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Introduction

The Emscher Gennosenschaft Lippe Verband provides open raw data about the water level and
discharge with daily updated values of the Emscher and Lippe area. The data is updated
approximately every 15 minutes and two versions intranet and public versions are published. In our
project we have used the open public data.

Project aim

The project aim is to scrape time varying data on Water level and discharge from website of
Ubersichtskarte Pegelstande Emscher Lippe continuously using python library beautiful soup and also
geo pandas and save them to PostgreSQL database. Georeference five pegel stations on the map
using QGIS along with plotting all stations precise location on the map.
https://howis.eglv.de/pegel/html/uebersicht_internet.php

Tools and packaged used

e python
o For web scraping : BeautifulSoup, pandas, numpy and requests
o For creation of geo data frame: geoPandas, pyproj, shapely.geometry.
o For data base connection to PostgreSQL: sqlalchemy, psycopg?2

e PostgreSQL
o Database to store data and geometry

e Pg Admin 4 and POSTGIS extension for PostgreSQL
o Ul for easier operations with PostgreSQL

* QGIS
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o Application used for plotting different graphs, maps and georeferencing the stations to
their precise locations.

One Time Scraping of Master Data of Gauges
("Pegelstammdaten")

The Base data (Stammdaten in German) provided contains the information such as Station number
(Pegelnummer), Water body if it is either Lippe or Emscher (Gewasser), River kilometer
(Flusskilometer) in km, Level zero-point(Pegelnullpunkt), above sea-level in mNN , total Catchment
area (Einzugsgebiet )in km?, Easting (Rechtswert) and Northing (Hochwert) Gauss Kriger co-ordinates
with Mean High Water level (MHW) in cm, Mean Lowest Water level (MNW) in cm and Medium Water
level (MW) in cm for the periods from 2001 to 2010. In addition, image of the Pegel Station and the
map showing the location of the Pegel station is displayed. Firstly, we scrape the text displayed for
the Pegel station and also the corresponding map for each station and store it locally. Below image
shows an example of the Master data for Station KA Hamm.

Stammdaten : KA Hamm

» zuriick

Pegelnummer: 20012
Gewdsser: Lippe Pegeinn. 20012
Flusskiometer (km): 59,40
Pegelnullpunkt {m+MNK): 50.13
Einzugsgehiet (k') 2656.00
Rechiswert (Gauss-Kruger), 2622828.00
Hochwert [Gauss-Kruger): 5728949.00
(20 T:::T 43F
(2001 - 2000) WW (cm): 337
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Figure 1: Pegel Master data of station KA Hamm
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https://howis.eglv.de/pegel/html/stammdaten_htmI|/MO_StammdatenPegel.php?PIDVal=32

To determine the above-mentioned mentioned values for all the Stations, we scrape the website using
Python, beautifulSoup package. We loop over 200 PIDVal to get the master data of all the stations
possible. To achieve this, the text stored under the html tags needs to be identified by inspecting the
web page. Consider the example of Station KA Hamm, where it can be seen that the master data text
is under <div id =" datacontainer” and <tr class=" normtext” html tags. The name of the station is
contained in <div id =" popupcontenttitle” and the map image is however stored under the tag <div
id ="mapcontainer” and <img src=. This is extracted with beautiful soup and the same process is
repeated for PIDVal from 1 to 200.

GEWdsser;

Dattelner Mb.

Flusskilometer (km):

fop Inullpunkt {meNN):

Figure 2: Inspecting source code to determine html tags to be extracted.

The data extracted for one station is showed below. The data frame contains two values ‘Station’ and
‘Station Values’. The Station Values column is then split to several columns and renamed and stored
as a data frame.
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Stammdaten = []

Station_Nama soup . Find{ div®, {"id": ' popupcontemttitle})_ text. split{}[-1]

Station Values = souwp.find all{'tr', {"class"': "normtext'})
Values= []
for i in Statiom_Values:

lacel'\n'," ").split{)[-1]

Values.,append(1)

Stommdaten. append( {

df = pd.DatafFrame

df

Swation

0 Hamm [20012, L

Station'
{Stammdaten

ppe, 59.40, 30.13

1 Station_Name,
}.replace{"\n',

Values

656,00, 622628

e
W

lues': Valwes})

*, Geslinnwr’, "Flonvkdlosster_ k], Papstnu

D Ty gy SR ————— e """""‘;"u';"l T

Figure 3: Python code showing extracting text of station name and values for KA Hamm

After looping over, we found that several PIDVal contained no data. We drop these rows and now
store the new data frame with non-null water stations. The new data frame contains 131 Stations and

only 103 stations had geo-coordinates data available as shown below.

tn [2a]: MW &dF.inFol) & now of contoins correct doto dyppe except pegel Msbes
<class "pardas.core. Frame Datal ram "

IntEdTndex: 131 entries, 1 to 168

pata columrs (total 11 colusns):

g ol Hon-Hull Coumt Diype
B Station 131 non-null object
1 Pegelrommer 131 non-nall object
2 Gewdsier 131 non-mal ) ofiject
1 Flusskilometer (kn) 131 non-nall flaattd
a Poge] rual Dgunkt (m-m) 131 non-nal Floatad
5 Elngugsgebiet_(km?} i1 nin- il | flaatsd
& Rechtswert_(Gauss-krlger} 183 non-null Floatsd
7 Hecheert_(Gauss-griger} 13 non-nil § Floatsd
8 MW (cm) 45 non-null floatss
9 FM_[cm) 45 non-null floatss
18 MW (cm) a5 non-rmull floathd
dtypes: floatsd(8), object(a)
ey usage: 17,3+ BB
W Etime
Pt & ppd.Geolatsframe[df, peomet rysgnd. pedrd_from op[df] "Eechiuesrt la of| Sochuert griger} ). cre

H . 3
zlass ‘peopanda Groluataf rams ' >
InbédIrdex: 111 er o, 1 it
Data columns (total 33 colusns):
Column den-Aall Cont  Doype

I
i M
diypen: floabtd{a}, geometry(1), intsd(1], chjsck{}
oy uLages 13,3

Figure 4: Data frame showing the data types and number of non-null column values.
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The geo-coordinates values of Rechtswert and Hochwert stred in the above data frame is still of data
type float63. Since we want our co-ordinates to be recognized as geographic location data, we use
geoPandas package in python, to convert pandas data frame to a geo data frame or gdf. Since a geo
data frame requires a shapely object, we pass the columns containing Easting and Northing values i.e
Rechtswert (Gauss-Kruger), Hochwert (Gauss-Kruger) respectively are into the function
points_from_xy to transform it to shapely point.

The below figure shows an example of how geo data frame, gdf look like.

ch"'.lH'Lli-::.l-'l':: ORI e e MWl MWl gy

P | Paguissipurin s S e
& 5 ey M Erpgngeben | 1

Raki HaH Rl HaH

Figure 5: Geo data frame containing geometry column as shapely points

Storing the water stations master data in PostgreSQL
database

We create a data base env_db and a new schema named ‘eglv’ is created under the data base using
super user env_master. Under this schema we create a table ‘eglv_stations’ and upload the geo data
frame to the table ‘eglv_stations’. The connection to the PostGIS database from python is enabled by
creating a connection engine using sqglalchemy package and we pass this connection engine
to_postgis. With chucksize=100, 100 rows will be written at a time to the data base.

51
CREATE SCHEMA IF NOT EXISTS eglv AUTHORIZATION env_master

Done .

[]

Figure 6: Creating schema evgl with super user env_master
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Figure 7: ‘eglv_stations’ table created under schema eglv shown in PgAdmin 4
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Figure 8: Selecting all the rows from table ‘eglv_stations’.
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Plotting the co-ordinates in Qgis

In QGIS we select the EPSG: 31466 as Projected Coordinate Reference System (CRS) which is the
DHDN / 3-degree Gauss-Kruger zone 2 corresponding to the co-ordinate system used by the Emscher
Genossenschaft Lippe Verband. We first add PostGIS layer and connect to our data base. After
successfully connecting to the data base by entering the super user credentials , we can see that the
eglv schema and eglv_station is available, shown as in the below figure.

ot & Tabia Commaet Codarr Duts Ty gt T L Faation i ! W

After successful connection to Postgis.

As a base layer, Topographische NRW DTK100 Farbe Map is added , also projected as EPSG: 31466
co-ordinate system as shown in the below figure. The inverted triangles indicate the location of the
stations.
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Here in the below figure we can see the zoomed out map with all stations with dark red dot with same
map Topographische NRW DTK100 Farbe and also projected in EPSG: 31466 co-ordinate system.

HSRW EOLab Students Wiki - https://student-wiki.eolab.de/


https://student-wiki.eolab.de/lib/exe/detail.php?id=geoinfo2223%3Agroupb%3Astart&media=geoinfo2223:groupb:ps8.png
https://student-wiki.eolab.de/lib/exe/detail.php?id=geoinfo2223%3Agroupb%3Astart&media=geoinfo2223:groupb:fig9.png
https://student-wiki.eolab.de/lib/exe/detail.php?id=geoinfo2223%3Agroupb%3Astart&media=geoinfo2223:groupb:fig9_1.png

Last update: 2023/03/31

22:46 geoinfo2223:groupb:start https://student-wiki.eolab.de/doku.php?id=geoinfo2223:groupb:start&rev=1680295570

Figure 9: The station locations plotted on NRW Topographische Karte Map in EPSG: 31466
CRS

Figure 10 shows the snippet of the location of few of the stations with the scale of 1 to 1 million. dark
red dots are used to mark the station on NRW Topographische Karte Map.

Figure 10: The station locations plotted on NRW Topographische Karte Map in EPSG:
31466 CRS on scale 1:1000000

while plotting exact points on map it is also important to take the background map similar to one
which we have for the refrencing. Here in the figure 11 below you can see first image as the selected
QGIS map for plotting stations and the second image show the map which they have on the website.
both the maps shows the location of station in KA Hamm.
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Figure 11: Comparison between KA Hamm Station in QGIS Vs KA Hamm Station in Emscher
Genossenschaft Lippe Verband web page.

In figure 12 we can see that all the stations which are listed on Emscher Genossenschaft Lippe
Verband web page with coordinates data are shown below with custom made location marker in dark

blue colour.
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Figure 12: All stations which are listed on Emscher Genossenschaft Lippe Verband web
page marked with custom symbol.
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Periodic Web Scraping of 'Aktuelle
Pegelstande fur Emscher und Lippe'

The objective of this part of the project was to periodically scrape water level and discharge data for
the Emscher and Lippe rivers from the website
https://howis.eglv.de/pegel/html/uebersicht_internet.php. The scraped data was then stored in a
database and visualized using temporal controllers in QGIS. The purpose of this report is to document
the methodology used, the findings, and the conclusions of the project.

Aktuelle Pegelstande flir Emscher und Lippe uwpa 155210
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Web Scraping

To scrape the water level and discharge data from the website, we used the Python programming
language and the Beautiful Soup library. The data was scraped for a period of 21 days, from March 6,
2023, to March 27, 2023, for different periods of time throughout the day. The data was collected for
12 stations: Fusternberg, Linen, Hamm, Mengede, Dorsten, Recklinghausen, Am Stadthafen,
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BahnstraRe, Dinslaken, Konrad-Adenauer-Stralle, Bottrop, Essener StralRe, Bottrop-Sud, Haltern,
Gelsenkirchen, Adenauerallee.

The code we have used to do the web scraping is shown in the figure below:

impart reguests
from bsd import BeawtifulSoup

impart pandas as pd
impart time

whila Tru
il

response requests.getiurt
soup = BeautifulSowpl response. content

tooltips = soup.find allf di

voeltip imfo

for tooltip im tooltips:
Lascat fon tooltip. fimd W, 1 1 i ]
AUt fooltip. find 11V 4 T ltip-k y' i find_all T
dates tooltip. fimd( "dis i 1 t | fimd alli td", §

width values Text.strip

widt Nons

Tlow walses[1], text . strif

date Heafg
tima Hons
if Lem{dates) =
date datet Text . STrip
if Llen|dates
time dates[1].text.strip
towltip info.append|{ ti Location it v width, 'Di 1 flow fat date ti r otime }

new df pd . Dataframe (tooltip info

Figure 13. Web Scraping code

The code uses Python to perform web scraping of water level and discharge data from the website
https://howis.eglv.de/pegel/html/uebersicht_internet.php. The purpose is to periodically collect data
over a range of dates, and store it in a Pandas dataframe for visualization purposes.

The code uses the requests library to send HTTP GET requests to the website and receive responses.
Then, it uses the BeautifulSoup library to parse the HTML content of the response and extract relevant
information. Specifically, it extracts the location, water level, discharge, date, and time for each
station using a for loop that iterates over each div tag with the class 'tooltip'.

The extracted information is then appended to a list called 'tooltip_info'. Next, the code creates a new
Pandas dataframe from the list 'tooltip_info' and stores it in the variable 'new_df'. Finally, the code
concatenates the new dataframe 'new_df' with an existing dataframe 'df', and updates 'df' with the
concatenated result. This process is repeated every 5 minutes using the time.sleep() function.

The resulting dataframe contains the water level and discharge data for the 12 stations over the
range of dates from March 6th to March 27th, 2023, which can be used for visualization in QGIS using
the temporal controller.
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After scraping the data from the website and removing duplicates, we needed to create a unique
identifier for each station and combine the date and time columns into a single column with datetime
format.

df copy = dfl.copyl)
#create a new column ‘S5ID° that groups data based on 'location' column and

df_copy["5ID°] = df_copy.groupbyl'location’).ngroup(} + 1

Troup

df :.;:||..|'_f[ '.|.|'.-'-.I.-:||:i. ] ;.{:H ang,;l:"l.-:'.'— 1 + FRE d{.LDp‘_,:':"::;I';'—'-: .
Fconvert ‘timestamp’ column to datetime format using the given format string
df copy['timestamp'] = pd.to datetime(df copyl['timestamp'], format='t%d.%m.%Y %H:%M

oglried Catlarrame

df_copy

location ‘Water level Discharge date time SID timestamp

0 20001 Fustemberg 274.0 06.03.2023 23:30 B 2023-03-06 23:30:00

1 20004 Darsten 499.0 31 06.03.2023 23:35 8 2023-03-06 23:35:00

2 28085 Haltern 178.0 06.03.2023 2340 12 2023-03-06 23:40:00

3 20008 Limen 255.0 06.03.2023 2330 10 2023-03-06 23:30:00

4 20012 KA Hamm 338.0 155 06.03.2023 2330 11 2023-03-06 23:30:00
234031 10101 Bottrop, Essener Strafle 158.0 - 28.03.2023 18:30 4 2023-03-28 18:30:00
234032 10119 Gelsenkirchen, Adenaleralies B1.0 - 28.03.2023 18:30 6 2023-03-28 18:30:00
234033 10095 Dinslaken, Konrad-Adenaler-Straie 225.0 159 28.03.2023 18:35 3 2023-03-28 18:35:00
234034 10103 Bahnsirale 2310 - 28.03.2023 18:35 5 2023-03-28 18:35:00
234035 10124 Recklinghausen, Am Stadthalen 020 - 28.03.2023 1B:30 7 2023-03-28 18:30:00

14040 rows * 7 columns

Figure 14. Adding SID and timestamp

To achieve this, we first made a copy of the cleaned DataFrame dfl using the copy() method, as
shown in Figure 13 and assigned it to a new variable df_copy. Then, we created a new column named
SID in df_copy which groups the data based on the location column and assigns unique integer values
to each group using the groupby() and ngroup() methods. This allows us to uniquely identify each
station in the data.

Next, we combined the date and time columns in df copy into a new column named timestamp. This
was done by concatenating the two columns with a space in between using the + operator.

Finally, we converted the timestamp column into a datetime format using the pd.to_datetime()
method and provided the format string '%d.%m.%Y %H:%M' which specifies the format of the date
and time strings in the column.

The resulting modified DataFrame df _copy contains the original columns as well as the newly created
SID and timestamp columns which will be used for further analysis and visualization.

After eliminating duplicates and NaN values, we performed data cleaning by creating two new
dataframes named 'new_df2' and 'new_df3'. 'new_df2' contains only the 'timestamp’, 'SID', and
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‘Water_level' columns from the previous data frame named 'new_df1'. A new column named 'VAL' is
added to 'new_df2' with 'cm' as its value for all rows. The 'Water_level' column is renamed as
'PARAM', which stands for PARAMETER. This is shown in Figure 15.

Similarly, 'new_df3' contains only the ‘timestamp’, 'SID', and 'Discharge' columns from the previous
data frame named 'new_df1".

#create a3 new DataFrame ‘new df2* that contains only the ‘timestamp sID", and

new _df2 = new dfll['timestamp’', 'SID", ‘Water_level®']].copy()

Fadd 8 NéwW CoLu amed ‘VAL® and assign 'cm' as its value for all

new df2['VaL'] = 'cm’

grename e "Wate level ' column to ‘PARAM' which stands fFfor PARAMETER
new _df2.rename(columns={ ‘wWater level®: "PARAM'}, inplace=True}

new df2

timestamp SID PARAM VAL

=

2023-03-D6 23:30:00 8 2740 ©m
3 2023-03-06 23:30:00 10 2550 cm
4 2023-03-D6 23:30:00 11 3380 c©m
5 2023-03-06 23:30:00 . 1280 cm

1 2023-03-06 233500 g 4890 cm

234031 2023-03-28 18:30:00 4 158.0 ©m
234032 2023-03-28 18:30:00 B B1O cm
234035 2023-03-28 18:30:00 7 920 em
234034 2023-03-28 18:35:00 5 2310 cm
234033 2023-03-28 18:35:00 3 2250 om

14026 rows = 4 columns

new _dfl = new dfl[['timestamp’', 'SID", 'Discharge']].copy()
new df3['VAL'] = "m3/s

new dfl.rename(columns={'Discharge’': 'PARAM'}, inplace=True]
new_df3

Figure 15. Creating specific dataframe for Water Level and Discharge

Then the two cleaned DataFrames, 'new_df2' and 'new_df3', were concatenated into a single
DataFrame 'joined_df', which contained the 'timestamp’, 'SID', 'PARAM', and 'VAL' columns from both
the original DataFrames. This was achieved using the 'pd.concat()' function, with the two DataFrames
and the axis set to 0.
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1:-;.--&1. df = :.m :n--:.m: e df2[ [ Time |--|- . 'SID FARAM, VAL 1. ---.*--.-1r3. Timestamp SID°, “PARAM WaL" 111, axis=8)
joined df
timestamp  SI0 PARAM VAL
0 2030306233000 8 2740 om
1 20230306 233000 10 2550  om
4 2023-030623:30:00 11 3380 om
§ 20230306 2330:00 2 1280 om
1 0230306233500 9 4090 om
234021 2073-03-28 18:2500 3 159 mis

234013  2023-03-28 18:25:00 ] BA.S mls

234025 I033-03-28 18:30:00 a BE.E miis
234028 3023-05-20 18:30:00 01 305 mis
234033 I033-03-28 1B:35:00 k| 158 mifs
19026 rows = 4 columns

Figure 16. Creating a new DataFrame with both parameters

In order to create a DataFrame containing the station ID, location name, and coordinates for each
location, we performed several data manipulation tasks. Firstly, we read a CSV file containing location
data and stored it in a new DataFrame. Then, we created a new column in another DataFrame that
contained the first word of the 'location' column. Next, we created a new DataFrame that contained
only selected columns and removed any duplicate rows based on these columns. We converted the
'location_num' column of the new DataFrame from object to integer data type. We merged the new
DataFrame with the location data DataFrame based on the matching 'location_num' and
'‘Pegelnummer’ columns. We set the coordinates to (2571918.768, 5710313.487) for location_num =
10119 which was missing in the merged DataFrame. Finally, we dropped the 'location_num' column
from the merged DataFrame. The result will be as in Figure 17.

SID location Pegelnummer Rechtswert (Gauss-Kriiger] Hochwert (Gauss-Kriiger)

] 8 20001 Fustembseng 20001 2544524000 5724372.000
1 10 20008 Lunen 20008 2297585.000 2TZ1160.000
2 11 20012 KA Hamm 20012 2622828.000 ST28949,000
3 2 10026 Mengede, A4S 10026 25047200000 5T16740.000
4 g 20004 Dorsten 20004 2566750.000 5726479000
5 7 10124 Recklinghausen, Am Stadthafen 10124 2583004.000 5714716.000
] 5 10103 Bahnstrafe 10103 Z555146.000 5710660.000
7 3 10090 Dinslaken, Konrad-Adenauer-Stralle 10099 2550008450 5713883.330
B 4 10101 Bottrop, Essenes Sirafe 101 Z565049.270 5708062.060
9 1 10008 Botirop-Sid 10008 Z565824.000 5T08623.000
10 12 28085 Haltem 28085 22820200000 S733650.000
11 b L0119 Gelsenkirchen, Adenaueralles 10119 &2 1918, "ol 5710313487

Figure 17. Locations DataFrame

Data Storage

The scraped data was stored in a PostgreSQL database. Once we established the connection with the
database, we stored two dataframes named eglv_param and eglv_stations in the database. These
dataframes were obtained from Figure 16 and Figure 17, respectively.
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After getting the data from this website: https://howis.eglv.de/pegel/html/uebersicht internet.php We

stored the information in 2 tables.

1 - Station’s Location in eglv_locations table
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2 - Station’s Parameters (Water Level and Discharge) in eglv_param table
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Now we will create 2 tables, one for each parameter.

1 - For Discharge: stations_q_values

Query  Ouery History

SELECT

[ T T

I0TH =g
WHERE
m ==

CREATE TABLE =ta

& " P
FROM oglu."ogl

Klons

v ON 5."5ID0

g_wvalues AS

=."5ID*, =."location’

e
® el

W . TPARAMT v WAL
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2 -For Water Level: stations_w_values

Query  Query History

1
2
k'l
4
3
L]

CREATE TABLE =stations_g_walues AS

SELECT s."gronetry®, s.°5I0%, s."location®, v."timestamp™, w."PARAN®, wv.%VAL®
FROM eglv."eglv_locations™ s

JOIN eglv."eglv_param™ v ON 5.75I0" = w. "S5ID"

WHERE w."VAL" = 'miSf&";

L3
i LE
.

We will add each of these tables as a layer on my project in QGIS. Here we will demonstrate how a
temporal controller is created for one parameter and it would be the same even for the other.

Data Visualization:

The data was visualized using QGIS, an open-source geographic information system. The temporal
controller feature in QGIS was used to create an animation that showed the changes in water level
and discharge over time. The animation was exported as a video file and included in this report.

After adding the layer to the project we will define Symbology in Layer Properties.

L T R T
= Lot
wdar ks

Tprie

I

P o
EEEEEEEEEE

A

Type - Graduated

Value - PARAM
Classes - 20
After that we define Temporal Controller settings as above:

Configuration - Single Field with Date/Time
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Field - timestamp
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After applying those properties the view will be as below:

Vewpendl Doy BE
E O cawenl e ST TG0 AT 2ATHEHT O -t
W R — (L]
devirralbpn apagr DI04 T1100R 2 g JErTAY PEANM 5 v Ued WG | 5 el * A

we have also added here a Text Label that shows date and time when the temporal controller moves.
This can be found at: View —» Decorations - Title label by adding the expression as below:

7 Ny Vil Label
ot L a1
furrreal ol el fevas e Sea, yyvs Wi dd e |

Fotmt1 6 Lol et gt i
ras [—
Exigrowra b dmior S
Faramary Top Fever

g bamenge  eevvoresl O

L 2

It is possible also to add the legend in View - Decorations = Images. In temporal controller toolbar
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there is a save option:

= T Step 50,000 = | minutes -

07 14:30 S IO

Now we are going to save Map animations into folder Geo and then will use these “.png” images to
create a video.

oW e —

Fapart Map Animasiias

Termzlste sra_proect_temraecal_corboler¥EEs ang
[- MR T O R EY TP T T R Pt
g Sttinge

* LaleA frariest Mag whew]

vl from Lays Map Camwas Latesl vaw a6 Carve

Temparal Sokbng.

arge 207 1-00-06 FBE0E |3 8027 PESEDY o

Folder geo looks like this:

Then we can use an external tool to create the video out of these images. We used
https://clideo.com/image-sequence-to-video and the result is as above:

For water level
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screencast_from 30.03.2023 224438.webm

For Discharge

screencast_from_30.03.2023 221708 2 _.webm

Findings:

Based on the data we collected, it was found that the Emscher river had more changes in
water level in the stations where data was collected compared to the Lippe river. In terms
of discharge, we only had data available for a limited number of stations including 20012
KA Hamm, 20004 Dorsten, 10099 Dinslaken Konrad-Adenauer-Stralle, and 10103
BahnstraBe. However, it was observed that even these stations had variations in
discharge over time.

Save Pegel Station’s images in PostgreSQL

We can store images in PostgreSQL by using the byte data type. The byte data type is used to store
binary data, including images, in a PostgreSQL database. To store an image in PostgreSQL, we would
need to convert the image to a binary format, such as a byte array, and then insert the binary data
into a bytea column in our table. We used the code below to save images in database:

We firstly import the necessary libraries: requests, BeautifulSoup, 0s, io, PIL, and psycopg2 and set
the path of the proj folder to the proj_lib_path variable and adds it to the PROJ_LIB environment
variable using the os.environ dictionary. This is necessary for properly reading geographic coordinates
in the data.
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We then connect with the env_db database as the user env_master with the password M123xyz,
hosted on localhost at port 5432. Later we create a new table called images in the env_db database
with three columns: id (an auto-incrementing serial primary key), pid_val (an integer value from 1 to
100 representing the water level gauge), and image (a binary data type that will store the image data
for each water level gauge). It then loops through the values of pid_val from 1 to 100, extracts the
image data for each corresponding water level gauge from the website, and saves the image data to
the images table in the PostgreSQL database. Finally we commit the changes made to the database
and close the connection.

In database we will have this table:

Data Ouiput  Messages Notifications
= BRv0O8 &8 &8 ~
Id ) 7 plfﬂ_val p Irn_agtr
-*lr teger oQer byloa
1
i
10 i
"
12
13
1 14
15 5

Tolal rows: 73 of 73 Query complele 00:00:00.273

If we add this layer into QGIS project the attribute table will look like this:
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Georeferencing 5 stations from the scrape data

1. Krudenburg : https://howis.eglv.de/pegel/images/stationpics/maps/20002_stadtplan.gif

a. OSM as base layer
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b. DTK farbe as base layer (NRW Topographische Map)
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2. KA Hamm: https://howis.eglv.de/pegel/images/stationpics/maps/20012_stadtplan.gif

a. OSM as base layer
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b. DTK farbe as base layer (NRW Topographische Map)
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3. 20018 HRB Rapphofs Mihlenbach, Zulauf
https://howis.eglv.de/pegel/images/stationpics/maps/20018 stadtplan.gif

a. OSM as base layer
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b. DTK farbe as base layer (NRW Topographische Map)
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4. OB- KonigstraRe
https://howis.eglv.de/pegel/html/stammdaten_htm|/MO_StammdatenPegel.php?PIDVal=18

a. OSM as base layer
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b. DTK farbe as base layer (NRW Topographische Map)
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5. Bottrop Sid

https://howis.eglv.de/pegel/images/stationpics/maps/10008_stadtplan.qgif

a. OSM as base layer
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b. DTK farbe as base layer (NRW Topographische Map)
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Conclusion

In conclusion, the web scraping and data visualization project was successful in collecting and
visualizing water level and discharge data for the Emscher and Lippe rivers. The project demonstrated
the usefulness of web scraping in collecting data for analysis and the effectiveness of using QGIS for
visualizing temporal data. Further analysis could be conducted to investigate the factors that
contribute to the variation in water levels and discharge over time.Storing the data in a database, as
we did in this project, can make it more efficient to access and analyze. Additionally, having historical
data on water level and discharge can be useful in building prediction models that can help mitigate
the impact of floods. By understanding the patterns and changes in water level and discharge, we can
better prepare and respond to potential floods, which can save lives and reduce damage to property
and infrastructure.

Link to Git hub (Jupyter Notebook):

https://github.com/SindhyaBabu/Geolnformatics-Final
contents of git repository

1 - Pegel Stations master data scraping

2 - Periodic data of water level and discharge of Pegel Stations
3 - Scraping of map images for all the stations

4 - Storing images to database
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Additional References

1 - official website for eglv. https://howis.eglv.de/pegel/intro/index.html
2 - website used for web scraping https://howis.eglv.de/pegel/html/uebersicht_internet.php

3 - Beautiful Soup documentation
https://www.crummy.com/software/BeautifulSoup/bs4/doc/#bs4.Tag.name

4 - GeoPandas library docs
https://geopandas.org/en/stable/gallery/create_geopandas_from_pandas.html
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