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Intro. to GeoPandas

 GeoPandas is an open-source Python library that extends the
popular Pandas library to handle geospatial data. It simplifies
the process of working with geographic information by
iIntroducing spatial data structures and operations that integrate
seamlessly with the familiar pandas workflow.

« GeoPandas builds upon pandas.DataFrame, adding a special
geometry column that can store various geometric types (e.g.,
Points, Lines, and Polygons). This allows you to manipulate and
analyze spatial data using the same intuitive operations you use
on regular tabular data.

* # Shapely #Fiona #Pyproj
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Intro. to GeoPandas

« Simplified Spatial Analysis:

« With GeoPandas, tasks like spatial joins, overlays, and clipping become
straightforward, enabling you to quickly answer geographic questions and
perform spatial analyses with minimal code.

 Integrated Visualization:

« GeoPandas provides easy-to-use plotting capabilities using Matplotlib, and
it can also interface with interactive mapping libraries like Folium and
Kepler.gl. This integration helps you visualize geospatial data in both static
and dynamic formats.

* Real-World Applications:

 GeoPandas is widely used in diverse fields such as urban planning,
environmental science, transportation, public health, and more—any
domain where geographic data analysis is essential.
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Differences between Geopandas and
Pandas

Attnbutes . e Panda s B Geo Pand as I
__ Data Struc tu re L DataFrame Senes L Ge oData Frame & Geo S e ”e S S
(Point, Polyline, and Polygon)
| Support Formats | CSV, Excel, SQL, and JSON | Shapefile, GeoJSON, and KML
Operations Table operations Spatial analysis
| Coordinate Reference System | Null | Define CRS & Transform CRS
| Visualization | Matplotlib (bulit-in) | Folium or Kepler.gl

Library Ecosystem Numpy Shapely for geometric
operations.
Fiona for file 1/O with geospatial
formats.
pyproj for handling projections
and coordinate transformations.
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File I/O

# import packages

import os

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import geopandas as gpd

# load data

os.chdir(‘GeoPandas/")

town = gpd.read_file('TOWN_ MOI 1120825.shp")
codebase = gpd.read_file("G97 63000 _U0200 2015.shp’)
pop = pd.read_csv(‘LOCATION_ BASE DATA.csV')
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File I/O

geometry = CRS?

t own h e a d () TOWNID TOWNCODE COUNTYNAME TOWNNAME TOWNENG COUNTYID COUNTYCODE geometry
|
0 V02 10014020 -3 HINEE Chenggong Township \Y; 10014 | POLYGON ((121.40981 23.21370, 121.40984 23.213...
1 T21 10013210 AR £ Jiadong Township T 10013 | POLYGON ((120.54845 22.46067, 120.54853 22.460...
2 P13 10009130 EMR4 =Y Mailiao Township P 10009 ] POLYGON ((120.30198 23.81624, 120.30198 23.815...
3 V11 10014110 =5 BRERD Liidao Township \Y; 10014 | MULTIPOLYGON (((121.49154 22.67746, 121.49184 ...
4 V16 10014160 SRM% il W3 4ED Lanyu Township V 10014 MULTIPOLYGON (((121.61179 21.94290, 121.61133 ...
code base head () u_ID CODEBASE CODE1 CODE2 TOWN_ID TOWN COUNTY_ID COUNTY X Y AREA geometry
- A6310- A6310-01- A6310- ST - POLYGON Z ((310568.684
0 1972 0024-00 006 01 63000100 AHIE 63000 =1t 310951.84060 2.775913e+06 362112.90727 2775912.720 0.000, 3105...
A6311-0791- A6311-61- A6311- _ — POLYGON Z ((299986.213
1 1973 00 005 61 63000110 *HME 63000 =it 300103.56005 2.776286e+06 17541.31869 2776330.686 0.000, 3000...
A6311-0787- A6311-67- A6311- _ = POLYGON Z ((302752.204
h d 2 1974 00 002 67 63000110 *THME 63000 E4tTF  302742.35826 2.776312e+06 3627.65319 2776365.558 0.000, 3027...
o ea A6311-0793-  A6311-62- A6311- = —~ POLYGON Z ((302336.695
p p L) () 3 1975 00 004 62 63000110 *THME 63000 =1it™m  302298.08171 2.776278e+06 15430.37397 2776362.841 0.000, 3023...
CODEBASE DAY NIGHT CNT A6311-0807-  A6311-67- A6311- _ - POLYGON Z ((302717.351
- 4 1976 00 008 67 63000110 *#ME 63000 =1t 302823.86029 2.776199e+06 52775.40011 2776356.819 0.000, 3027...
0 A6813-0111-00 D 6
1 A6813-0110-00 D 32
2 A6813-0109-00 D 20
3 A6813-0108-00 D 22
4 A6813-0107-00 D 25
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File I/O

* For data output, GeoPandas also provides several file formats
for various usages, such as ESRI Shapefile, PostGIS, Feather,
and Parquet.

# save ESRI Shapefile
gdf.to_file('test.shp’)
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Coordinate Reference System

In Taiwan ::

- WGS84 (EPSG:4326) is typically used as the geographic
coordinate system for latitude and longitude.

- TWD97TM2 (EPSG:3826) is commonly used as the projected
coordinate system for metre-based measurements.

* In general, we may face four situations in setting CRS: (1) file
with the correct CRS; (2) with incorrect CRS; (3) with string-
format geometry; (4) without CRS.
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Coordinate Reference System

 How to inspect the CRS of GeoDataFrame
# show the CRS of GeoDataFrame

town crs <Geographic 2D CRS: GEOGCS["GCS_TwD97[2020]",DATUM["Taiwan_Datum_1997" ...>
= Name: GCS_TWD97[2020]

Axis Info [ellipsoidall:

- lon[east]: Longitude (Degree)

- lat[north]: Latitude (Degree)

Area of Use:

- undefined

Datum: Taiwan_Datum_1997

- Ellipsoid: GRS 1980

— Prime Meridian: Greenwich

<Projected CRS: EPSG:3826>
Name: TwWD97 / TM2 zone 121
Axis Info [cartesian]:
(i t) - X[east]: Easting (metre)

co e ase'crs - Y[north]: Northing (metre)
Area of Use:
- name: Taiwan, Republic of China - between 120°E and 122°E, onshore and offshore - Taiwan Island.
- bounds: (119.99, 20.41, 122.06, 26.72)
Coordinate Operation:
- name: Taiwan 2-degree TM zone 121
- method: Transverse Mercator
Datum: Taiwan Datum 1997
— Ellipsoid: GRS 1980
— Prime Meridian: Greenwich

Chun-Hsiang Chan (2026)
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Coordinate Reference System

(1) File with the correct CRS.
«2 No extra action should be done.

(2) File with incorrect CRSs.
<2 by using to_crs() to transform the original CRS to the

correct CRS.

(3) File with string-format geometry.
<2 by using wkt package to translate the string
icnformation of the geometry column to usable geometry
ormat.

(4) File without CRSs.
<2 by using set_crs() to specify the matched CRS.

Chun-Hsiang Chan (2026)
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Coordinate Reference System

(1) File with the correct CRS.
<2 No extra action should be done.

(2) File with incorrect CRSs.
<2 by using to_crs() to transform the
original CRS to the correct CRS.

# from 4326 to 3826
town = town.to_crs(‘epsg:3826')
town.crs

Chun-Hsiang Chan (2026)

<Geographic 2D CRS: GEOGCS["GCS_TwD97[2020]",DATUM["Taiw
an_Datum_1997" ...>

Name: GCS_TWD97[2020]

Axis Info [ellipsoidall:

- lon[east]: Longitude (Degree)
- lat[north]: Latitude (Degree)
Area of Use:

- undefined

Datum: Taiwan_Datum_1997

- Ellipsoid: GRS 1980

— Prime Meridian: Greenwich

<Projected CRS: EPSG:3826>

Name: TWD97 / TM2 zone 121

Axis Info [cartesian]:

- X[east]: Easting (metre)

- Y[north]l: Northing (metre)

Area of Use:

- name: Taiwan, Republic of China - between 120°E and 12
2°E, onshore and offshore - Taiwan Island.
- bounds: (119.99, 20.41, 122.06, 26.72)
Coordinate Operation:

- name: Taiwan 2-degree TM zone 121

- method: Transverse Mercator

Datum: Taiwan Datum 1997

- Ellipsoid: GRS 1980

- Prime Meridian: Greenwich
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Coordinate Reference System

(3) File with string-format geometry.

< by using wkt package to translate the string information of

the geometry column to usable geometry format.

# load camera data

cam2 = pd.read_csv('E L i EE ALER A ELTRV2.csV')

# preview data

BEE mEA[ ER-RERD geometry

Camz_head() W InEE REBR  REHY o -

HIE RN 1ERE3ER IEEE 25.082459 121.507372
Bl {8 RE2ER 11580 25.108241 121.546019
A (MEAEAETSSR BBPEE] 25.132062 121.546455

AR FIERAEE BEBETA] 25.086516 121.522987

» w N -- o
(&)} B w N —-

FETYE hiFRE EESTERO 25.093230 121.519831
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oK FaEde
IHOE  TWAE
ITHoE ETILER
DB arEde
OB GRS

50 POINT (121.5073719 25.08245929)
40 POINT (121.5460187 25.10824082)
40 POINT (121.5464555 25.13206152)
50 POINT (121.5229866 25.08651629)

50 POINT (121.5198312 25.09323)
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Coordinate Reference System

(3) File with string-format geometry.

< by using wkt package to translate the string information of

the geometry column to usable geometry format.

# inspect the data type of geometry column

cam2.geometry[0] .
;
4
cam2.geometry[0]
140
'POINT (121.5073719 25.08245929)' 14
143
144

POINT (121.5073719 25.
POINT (121.5460187 25.
POINT (121.5464555 25.
POINT (121.5229866 25.

POINT (121.5198312

POINT (121.5573087 25.
POINT (121.5996961 25.

08245929)
10824082)
13206152)
08651629)
25.09323)

02906139)
06679101)

POINT (121.5277694 25.0961568)

POINT (121.4927469 25.
POINT (121.5684952 25.

02610889)
04768719)

Name: geometry, Length: 145, dtype: object

Chun-Hsiang Chan (2026)
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Coordinate Reference System

(3) File with string-format geometry.
< by using wkt package to translate the string information of
the geometry column to usable geometry format.

# translate string object to geometry object
cam2['geometry’] = cam2['geometry’]. apply(wkt loads)

POINT (121.5073719 25.08245929)

! POINT (121.5460187 25.10824082)

: i 2 POINT (121.5464555 25.13206152)

cam2 [ geometry ]1[0] 3 POINT (121.5229866 25.08651629)
4 POINT (121.5198312 25.09323)

140 POINT (121.5573087 25.02906139)
141 POINT (121.5996961 25.06679101)
142 POINT (121.5277694 25.0961568)
143 POINT (121.4927469 25.02610889)
144 POINT (121.5684952 25.04768719)
o) Name: geometry, Length: 145, dtype: object
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Coordinate Reference System

(3) File with string-format geometry.
< by using wkt package to translate the string information of
the geometry column to usable geometry format.

# translate string object to geometry object
cam2['geometry’] = cam2['geometry’]. apply(wkt loads)

POINT (121.5073719 25.08245929)

! POINT (121.5460187 25.10824082)

: i 2 POINT (121.5464555 25.13206152)

cam2 [ geometry ]1[0] 3 POINT (121.5229866 25.08651629)
4 POINT (121.5198312 25.09323)

140 POINT (121.5573087 25.02906139)
141 POINT (121.5996961 25.06679101)
142 POINT (121.5277694 25.0961568)
143 POINT (121.4927469 25.02610889)
144 POINT (121.5684952 25.04768719)
o) Name: geometry, Length: 145, dtype: object
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Coordinate Reference System

(4) File without CRSs.
< by using set_crs() to specify the matched CRS.

# read tree data
gdf.set_crs = 'epsg:3826'

Chun-Hsiang Chan (2026)
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Make a GeoDataFrame for Point

 Practically, we cannot always obtain complete data for further
analyses; additionally, governments and most online datasets
adopt CSV and XLSX formats to release spatial information.

* Here, we demonstrate a simple example.
# read tree data
tree = gpd.read_file('TaipeiTree.csv')
# preview the dataset

TreelD Dist Region RegionRemark TreeType Diameter TreeHeight SurveyDate @ TWD97X TWD97Y UpdDate geometry
tree he ad() 0 BT0614021096 +HE XM RRAIANTTE rarst 54 16 2022-11-18 302404.92 2777358.41 2025-02-14 16:23:46 None
- 1 BT0614021097 +HE XM REAIANTTE BTE 45 6.8 2022-11-18 302408.24 2777352.36 2025-02-14 16:23:46 None
2 BT0614021098 +HE XM RRAIANTTE mE 6 8.7 2022-11-18 302413.58 2777342.69 2025-02-14 16:23:46 Non
3 BT0614031095 +#E X BRIATE BYE 22 7.7 2022-11-18  302369.5 2777349.52 2025-02-14 16:23:46 N
4 BT0614031096 +HE X BRIATTE e 6 7.7 2022-11-18 302374.59 2777340.07 2025-02-14 16:23:46 N
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Make a GeoDataFrame for Point

# transform Pandas.DataFrame to GeoPandas.GeoDataFrame

tree = gpd.GeoDataFrame(tree,
geometry=gpd.points_from_xy(tree['TWD97X"],tree[' TWD97Y")),
crs='epsg:3826°)
# preview the dataset

tree.head()

TreelD Dist Region RegionRemark TreeType Diameter TreeHeight SurveyDate TWD97X TWD97Y UpdDate geometry
BT0614021096 ig XHEE REIATE e 54 16 2022-11-18 30240492 277735841 20570274 P0|NT2(737072;50;f12(g
BT0614021097 ig B H=AAGE OFE 45 6.8 2022-11-18 30240824 277735236 20220274 PO'NT2(737°72345°28_§£
BTOS14021008 TRt  REAME ¥ 6 87 2021118 30241358 2777apey 20230214 POINT(02413.560
BT0614031095 :tg M BEATE OTE 22 77 2022-11-18 3023695 277734952  20%n027d PO'NT2$’7°72§46;'552°£
BT0614031096 ig SHEE  BERAGE IES 6 77 2022-11-18 30237459 277734007 20230274 PO'NT2<737°72§‘476‘_§79£
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Make a GeoDataFrame for Polyline

In practice, we usually create a Polyline data from various sources.
Here, we demonstrate an example to

# read data

od_csv = pd.read_csv('"112F11 AfTREEEE S B RIEEZEME
(FB)AO#HETEH _Bh.csv')

od_csv.head()

COUNTY_ID COUNTY TO_65000 TO_63000 TO_68000 TO_66000 TO_67000 TO_64000 TO_10002 TO_10004 .. TO_10013 TO_10014 TO_10015 TO_1

0 BAEs Mma TOdtwh TOEitm TOHKE™ TOEH™ TOEmMm™ TOS#Mm TOEMR TOMITR% .. TORRRM TOERR: TOMEEM TOE
1 65000 i o ] 14.647 3.47 0.514 0.023 0.011 0.016 0.016 0.029 .. 0.004 0.003 0.006
2 63000 =it 0.728 9.652 0.122 0.017 0.009 0.012 0.01 0.013 ... 0.003 0.002 0.004
3 68000 HEE ™ 0.358 0.278 9.456 0.016 0.008 0.01 0.005 0111 .. 0.003 0.002 0.003
4 66000 g4 0.018 0.026 0.023 12.742 0.015 0.017 0.003 0.014 .. 0.005 0.002 0.002
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Make a GeoDataFrame for Polyline

# preprocessing dataset
od _csv = od_csv.iloc[1:,:].reset_index(drop=True)
del od _csv[/COUNTY"]

del od _csVv['INFO_TIME']

od_csv.head()

COUNTY_ID TO_65000 TO_63000 TO_68000 TO_66000 TO_67000 TO_64000 TO_10002 TO_10004 TO_10005 ...

TO_10010 TO_10013

TO_10014 TO_1(

0 65000
1 63000
2 68000
3 66000
4 67000

14.647
0.728
0.358
0.018

0.009

3.47
9.652
0.278
0.026

0.01

0.514
0.122
9.456
0.023

0.008

0.023
0.017
0.016
12.742

0.013

0.011
0.009
0.008
0.015

7.495
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0.016
0.012

0.01
0.017

0.13

0.016

0.01
0.005
0.003

NaN

0.029
0.013
0.111
0.014

0.003

0.009 ...
0.005 ...
0.012 ..
0.064 ...

0.002 ...

0.005
0.002
0.003
0.009

0.029

0.004
0.003
0.003
0.005

0.009

0.003
0.002
0.002
0.002

0.002
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Make a GeoDataFrame for Polyline

# preprocessing dataset
od_arr = np.array(od_csv.iloc[:,1:]).astype(float)

()(j arr array([[1.4647e+01, 3.4700e+00, 5.1400e-01, 2.3000e-02, 1.1000e-02,
— 1.6000e-02, 1.6000e-02, 2.9000e-02, 9.0000e-03, 6.0000e-03,
5.0000e-03, 7.0000e-03, 5.0000e-03, 4.0000e-03, 3.0000e-03,
6.0000e-03, nan, 5.7000e-02, 1.8000e-02, 2.0000e-03,
2.0000e-03, nan],
[7.2800e-01, 9.6520e+00, 1.2200e-01, 1.7000e-02, 9.0000e-03,
1.2000e-02, 1.0000e-02, 1.3000e-02, 5.0000e-03, 4.0000e-03,
3.0000e-03, 3.0000e-03, 2.0000e—-03, 3.0000e-03, 2.0000e-03,
4.0000e-03, nan, 2.5000e-02, 1.0000e-02, 2.0000e-03,
nan, nan],
[3.5800e-01, 2.7800e-01, 9.4560e+00, 1.6000e-02, 8.0000e-03,
1.0000e-02, 5.0000e-03, 1.1100e-01, 1.2000e-02, 5.0000e-03,
3.0000e-03, 3.0000e-03, 3.0000e—-03, 3.0000e-03, 2.0000e-03,
3.0000e-03, nan, 5.0000e-03, 4.0000e-02, nan,
nan, nan],

M QdAfa—_n" 7 RAAAa—_AD 72 WMWAAAa_MAD 1 27A0aar1 1 RAAAa—-QA"D
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Make a GeoDataFrame for Polyline

Taiwan :: County OD Matrix

# visualize data 0 5 10 15 20

fig, ax = plt.subplots(figsize=[10, 6], dpi=400)

mappable = ax.matshow(od_arr, vmin=0) - 14

# plot title
plt.title('Taiwan :: County OD Matrix’, fontsize=16)

- 12

# plot colorbar
fig.colorbar(mappable)

# get the shape of the array
nrows, ncols = od_arr.shape

# set grid lines at cell boundaries 4
ax.set_xticks(np.arange(ncols+1)-0.5, minor=True)
ax.set_yticks(np.arange(nrows+1)-0.5, minor=True)
plt.grid(which="minor", color="black", linestyle='-', linewidth=0.5) ?
plt.show()

0

Chun-Hsiang Chan (2026) 23



Make a GeoDataFrame for Polyline

# create empty list for transforming from adjacency matrix to edge list
edgelist =[]

# fill in the list with row index, column index, and value

for r in range(len(od_arr)): &

0, 0, 14.647],

for c in range(len(od_arr)): 0, 1, 3.47],
_ 0, 2, 0.514],
edgelist.append([r, ¢, od_arr][r,c]]) 0, 3, 0.0231],
0, 4, 0.0111,

0, 5, 0.016],

0, 6, 0.016],

0, 7, 0.029],

rn (o] n nnnl
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Make a GeoDataFrame for Polyline

# read country geometry centroid

countyPoint = pd.read_csv('BmiF

# preview the dataset
countyPoint.head()

index COUNTYID COUNTYCODE COUNTYNAME

COUNTYENG b 4

=Ry -1y

| |

y

=.csV')

geometry

0 0 F 65000 | ]
1 1 A 63000 =it
2 2 H 68000 HET
3 3 B 66000 Eh
4 4 D 67000 Emh

New Taipei City 310101.731666
Taipei City 305814.553919
Taoyuan City 276041.104446
Taichung City 239057.970052

Tainan City 180850.987008

Chun-Hsiang Chan (2026)

2.764473e+06

2.775076e+06

2.755080e+06

2.681426e+06

2.561134e+06

POINT (310101.7316655754 2764473.4831959684)
POINT (305814.5539187362 2775076.2947102515)
POINT (276041.1044456995 2755080.378613185)
POINT (239057.97005161454 2681426.2470980636)

POINT (180850.9870075175 2561133.875381154)
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Make a GeoDataFrame for Polyline

# merge centroid info into OD edgelist

OD_edgelist2 = OD_edgelist.merge(left_on=['0"], right=countyPoint, right_on=countyPoint['index'], how="left')
OD_edgelist2 = OD_edgelist2.merge(left_on=['D’], right=countyPoint, right_on=countyPoint['index'], how="left')

# select important columns

OD_edgelist3 = OD_edgelist2[['O’, 'D’, 'Value', 'COUNTYNAME _x', 'x_x','y_x", "COUNTYNAME_y', 'x_y', 'y _¥'1]

# rename columns

OD_edgelist3.columns = ['O", 'D’, 'Value', 'COUNTYNAME_O', 'x_O','y_O"', '"COUNTYNAME_D', 'x_D",'y _D']

# preview the dataset
OD_edgelist3.head()

oD

Value COUNTYNAME_O

x O

y_O COUNTYNAME_D

x D

y D

14.647

3.470

0.514

0.023

0.011

sy )
i (]
iyl
iim (vl
wdET

310101.731666

310101.731666

310101.731666

310101.731666

310101.731666

2.764473e+06

2.764473e+06

2.764473e+06

2.764473e+06

2.764473e+06
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#dtm

=

it

PEE ™

=
—1
=

thih
A

310101.731666

305814.553919

276041.104446

239057.970052

180850.987008

2.764473e+06

2.775076e+06

2.755080e+06

2.681426e+06

2.561134e+06
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Make a GeoDataFrame for Polyline

# create an index for binding points to a linestring
OD _edgelist4 = OD_edgelist3.reset_index()

# preview the dataset
OD _edgelist4.head(3)

indkex O D Value COUNTYNAME O x_ O y_ O COUNTYNAME_ D x_D y. D
0 0 0 0 14.647 #hdb™ 310101.731666 2.764473e+06 #hdb™ 310101.731666 2.764473e+06
1 1 0 1 3.470 #it™ 310101.731666 2.764473e+06 =1td  305814.553919 2.775076e+06
2 2 0 2 0514 #idt™m 310101.731666 2.764473e+06 HkET 276041.104446 2.755080e+06

Chun-Hsiang Chan (2026)
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Make a GeoDataFrame for Polyline

# seperate Origin and Destination information into two DataFrames

O_info = OD_edgelist4[['index’, ‘'O’, *Value', 'COUNTYNAME_O', 'x O','y O]
D _info = OD_edgelist4[['index’, ‘'D’, 'Value', ‘COUNTYNAME_D' 'x D', 'y D]
# rename columns

O_info.columns = ['index’, 'location’, 'Value’, 'COUNTYNAME", ‘X', 'y']
D_info.columns = ['index’, 'location’, 'Value®’, 'COUNTYNAME', 'x’, 'y']

# preview the dataset

O_info.head()

Origin Destination

index location Value COUNTYNAME X y index location Value COUNTYNAME x y
0 0 0 14.647 #iE™  310101.731666 2.764473e+06 0 0 0 14.647 #dt™  310101.731666 2.764473e+06
1 1 0 3.470 #ibd  310101.731666 2.764473e+06 14 1 1 3.470 E1t™ 305814.553919 2.775076e+06
2 2 0 0514 #idt  310101.731666 2.764473e+06 2 2 2 0514 MET™ 276041.104446 2.755080e+06
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Make a GeoDataFrame for Polyline

# concatenate Origin and Destination DataFrame into a single

DataFrame

OD _info = pd.concat([O_info, D_info], axis=0).sort_index()

# preview the dataset
OD info.head(4)

index location Value COUNTYNAME

X

y

0 0 0 14.647 it
0 0 0 14.647 it
1 1 0 3.470 3 ]
1 1 1 3.470 =it

Chun-Hsiang Chan (2026)

310101.731666

310101.731666

310101.731666

305814.553919

2.764473e+06

2.764473e+06

2.764473e+06

2.775076e+06
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Make a GeoDataFrame for Polyline

# import package
from shapely.geometry import Point, LineString, shape

# zip the coordinates into a point object and convert to a GeoDataFrame

geometry = [Point(xy) for xy in zip(OD_info.x, OD_info.y)]

# convert to GeoDataFrame

gOD = gpd.GeoDataFrame(OD_info, geometry=geometry)

# combine POINT to POLYLINE

gOD2 = gOD.groupby(['index’, '"Value'])['geometry‘].apply(lambda x: LineString(x.tolist()))
# convert to GeoDataFrame with polyline-format geometry

gOD2 = gpd.GeoDataFrame(gOD2, geometry='geometry’).reset_index()

# preview the dataset

index Value geometry
QODZ' head(2) 0 0 14.647 LINESTRING (310101.732 2764473.483, 310101.732...
1 1 3.470 LINESTRING (310101.732 2764473.483, 305814.554...
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Basic Preprocessing in GeoPandas

 GeoPandas extends the functionality of Pandas, offering most
of its powerful data manipulation features while adding
specialized support for spatial data. This means you can directly
preprocess, filter, aggregate, and transform geographic
datasets using familiar Pandas operations on GeoDataFrame
and GeoSeries objects.

* With GeoPandas, you can seamlessly handle both attribute and
spatial data, making tasks such as coordinate transformations,
spatial joins, and geometric operations more intuitive. Whether
you're working with shapefiles, GeoJSON, or spatial databases,
GeoPandas allows for efficient preprocessing, enabling
smoother workflows for visualization, spatial analysis, and
machine learning applications.
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Basic Preprocessing in GeoPandas
Merge, Concatenation, and Filtration

* Task: Merge population into CODEBASE zones

# read population data
pop = pd.read_csv('"1125F12 A ETHERET EA OfRE_H/IHETE.csV',
skiprows=1)
# rename columns
pop.columns = ['CODE2’, 'CODE1’, 'CODEBASE’', '"Households’, 'POP’,
'M_POP’, 'F_POP’, 'Date’]
# preview the dataset

po p - h ead (2) CODE2 CODE1 CODEBASE Households POP M_POP F_POP Date
0 A6301-01 A6301-01-001 A6301-0003-00 13 22 9 13 112Y12M
1 A6301-01 A6301-01-001 A6301-0004-00 0 0 0 0 112Y12M

Chun-Hsiang Chan (2026)
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Basic Preprocessing in GeoPandas
Merge, Concatenation, and Filtration

# merge population into CODEBASE data
cb = codebase.merge(left_ on=['CODEBASE’', 'CODE1', ‘"CODE?2'],
right=pop, right_ on=['CODEBASE’, '"CODE1', 'CODEZ2],
how='|eft’)
# select important columns
cb = cb[['U_ID', '‘CODEBASE’, 'CODE1', ‘CODE2’, ' TOWN _ID*, 'TOWN',
‘COUNTY_ID, 'COUNTY", 'Households', 'POP’, 'X', "Y",
‘M_POP’, 'F_POP’, 'AREA’, 'geometry 1]

# preV|eW the dataset U ID CODEBASE CODE1 CODE2 TOWN_ID TOWN COUNTY_ID UNTY Househeolds POP X Y M_POP F_POP AREA gLeome::

POLYGO
((310568.684
0 1972 AB310-  AB3N0- ABI10-  eannnin poE 63000  BLTH 11 33 310951.84060 2.775913e+06 15 18 362112.90727 2775912720
c e a 0024-00 01-006 01 Hoam
3105...
POLYGON Z
9999999999
ABBT1- AB311- AB3IT-  oq, 63000 ELTH 30 60 62866+ 8 54131869 2776330.686
791-00
0.000,
3000...
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Map Visualization

 Map visualization is a fundamental aspect of geospatial data
science. A well-crafted map not only reveals spatial patterns
and relationships but also strengthens visual evidence and
enhances the storytelling power of your analysis. Effective map
visualizations can help convey complex geographic information
In an intuitive and accessible way, making them essential in
flelds such as urban planning, environmental analysis,
transportation modeling, and epidemiology.
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Map Visualization

 GeoPandas, offers intuitive tools for creating static map
visualizations. Similar to popular GIS software like ArcGIS and
QGIS, GeoPandas provides built-in functions for rendering spatial
data, allowing users to explore, analyze, and present geographic
patterns effectively.

* In addition to its native plotting capabilities, GeoPandas seamlessly
iIntegrates with Matplotlib, enabling users to customize maps with
annotations, color schemes, legends, and overlays. This flexibility
makes GeoPandas an excellent choice for producing high-quality
static maps for reports, presentations, or exploratory data analysis.

* In this guide, we will explore how to visualize spatial data using
GeoPandas, including techniques to enhance your maps with
Matplotlib to improve clarity, readability, and impact.
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Map Visualization

# figure settings

fig, ax = plt.subplots(figsize=[3,12],
dpi=300)

# plot CODEBASE map

cb.plot(fc="dodgerblue’, ec='w’,
linewidth=0.2, ax=ax)

# off axis
plt.axis('off’
# show map
plt.show()
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Map Visualization

# set figure

fig, ax = plt.subplots(figsize=[5,12], dp|-300)

# plot population data

cb.plot(column='log_pop', ec='w’
linewidth=0.1, legend=True,
legend_kwds={"shrink': 0.5,

‘aspect’: 20,

'label':r'$log_{10}$(Population)’},

ax=ax)
# off axis
plt.axis('off")
# show map
plt.show()

Chun-Hsiang Chan (2026)
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Map Visualization

# set nan

cb.loc[cb['log_pop']==0, 'log pop'] = np.nan

# import packages

import matplotlib as mpl

mpl.rcParams['hatch.linewidth'] = 0.1

# set figure

fig, ax = plt.subplots(figsize=[5,12],dpi=300)

# plot population data

cb.plot(column='log_pop’, ec='w', cmap="Wistia’',
linewidth=0.1, legend=True,
legend_kwds={'shrink': 0.5, ‘aspect": 20,
'label':r'$log_{10}$(Population)’},
missing_kwds={"color": "lightgrey",
"edgecolor™: "red"”,"hatch": “/llll//II"}, ax=ax)

# off axis

plt.axis('off')

# show map

plt.show()

Chun-Hsiang Chan (2026)
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GeoProcessing :: Fundamentals

» Geopandas offers several simple but useful functions similar to
those with the same name in ArcGIS. Therefore, if you are
unfamiliar with the following functions, please refer to my
Geographic Information System slides.

Methods : Functionality

clip Clip points, lines, or polygon geometries to the mask extent. Both layers must be in the
| - same Coordinate Reference System (CRS). |

dissolve Dissolve geometries within groupby into single observation. This is accomplished by
| _applying the union_all method to all geometries within a groupself. Observations
- associated with each groupby group will be aggregated using the aggfunc.

..................................................................................................................................................................................................................................................................................................................................................................................................................

_overlay §Currently only supports data GeoDataFrames with uniform geometry types, i.e.
gcontaining only (Multi)Polygons, or only (Multi)Points, or a combination of
. (Multi)LineString and LinearRing shapes. s

..................................................................................................................................................................................................................................................................................................................................................................................................................
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GeoProcessing :: Clip

# extract Da'An district
daan = town[(town['COUNTYNAME']=="&1t ") &

(town['TOWNNAME'"]=="X%Z[&")].reset_index(drop=True)
# preview result

TOWNID TOWNCODE COUNTYNAME TOWNNAME TOWNENG COUNTYID COUNTYCODE geometry
0 A02 63000030 =it™ AZE Da'an District A 63000 POLYGON ((304876.765 2770861.505, 304900.207 2...

# clip CODEBASE with Da'An district
cb_daan = gpd.clip(cb, daan)
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GeoProcessing :: Clip

# set figure
fig, ax = plt.subplots(figsize=[3,12],dpi=
# plot population data
cb_daan.plot(fc='w', ec='dodgerblue’,
ax=ax)
cb_daan.plot(column='"POP’,
ec='dodgerblue’, linewidth=0.2, ax=ax)
# off axis
plt.axis('off")
# show map
pit.show()
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GeoProcessing :: Dissolve

# dissolve by CODE1

cb1 = cb.dissolve(by="CODE1’, aggfunc={"Households":"sum",
"POP":"sum","M_POP":"sum","F_POP":"sum"”,
"log_pop":"sum”,"X":"mean”,"Y":"mean","ARE
A":"sum"}).reset_index(drop=True)

# select important columns

cb1 = cb1[['Households’, 'POP’, ‘X', 'Y', 'M_POP’, 'F_POP’,

"AREA’, 'log_pop’, ‘geometry’]]
# show results .o wor : MRS

AREA log_pop geometry

c b 1 1] 35 68.0 306723.98703 2.773600e+06 35 33 585896.25050 4.561483 POLYGON Z ((307356.325 2772974.783 0.000, 3073...
1 45 112.0 307070.50946 2.773329e+06 62 50 83428.10199 2.053078 POLYGON Z ((307247.391 2773495.672 0.000, 3072...

2 160 412.0 307176.11333 2.773214e+06 206 206 8678.32793 2.615950 POLYGON Z ((307289.353 2773209.310 0.000, 3070...
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GeoProcessing :: Dissolve

# set figure

fig, ax = plt.subplots(figsize=[5,12],dpi=
# plot population data
cb1.plot(column='log_ pop’, ec='w’,

)

linewidth=0.1, legend=True, 2000
legend_kwds={"shrink': 0.5,
‘aspect’: 20, 'label’:'Population’}, m
ax=ax)

# off axis

plt.axis('off')

# show map

plt.show()
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GeoProcessing :: Sjoin

# sjoin CODEBASE into Tree
cbTree = gpd.sjoin(tree, cb, how='left')
# preview the dataset

cbTree.head(4)

TreelD Dist Region RegionRemark TreeType Diameter TreeHeight SurveyDate = TWD97X TWD97Y .. COUNTY_ID COUNTY Households
+

0 BT0614021096  # C#kE& RAIATTE AR 54 16 2022-11-18 302404.92 2777358.41 ... 63000 E=5d] 134.0
B
+

1 BT0614021097  #k SIHE& EAIAfTE BFE 45 6.8 2022-11-18 302408.24 2777352.36 ... 63000 =it 134.0
E
+

2 BT0614021098  #f XX#kE& RAIATTE mE 6 8.7 2022-11-18 302413.58 2777342.69 ... 63000 =1t 134.0
173
+

3 BT0614031095 # XM FEEIAfTIE BFE 22 7.7 2022-11-18 302369.5 2777349.52 ... 63000 =1t 247.0
B
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GeoProcessing :: Sjoin

# set figure

fig, ax = plt.subplots(figsize=[0,12],dpi=300)

# plot tree data

codebase.plot(fc="w',
edgecolor=(0.2,0.2,0.2,1),
linewidth=0.1, ax=ax)

cbTree.plot(column='Dist’, s=0.2, ax=ax)

# off axis

plt.axis(‘off')

# show map

plt.show()
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GeoProcessing :: Overlay

Overlay analysis in GeoPandas is a powerful spatial operation
that allows users to combine multiple geospatial datasets based
on their geometric relationships.

\ \_ \ \

Intersection Union Symmetric Difference
Difference
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GeoProcessing :: Overlay

# read Beitou Refuse Incineration with 1500m buffer
b5000 = gpd.read_file('Beitou 5000m.shp’)

# preview the dataset

b5000

Location geometry

0 Taipei 101 POLYGON ((308501.200 2769627.481, 308493.977 2...
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GeoProcessing :: Overlay
Intersection

# overlay analysis :: intersection
o1 = gpd.overlay(codebase, b5000, how='intersection’)
# plot result

o1.plot(fc="lightgray', ec="dodgerblue’) |’

plt.axis([294000, 308000,
2772000, 2784000])

plt.grid(True)

# show map >

plt.show()

Chun-Hsiang Chan (2026)
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GeoProcessing :: Overlay
Difference

# overlay analysis :: difference

o1 = gpd.overlay(codebase, b5000, how="difference’)
# plot result

o1.plot(fc="lightgray', ec="dodgerblue') (RS

plt.axis([294000, 308000,
2772000, 2784000])

plt.grid(True)
# show map
plt.show()
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GeoProcessing :: Overlay
Union

# overlay analysis :: union

o1 = gpd.overlay(codebase, b5000, how='union’)

# plot result

o1.plot(fc="lightgray', ec="dodgerblue’) |’

plt.axis([294000, 308000,
2772000, 2784000])

plt.grid(True)
# show map
plt.show()

Chun-Hsiang Chan (2026)
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GeoProcessing :: Overlay
Symmetric Difference

# overlay analysis :: symmetric_difference
o1 = gpd.overlay(codebase, b5000,

how='symmetric_difference’)

# plot result
o1.plot(fc='lightgray’, ec—'dodgerblue)

plt.axis([294000, 308000,
2772000, 2784000])

plt.grid(True)
# show map
plt.show()

Chun-Hsiang Chan (2026)
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GeoProcessing :: Shape

# calculate length of the shape 2

o4['length'] = o4.length

o4['length’]

0 3126.625671
1 251.983909
2 205.200011
3 281.487492
4 409.138173
8956 398.964607
8957 291.388624
8958 354.013871
8959 2016.512301
8960 30307.667192

Name: length,

Length: 8961, dtype: float64

Chun-Hsiang Chan (2026)

le6

2.782 A

2.780 A

2.778 A

2.776 A

2.774 A

2.772

294000 296000 298000 300000 302000 304000 306000 308000
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GeoProcessing :: Shape

# calculate length of the shape 27

o4['area'] = o4.area
2.782 4

o4['area’]
0 3.621129e+05 2.780 -
1 2.457990e+03
2 2.599756e+03 N
3 2.433966e+03
4 9.721254e+03

i & 2.776 -
8956 6.921591e+03
8957 3.357220e+03
8958 3.858130e+03 2.774
8959 9.681873e+04
8960 2.030747e+07 -

Name: area, Length: 8961, dtype: float64 294000 296000 298000 300000 302000 304000 306000 308000
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GeoProcessing :: Shape
Centriod

# generate the centriod of each polygon and to DataFrame

05 _centroid = o4.centroid.to_frame()

# convert to GeoDataFrame

05 _centroid = gpd.GeoDataFrame(o5_centroid, geometry=
05 centroid[0], crs=3826)

# delete redundant column

05_centroid = 05 _centroid[['geometry’]]

# preview data

05 centroid

Chun-Hsiang Chan (2026)
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GeoProcessing :: Shape
Centriod

A W N

8956
8957
8958
8959

8960

geometry
POINT (310982.911 2775890.695)
POINT (308916.356 2775828.326)
POINT (310485.396 2775817.856)
POINT (308910.854 2775807.425)

POINT (310729.994 2775502.169)

POINT (301527.748 2771696.512)
POINT (306365.507 2771755.623)
POINT (305678.956 2771754.059)
POINT (308027.507 2771629.698)

POINT (298053.767 2776062.122)

8961 rows x 1 columns

2.784 1€

2.782 A

2.780 A

2.778 A

2.776 4

2.774 4

Lol

294000 296

Chun-Hsiang Chan (2026)
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GeoProcessing :: Shape
Boundary

# generate the centriod of each polygon and to DataFrame

05 boundary = o4.boundary.to_frame()

# convert to GeoDataFrame

05 boundary = gpd.GeoDataFrame(o5 boundary, geometry=
05 boundary[0], crs=33826)

# delete redundant column

05 _boundary = 05 _boundary[['geometry']]

# preview data

05 _boundary
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GeoProcessing :: Shape
Boundary

geometry 5, le6

0 LINESTRING Z (310568.684 2775912.72 0, 310582....

—

LINESTRING Z (308879.33 2775859.466 0, 308954.... 5 755 4
LINESTRING Z (310471.413 2775851.529 0, 310502... |
LINESTRING Z (308864.903 2775843.025 0, 308900... > 780 4

h W N

LINESTRING Z (310770.337 2775554.824 0, 310806...

2.778
8956 LINESTRING Z (301488.645 2771771.247 0, 301525...
8957 LINESTRING Z (306306.877 2771771.101 0, 306367... 2.776 -
89568 LINESTRING Z (305609.096 2771768.084 0, 305720...
8959 LINESTRING Z (307752.66 2771709.18 0, 307763.1... 2.774 A

8960 MULTILINESTRING Z ((301940.599 2773069.524 0, ...

Wit s %
2.772 T T .
8961 rows x 1 columns 294000 296000 298000 300000 302 6000 308000
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GeoProcessing :: Shape

Bounds

# generate the centriod of each polygon and to DataFrame

05 boundary = o4.bounds

# preview data
05 _boundary

A W N

8956
8957
8958
8959
8960

minx
310551.113304
308864.903459
310454.196070
308851.148383
310673.306625

301488.645279
306306.877437
305608.727548
307615.262665
295446.353568

8961 rows x 4 columns

Chun-Hsiang Chan (2026)

miny
2.775497e+06
2.775799%e+06
2.775786e+06
2.775779e+06
2.775432e+06

2.771638e+06
2.771740e+06
2.771740e+06
2.771522e+06
2.772839e+06

maxx
311290.426752
308970.536484
310519.369402
308967.850445
310806.070273

301568.607486
306424.930301

305758.027017
308514.728858
305425.342596

maxy
2.776375e+06
2.775859e+06
2.775852e+06
2.775843e+06
2.775555e+06

2.771771e+06
2.771771e+06
2.771771e+06
2.771770e+06
2.782664e+06
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GeoProcessing :: Buffer
Buffer

# buffer with 500m

buffer500m = 05 centroid.buffer(500)

# plot result

fig, ax = plt.subplots(figsize=[12,6], dpi=300)

buffer500m.plot(fc="skyblue’, ec="dodgerblue’,
linewidth=0.3, alpha=0.3, ax=ax)

plt.grid(True)

plt.axis('off")

# show map

pit.show()

Chun-Hsiang Chan (2026)
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GeoProcessing :: Distance

# get the center of taipei

X_ = np.mean(cb1.centroid.x)

y_ = np.mean(cb1.centroid.y)

# convert to Point

s = gpd.GeoSeries(Point([x_, y_]), crs=3826)
# compute distance

dist =[]

for i in range(cb1.shape[0]):

dist.append(s.distance(cb1['geometry'][i]).values[0]) §%

# insert to GeoDataFrame
cb1['dist'] = dist

Chun-Hsiang Chan (2026)
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GeoProcessing :: Voronoi Polygon

# compute Voronoi polygon

voronoi = 05_centroid.voronoi_polygons()

# set figure

fig, ax = plt.subplots(1, 2, figsize=[10,12],dpi=300)

# plot population data

voronoi.plot(fc='w', ec="k’, linewidth=0.1, ax=ax[0])
o5 _centroid.plot(fc="dodgerblue’,
markersize=0.1, ax=ax[0])

# off axis

ax[0].axis([297500, 315000, 2760000, 2790000])

ax[0].axis('off")

# plot population data

cb1.plot(fc="w', ec="k’, linewidth=0.1, ax=ax[1])

# off axis

ax[1].axis([297500, 315000, 2760000, 2790000])

ax[1].axis('off")

# show map

plt.show()
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GeoProcessing :: Random Sampling

# get TSA

tsa = 04[o04['U ID"|==3602].reset mdex(drop—True)
# generate 500 random points 7% T T
rdpt = tsa.sample_points(500)
# plot results e T
fig, ax = plt.subplots(figsize=[8,12], dpi=300) ‘.
tsa.plot(fc="none’, ec='dodgerblue’, ax=ax)
rdpt.plot(markersize=2, fc="k', ax=ax)

plt.axis('off")

pit.show()
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GeoProcessing :: Weighting Sampling

# generate random points with specific column
daan_pt = cb_daan.sample_points(np.int64(cb_daan['POP']/20))
daan_pt i

5997 MULTIPOINT ((306806.565 2767401.47), (306807.1...
7428 GEOMETRYCOLLECTION EMPTY
6484 MULTIPOINT ((306858.364 2767350.498), (306863....
6646 GEOMETRYCOLLECTION EMPTY
6322 GEOMETRYCOLLECTION EMPTY
8113 MULTIPOINT ((303776.54 2770839.106), (303793.0...
8356 MULTIPOINT ((303954.353 2770864.132), (303974....
7615 MULTIPOINT ((304048.838 2770851.475), (304049....
(

7618 MULTIPOINT ((303892.568 2770886.067), (303893....
11290 MULTIPOINT ((303863.782 2770893.432), (303864....
Name: sampled_points, Length: 1366, dtype: geometry
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Assignment #01

- ERHTIERAEE—HIGeoDataFrame, B S{FhRkshapefilefs:
« 1M3F12HTEEACIEE 8 EMER
- M3F12H1THIEAOM%ET 158 EMER
- 1M3F12RTHIERFRAOEE B EMER
- M3FE12HEMER G TR 155 EAONEIEEG T &/I\Gat
« MO IR AR S TS R AR IR AN B RS T ot R -EMER
- BFIFHOLS[EER, KREHFZEWNRNEEZEF:
UIANRGIET = AOHEE + [RIERAS + SFIIHBEIRE + BIIEE + IKREBLL + X4
A ElEFHERESpd.DataFrame, BRFEMRCSVIE,

1]
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https://segis.moi.gov.tw/STATCloud/QueryInterfaceView?COL=XfB99Dt%252bLjMtvB1h%252fkqM0Q%253d%253d&MCOL=w8V3ZvipSLW2v9hNxvP%252fXw%253d%253d
https://segis.moi.gov.tw/STATCloud/QueryInterfaceView?COL=m7DpDC7akX73Ld0tRKqCCA%253d%253d&MCOL=59e20FskoECUO0HvUly%252bXA%253d%253d
https://segis.moi.gov.tw/STATCloud/QueryInterfaceView?COL=r%252blijzGGYYsmODL%252fAb22YQ%253d%253d&MCOL=H6PKHVd37pNE6wrtGC2%252fIg%253d%253d
https://segis.moi.gov.tw/STATCloud/QueryInterfaceView?COL=8R84U3Y5xrsV%252fpQ8EcxwDw%253d%253d&MCOL=juogr0vaZ2tdTxGgYXpVww%253d%253d
https://data.gov.tw/dataset/17974

Assignment #01
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Assignment #01

EIIHEEE:
HEEE | FESAER  |SHEAN (mEE 0 |

[B%/)\ 6 2 12
Eiles 9 1 9

EH/ERE=E 12 3 36
hE 14 4 56
5 16 5 80
RE/PUH; 16 1 16
T 18 0 0

Bt 23 0 0

Total 16 209
13.06 years
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Assignment #01

EREEINEZEATEDAIRIA DS
B 1. ZEtESEARLDARIYEELLH)
2. FIFEREExEZNAEEDAEAIETELLA] - BINAE-ER
3. FLLD#HEERIALR

o

HERNE:
n

Area;
POPp = z POP; x LontoD % 100%,where i = {3,4,5,6,8,9)
i

Area;

Chun-Hsiang Chan (2026) 67



STDS Lab
........... Est2022




	Python Programming
	Outlines
	Intro. to GeoPandas
	Intro. to GeoPandas
	Differences between Geopandas and Pandas
	File I/O
	File I/O
	File I/O
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Coordinate Reference System
	Make a GeoDataFrame for Point
	Make a GeoDataFrame for Point
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Make a GeoDataFrame for Polyline
	Basic Preprocessing in GeoPandas
	Basic Preprocessing in GeoPandas�Merge, Concatenation, and Filtration
	Basic Preprocessing in GeoPandas�Merge, Concatenation, and Filtration
	Map Visualization
	Map Visualization
	Map Visualization
	Map Visualization
	Map Visualization
	GeoProcessing :: Fundamentals
	GeoProcessing :: Clip
	GeoProcessing :: Clip
	GeoProcessing :: Dissolve
	GeoProcessing :: Dissolve
	GeoProcessing :: Sjoin
	GeoProcessing :: Sjoin
	GeoProcessing :: Overlay
	GeoProcessing :: Overlay
	GeoProcessing :: Overlay�Intersection
	GeoProcessing :: Overlay�Difference
	GeoProcessing :: Overlay�Union
	GeoProcessing :: Overlay�Symmetric Difference
	GeoProcessing :: Shape�Length
	GeoProcessing :: Shape�Area
	GeoProcessing :: Shape�Centriod
	GeoProcessing :: Shape�Centriod
	GeoProcessing :: Shape�Boundary
	GeoProcessing :: Shape�Boundary
	GeoProcessing :: Shape�Bounds
	GeoProcessing :: Buffer�Buffer
	GeoProcessing :: Distance
	GeoProcessing :: Voronoi Polygon
	GeoProcessing :: Random Sampling
	GeoProcessing :: Weighting Sampling
	Assignment #01
	Assignment #01
	Assignment #01
	Assignment #01
	The End�Thank you for your attention!

