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Learning goals for this lecture

Reiterate your knowledge of raster and vector data (from MAA-

C2005 Geoinformation in Environmental Modeling)

Understand what is required for a spatial dataset that can be

provided to other users

Understand the contributions of the different parts of the data sets

to interoperability

Familiarize yourself with the idea of GeoPackage data format



Structure of geospatial information

Geospatial 

information

Attribute data

Geolocation 

information

Temporal 

information 

(time)

Metadata (data 

that explains 

the data)

Spatial 

reference 

system

This represents the actual 

phenomenon we’re interested in (e.g. 

temperature at a location, a building, 

etc.)

Strictly speaking not necessary 

(but in practice some sort of 

temporal reference is required for 

analysis). The data can also be a 

time series.

Can contain ground 

elevation information, or 

arbitrary height information



Geolocation information and 

attribute data



Lecture exercise

I will divide you into breakout rooms in Zoom

In breakout rooms consider the following

• What are vector and raster data formats? What sort of data are they 
made to represent? What similarities and differences are there 
between the data formats?

• Consider representing waters (lakes, rivers, the sea) as a raster and as 
a vector layer. Come up with use cases where vector would be better 
than raster and vice versa. What in these use cases makes one data 
representation better than the other?

Let’s use 15 minutes for this

https://jamboard.google.com/d/1Lx86vEov4kgrPVEL0-
cwIX6iWaTEv9eFXoIzTGvpQx0/edit?usp=sharing

https://jamboard.google.com/d/1Lx86vEov4kgrPVEL0-cwIX6iWaTEv9eFXoIzTGvpQx0/edit?usp=sharing


Geospatial data example

• Each blue dot in the example 
represents a building

• The dot is a point data element; a 
coordinate value pair

• In this dataset, the shape of the 
building is not stored

• Each building has many attribute 
data elements

• Together, buildings become a 
spatial data layer

• In this case the layer is stored as a 
single file on a computer



Geospatial data representation: 

vector data
The building data in the example is in vector data format

In vector format the data consists of discrete features that have 

attributes attached to them

• Features can be points, lines, or areas (polygons)



Discrete objects and geometry 

types

• In most spatial models, three 

spatially distinct types of 

discrete objects are used

• Point has one set of coordinate 

values and represents single 

location

• Polyline consists of two or more 

points that are linked together

• Polygon consist of an area 

enclosed by a closed polyline

Point data (traffic 

accidents 2016)

Polyline data 

(road network)

Polygon data 

(municipal borders)



Geospatial data representation: 

vector data
In a vector data set each data element (such as building) can have 

numerous attribute data elements

Below is a table representation of the data set, showing all the 

attributes for each building The Shape column contains spatial data, all other columns 

contain attribute data



Geospatial data example 2

• The raster layer in this example 
represents elevation

• Each raster cell (pixel) covers a 10m x 
10m area

• The cell value represents the elevation 
at that area

• Naturally, in real life elevation 
inside a pixel area can vary

• The layer represents one phenomenon 
(~attribute value) and covers a large 
geographical area

• A background map is not visible since 
the raster covers the whole area



Geospatial data presentation: 

raster data
In raster data format, the data consists of a regular 
tessellation that covers an area

A raster layer represents a continuous phenomenon that can 
be measured

• The area is divided into small, regular polygons, typically 
squares (triangles and hexagons can also be used)

Each cell (pixel) in the raster represents the value of the 
phenomenon on the area covered by the cell

If many phenomena are to be covered, several raster layers 
are required

Pixel value

Number of pixels with 

the given value



Structure of geospatial information
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etc.)
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(but in practice some sort of 
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arbitrary height information



Spatial references, temporal 

data, and metadata



Spatial reference systems

Coordinate systems

• Geographic coordinates (spherical surface)

• E.g. ETRS89

• Projected coordinates (planar surface)

• E.g. ETRS-TM35FIN

Map projections transform geographic coordinates (lat, lon) into 

planar coordinates (x, y)

A spatial reference defines the parameters required for using a 

specific coordinate system



Spatial reference system example: 

ETRS89
A reference system covering 

Europe, where the Eurasian 

plate is static

The EPSG number is a Spatial 

Reference ID, which 

unambiguously identifies this 

SRS

If you don’t know what SRS 

your dataset has, you have a 

problem

Source: epsg.io



SRS lecture exercise

I’ll give you three pictures of a map view containing a background 

map and a population tile data. I’ll also give you three spatial 

reference systems.

Connect the map view to the correct SRS. Consider why you 

answer the way you do.

Let’s use at 10 minutes for this; it is individual work – after 5 

minutes I’ll put up a presemo where you can put your answers. 



A B C

Spatial reference systems: 

1. EPSG 3067 (ETRS-TM35FIN)

2. EPSG 3857 (WGS84 web pseudo-Mercator)

3. EPSG 4258 (ETRS89)

Bonus question: which of the above images 

represent appropriate use of the 

corresponding SRS?

Fill in your answers at https://presemo.aalto.fi/medi1



A - 2 B - 3 C - 1

Spatial reference systems: 

1. EPSG 3067 (ETRS-TM35FIN)

2. EPSG 3857 (WGS84 web pseudo-Mercator)

3. EPSG 4258 (ETRS89)

Bonus question: which of the above images 

represent appropriate use of the 

corresponding SRS?

Bonus answer: EPSG 3857 covers the whole 

Earth, so it is used appropriately.



Temporal data

Spatial dataset should always have a temporal aspect

• A dataset can consist of several time steps (e.g. weather 

forecast)

• A dataset can represent the situation at a specific moment of 

time

A dataset that consist of several time steps can be very sensitive 

to the length of the time step

• Hourly weather forecast vs. daily weather forecast



Temporal data example (non-

spatial view)
A weather forecast 
for a 10-day period 
on both daily 
resolution, and on 
a 6-hour resolution

Notice especially 
the temperature on 
daily level 
compared to 
temperature in the 
graph



Temporal data example (spatial 

view)

https://www.youtube.com/watch?v=RqmeJCBF_mg

https://www.youtube.com/watch?v=RqmeJCBF_mg


Spatio-temporal data set types

• Change with time in spatial data 

is typically expressed with 

several spatial layers that each 

represent the situation at a given 

point of time

• One common application are 

routes, which describe 

movement and consist of linked 

locations with associated time 

stamps

Data: thredds.met.no

Parent, C., Spaccapietra, S., Renso, C., Andrienko, G., Andrienko, N., 

Bogorny, V., ... & Theodoridis, Y. (2013). Semantic trajectories

modeling and analysis. ACM Computing Surveys (CSUR), 45(4), 1-32.



Metadata

• Spatial data typically has a 
complex structure

• This structure needs to be known 
(typically in a machine-readable 
format) in order to exploit spatial 
data

• In addition, the users need to 
know what a given spatial dataset 
represents, and what it therefore 
can be used for

• Therefore metadata (data about 
the data) is important for spatial 
datasets



Human-readable metadata: an 

example
“The estimation errors at pixel level are rather high 

but decrease when the area in question increases, 

i.e., when the area of interest consists of several 

pixels.” 

• Using this data for analysis 

on individual pixel level may 

be a bad idea

• The (potentially) large errors 

on single pixels will persist 

through the analysis

• When using larger areas in 

the analysis, the errors even 

out

Data: Multi-source national forest inventory 2017, total volume of trees



Geospatial data modeling



Spatial data model

A spatial data model defines how the real world can be 

approximated on a computer system

A model can be based either on the vector or the raster approach

• Raster models are typically conceptually relatively simple; a 

raster image and appropriate spatial metadata for spatial 

reference system, raster position, and data semantics

• Vector data models can be conceptually more complex, as they 

need to define the various geographic primitives used, as well 

as their connections, etc.



Defining a (spatial) data model

Data models need to be unambiguously and precisely defined

• Everyone using a data model needs to implement it the same way

A data model needs to be put into the right context

• A spatial data model defines how the real world is approximated on 

the computer in a specific universe of discourse (a specific domain)

The model definition method needs to be (sufficiently) formal

• UML (Unified modeling language)

• ER-diagram (Entity-Relationship diagram)

• Etc.



Spatial data model example: OGC 

Simple Features



Spatial data model example: OGC 

Simple Features
• Simple features defines 

explicitly
• Spatial reference
• Location and shape
• Some spatial relations

• Simple features does not
define
• Attribute data 
• Temporal information
• Metadata

• Implemented models need to 
include these elements



From data models to database 

schemas
• Spatial data typically resides in 

(often large) databases

• A vector model (e.g. Simple 
Features) can relatively easily be 
transformed into a database 
model
• Standardized in the ST_* types
• ISO/IEC 13249-3

• ER-model (Entity-Relationship) 
is often used to define SQL 
database schemas

• The Simple features and 

ST_* -type hierarchy define 

what sort of data elements 

can be used in any database 

that supports them

• An ER-model describes how 

a specific database is 

designed



Vector data in spatial databases: 

SQL-MM and the ST_* types

Figures from Stolze, K., 2003, February. SQL/MM Spatial-The Standard to Manage Spatial Data in 

a Relational Database System. In BTW (Vol. 2003, pp. 247-264).



ER Diagram example
• Rectangles are entities

• Diamonds are relationships

• Ellipses are attributes

• Entities (and some 
relationships) are turned into
database tables in a DB 
implementation

• Attributes are columns in a 
table

• Some of the attributes may be
vector data

• Often in a spatial database
there are very few, if any, 
relationships

• Raster layers can be a bit
more complicated



ER-diagram to database schema

(Employees

table is missing)



Database in practice



Spatial datasets

One or more spatial data 

layers create a spatial 

dataset

The layers may be 

explicitly connected to 

each other (e.g. database 

relationships)

Or the layers may have no 

explicit connections but 

create a thematic set

Data: thredds.met.no weather data;

air temperature layer shown on map



GeoPackage



GeoPackage

• An open, non-proprietary standard 
format for geospatial data storage

• Goal is to be a general format for 
storing spatial data across different 
systems

• Can contain both vector and raster 
data 

• Implementation is a SQLite database 
container

• Contains 
• Metadata that specifies what a specific 

geopackage contains
• The data



GeoPackage metadata

• The GeoPackage metadata 
specifies the contents of a 
dataset
• Spatial reference & dataset 

index (contents)
• Vector-specific metadata
• Raster-specific metadata
• Dataset metadata

• The rest
• Extensions

Contents

SRS information

Raster metadata

Vector metadata

Database column metadata

Dataset metadata (what’s 

stored in this GeoPackage

database)



For the next time…

Third exercise round has been published

Remember, next week you need to submit your learning diary for 

peer assessment.

Submit your diary on September 30th at the latest!

And remember, your learning diary will not be ready next week, so don’t stress about that. Just submit what

you have ready, but submit it on time, so the diaries can be given for peer assessment.


