the impact of drought on vegetation
and can provide information on the onset, duration and severity of drought by noting vegetation
changes and comparing them with historical values. It is used in conjunction with NDVI. It is
calculated as follows:

(NDVI_raster - min(NDVI) / max(NDVI) - min(NDVI))*100

ndvi_2015
Value

- 0.999611

I -0.997775

ndvi_2020
Value

- 0.999767

% ot o -1 . -0.994505

X L
L Bag S
L B 2

il

VCI_2015

Value
100

VCI_2020

Value
P 100

W -1.49207e-05 B -2.39103¢-05

11



Terranea Internship Report EMJMD Masters in Digital Earth

e Global vegetation moisture index

It is used to estimate vegetation moisture content and is an effective indicator of drought
condition. It is calculated as:

(NIR+0.1) — (SWIR+0.02) / (NIR+0.1) + (SWIR+0.02)
For sentinel 2 formula is as follows:

(band9+0.1) - (band12+0.02) / (band9+0.1) + (band12+0.02)

GVMI_2015

Value

I -0.999125 - -0.429647

[ -0.429646 - 0.19444
0.194441 - 0.397268

[ 0397269 - 0.576693

Il 0.576694 - 0.990151

GVMI_2020

Value

Il 0571837 - -0.411117

[0 -0.411116 - 0.082317
0.082318 - 0.321558

[ 0.321559 - 0.545847

I 0.545848 - 0.934613
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