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Foreword 

Expectations of working life from GIS higher education: do we teach 
right things for young geographers and GIS experts? 
 

In the university level higher education, it is widely recognised that in the discipline of 

geography good skills in GIS raise possibilities of early career employment. But what are 

those GIS skills that are the most essential to learn during higher education in the focus 

of working life? And, as O’Kelly (2000) has asked already years ago: how can GIS higher 

education answer to the diverse needs of working life? Typically GIS higher education 

has taught rather technical things such as new technologies and software related skills 

(Tate & Jarvis 2017). However, Whyatt, Clark, and Davies (2011) have said that these 

kind of technical and narrowly focused skills are essential only in the early phase of a 

career as a GIS expert or geographer. They continued that later in the career a GIS expert 

needs more and more skills related to problem solving, project management, and skills to 

apply GIS and spatial thinking in new territories. Therefore, in the University of Helsinki, 

Department of Geosciences and Geography, we have launched an optional graduate level 

course GEOG-G303 GIS project work. Aims of this course are to practise group working 

skills, GIS related project management skills, and GIS problem solving skills. 

This publication is a collection of reports and articles demonstrating the outcomes and 

results of this project course carried on during the spring term 2018. In total, five project 

work groups (consisting of 3 to 4 graduate level students) planned, executed, reported 

their project works, and also peer-reviewed other groups. Works were conducted under 

the supervision of matured mentors, academic fellows, and supervisors. While executing 

these project tasks, graduate level geography students applied their previous GIS and 

spatial thinking skills and knowledge to learn those broader skills that are needed later in 

working life in addition to rather technical and software related skills. As Brown (2004) 

has said, young geographers or young GIS experts can get their first job if they can show 

that they have broad technical skills over a variety of different GIS softwares and GIS 

tools. Still, higher education should also look further than just the first job contract. It is 

our responsible in the higher education to educate skillful and capable experts also to 

plan, manage, and execute more demanding and diverse GIS projects. In addition, a close 
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cooperation with existing research groups and various stakeholders teaches essential 

communication skills. 

All project tasks of this GEOG-G303 GIS project course were given by research groups 

of the Department of Geosciences and Geography, University of Helsinki. These real 

assignments with a cooperation with senior mentors and researchers raised the motivation 

of students to execute their projects compared to traditional teacher driven virtual course 

assignments. Some of the projects’ tasks were research and analyzing assignments in 

nature; such as the study of Krötzl et al. (2018) about accessibility in Helsinki 

Metropolitan area (see chapter I), and the study of Karvonen et al. (2018) about 

comparing new ESA land cover data set with higher resolution national GIS data sets (see 

chapter II). In addition, two project tasks were actual GIS database collection and building 

assignments; for example gathering of Scandinavian vascular plant observations with 

spatial information to one large dataset (see chapter III, Toikka et al., 2018), and collecting 

open source GIS database for Taita Taveta county, Kenya, to help local GIS officers in 

their work (see chapter IV, Kaistinen et al., 2018). One project task was also a GIS 

development task to improve the current online questionnaire of macroseismic 

observations in Finland, and to get these crowdsourced observations to be visualised more 

easily and faster as maps (chapter V, Ijäs et al., 2018). 

All these project tasks help our existing research groups in their actual research work or 

research duties. Thank you for every participant in this GEOG-G303 GIS project course. 

Thank you also for all project mentors and supervisors for your valuable guidance. 

 

In Helsinki, July 2018 

 

Petteri Muukkonen & Vilna Tyystjärvi 

Department of Geosciences and Geography, University of Helsinki 
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Chapter I 

Centrality measures of working population in Helsinki metropolitan 
area 

Krötzl, J.1, Massinen, S.2, Muttilainen, J.3, Muukkonen, P.4 &  
Tenkanen, H.5 

1julius.krotzl@helsinki.fi 
2samuli.massinen@helsinki.fi 
3juuso.muttilainen@helsinki.fi 
4petteri.muukkonen@helsinki.fi 
5henrikki.tenkanen@helsinki.fi 

Abstract 

As new datasets and methods become more available and comparable for analyzing 

accessibility, and especially on multi-modal travel effects on different contour 

catchments, there is a growing need to further test and advance these studies. In 

this study, we used centrality measure calculations, more accurately closeness and 

degree centralities, to create and analyze working population catchments in the 

Helsinki metropolitan area. For this purpose, we utilized Python with the 

comprehensive Helsinki Region Travel Time Matrix 2015 (Toivonen et al., 2015) 

by Digital Geography Lab (University of Helsinki) as our base dataset. We present 

(I) the most accessible places for the working population by public transportation 

and private car, and (II) the effects of travel time and amount of transfers in 

analyzing population centrality by public transportation. Although we conclude 

that private car grants far better accessibility over public transportation given our 

parameters, it is evident that adding accurate population details into analysis can 

illuminate otherwise hidden constructs of accessibility differences between modes 

of transport and social structures. 

Keywords: accessibility; centrality; contour catchments; geography; GIS; multi-

modal travel; population 
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1 Introduction 

Comprehensive data and analysis on multi-modal travel are often called for in both urban 

planning and land use (Toivonen et al. 2014). Also, understanding the spatial patterns of 

mobility and accessibility are exceedingly essential to assimilate the functioning of 

modern societies (Tenkanen 2017). Considering the development and modern trends of 

digitalization, it has been stated in the media that "people who control the biggest real-

time databases on human mobility are in the best possible position" (Helsingin Sanomat 

2017). 

One example of a comprehensive open dataset on multi-modal travel in the 

Helsinki metropolitan area is the Helsinki Region Travel Time Matrix (2015, also from 

2013), created by the Digital Geography Lab, Department of Geosciences and 

Geography, University of Helsinki (Toivonen et al. 2015). To this day, the Matrix datasets 

have been used mainly in spatial pattern analysis based on travel time information without 

integrated population data (Toivonen 2018). Hence, this kind of analysis is called for. 

Centrality measures were originally derived from the field of social networks, and 

they were first introduced by Freeman (1978). Centrality measures aim to identify the 

most important nodes within a network. There are numerous ways to measure centrality. 

The most common centrality measures include degree centrality, defined as the number 

of links incident upon a node; closeness centrality, defined as the distance between nodes 

and betweenness centrality, defined as the number of shortest paths that pass through a 

node. In addition, Porta et al. (2006) have introduced the Multiple Centrality analysis tool 

which contains many centrality indices for analyzing urban street networks. Curtis and 

Scheurer (2016) took this approach even further by developing centrality indices for 

measuring public transport networks. In their SNAMUTS (Spatial Network Analysis for 

Multimodal Urban Transport Systems) tool they include a range of indicators measuring 

the effectiveness of a public transport network and the relationship between transport 

network and land use activity. 

In this study, degree and closeness centralities were used – degree centrality for 

analyzing the effect of the amount of transfers by public transportation to working 

population accessibility, and closeness centrality for evaluating the effect of travel time 

to working population accessibility. The study was divided into three main categories; i) 
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calculation of centrality measures, ii) demographic analysis and dataset comparisons, and 

iii) creation of an interactive web application. 

The main purpose of this study was to create and analyse working population 

(aged 20–69) catchments based on centrality measure calculations. One objective was 

also to create open methods for doing comparative analysis based on different Helsinki 

Region Travel Time Matrix datasets. The study questions were: 

• Where are the most accessible places in the Helsinki metropolitan area for the 

working population by public transportation and private car? 

• What are the effects of travel time and the amount of transfers in analysing 

population centrality by public transportation? 

2 Data 

The Helsinki Region Travel Time Matrix (HRTTM) 2015, created by Digital Geography 

Lab, was the basis dataset for the research. The Matrix grants comprehensive and compact 

form to understand and compare travel times and distances, as well as temporal changes 

of private car, public transportation, and walking throughout the Helsinki metropolitan 

area (Toivonen et al. 2014).  

The Matrix consists of 13 231 text files depicting all the 250 m × 250 m YKR grid 

cell centroids of the region used by the Finnish Environment Institute (SYKE), thus 

allowing comparison between other datasets of the region (Toivonen et al. 2014). While 

all the 13 231 text files have the same 14 attributes containing ID numbers and relevant 

travel information concerning modes of transport, they are divided by calculations on 

how each individual file can be reached from every other file. Depending on research 

purposes, this dataset structure allows users to pick individual locations in the grid, and 

model how fast or far they can be accessed by either car, public transportation or walking 

in given time or distance. Although this complete downloadable dataset is very large and 

has required approximately 1.2 billion calculations, it is divided in compressed zip-files 

with identification details of all the cells, thus creating user-friendly method to analyze 

accessibility (Toivonen et al. 2014).  

The Matrix is based on realistic model calculations on all modes of transport, 

which are not solely induced simply from speed limits or from too complicated 

engineering models (Toivonen et al. 2014). According to Toivonen et al. (2014), the key 
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factor in calculations for the Matrix is the whole travel chain or in other words door-to-

door approach, with time impedances from the origin to the destination. Basically, their 

calculations for private car account for parking time based on studies and public 

transportation account waiting time for transfers. During their research, the Accessibility 

Research Group has published two versions of the Matrix: first one in April 2013 with 

nine attributes based on midday calculations (12:00 – 13:00 PM) and the second in 

September 2015 which had additional rush hour (08:00 – 09:00 AM) attributes for private 

car and public transportation.  

In addition, the Helsinki Region Travel CO2 Matrix is a dataset which contains 

information about the CO2 emissions of the routes between 13 231 matrix cells (Toivonen 

et al. 2016). Again, the dataset contains the number of lines used in public transport routes 

and estimated fuel consumption (liters) in car routes. In this analysis, we were solely 

interested in the number of lines of public transport routes. With that information, the 

calculation of the number of transfers between individual cells was executable. 

The Helsinki Region Population Grid is a dataset provided by the Helsinki Region 

Environmental Services Authority (HSY), which contains demographic data about the 

number of inhabitants, age structure and occupancy rate in 250 m × 250 m grid cells in 

the Helsinki region in 2016 (HSY 2016). Due to privacy reasons, the dataset does not 

show age structures for cells which contain less than 100 inhabitants in total. The cells 

which contain less than 100 inhabitants are coded with the integer value 99. In this 

project, we were mainly interested in the working population distribution (age 20–69) in 

the Helsinki region. In figure 1, the spatial distribution of the working population used in 

this analysis is shown as a map. From the map one can easily see that the population is 

mainly located inside the circumferential Ring III highway except for the northeastern 

part of the study area where considerable population exist also outside the Ring III along 

the railway corridor to the north.  
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Figure 1. Distribution of the working population (age 20–69) in the Helsinki region. 

3 Methods  

3.1 Centrality measures 

In this project, we used closeness centrality for analyzing the metric perspective of the 

network (travel time) and degree centrality for analyzing the topological perspective of 

the network (number of transfers). As network nodes we defined the centroids of the 13 

231 cells of the Helsinki Region Travel Time Matrix and as network edges we defined 

all the shortest time paths between these nodes. For including the land use component in 

our analysis, we calculated working population contour catchments with variable travel 

time and transfer parameters. The contour catchment indices are expressed as percentages 

of the total number of working population (20–69-year-olds) in the Helsinki metropolitan 

area and are shown for each cell in the matrix. The contour catchments include not only 

the transportation component of accessibility, but also the land use component by 

reflecting the spatial distribution of inhabitants. Thus, the contour catchments are 

influenced by land use factors, such as the density of urban population as well as by 

transportation factors, such as the speed of the vehicles. 
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3.2 Interactive web application 

We created a web application for presenting the study in an interactive poster using the 

Dash Python module. Dash is a framework built on top of Plotly.js, React and Flask to 

create analytical web applications without JavaScript (Plotly 2017). The module also 

utilizes HTML language but it has been built inside the framework as a submodule and 

can be used solely with Python functions. The source code of the application will be 

published in Digital Geography Lab's (Department of Geosciences and Geography, 

University of Helsinki) GitHub pages (https://github.com/DigitalGeographyLab) during 

2018 and the actual interface is available at http://centralityposter.github.io. The main 

reasons for using Dash were: 

• Approachable nature of the framework (only Python required) 

• Mapbox support 

• Possibility to explore a relatively new interactive framework 

• Unveiling new development possibilities for University of Helsinki master's 

degree course Automating-GIS processes 

The framework is capable of rendering Mapbox's Scattermapbox point geometry 

maps without any major difficulties. However, a negative aspect of Dash is the rendering 

of large polygon geometries and hence the creation of choropleth maps. This can be done 

but not without noticeable performance issues in a web display. This problem was solved 

using YKR grid's individual cell centroids to create point geometries for map 

visualization. 

3.3 Temporal function for comparing Helsinki Region Travel Time Matrices 

A new Helsinki Region Travel Time Matrix dataset will be published during the first half 

of 2018 including travel times using a bicycle. A temporal function for comparing the 

Helsinki Region Travel Time Matrix datasets from different years was created using 

Python, and the script is planned to be published in Digital Geography Lab's GitHub 

internet pages (https://github.com/DigitalGeographyLab) during 2018. 

The script introduces two functionalities. The first one calculates closeness 

centralities from a selected Helsinki Region Travel Time Matrix dataset based on wanted 
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travel time column, and the second one compares closeness centralities between 

temporally different matrix datasets. The output is a shapefile with a new column for 

comparison values. The calculation is a subtraction of older values from newer ones. 

Currently, the script is suitable only for 2015 and 2018 datasets due to differences 

in travel time calculations in 2013. It is also based on the assumption of similar column 

names between the datasets. This could not have been verified during the study due to the 

new dataset not being available at the time of the publication of this article. Furthermore, 

individual YKR grid cell value comparisons are not yet supported. These functionalities 

are planned to be added later. 

3.4 Calculating population catchments using travel time and number of 

transfers 

In the study, we calculated population catchments of the 20–69-year-old population using 

car and public transportation. The analysis included preprocessing the data using QGIS 

and performing calculations with Python using the Pandas module. The population 

dataset provided by the HSY was in a different geographic coordinate system than the 

Helsinki Region Travel Time Matrix which meant that we first had to reproject the 

population dataset to match the travel time data. After this step, we transformed the 

population data grid cells into centroid points and allocated each point to a YKR grid cell. 

Then, with Python, we calculated the total number of the 20–69-year-old population in 

each cell by calculating the sum of 20–29, 30–39, 40–49, 50–59, and 60–69-year-olds. 

After preprocessing of the data, we calculated the 30-minute population 

catchments of the 20–69-year-old population using car and public transportation. The 

calculation was done with Python using iteration, which enabled the calculation of several 

thousand population catchments to every cell inside the matrix. The script read each 

matrix into the system memory using the Pandas module and then merged the population 

data into each matrix. After this, the script calculated the sum of population living within 

30 minutes travel time in rush hour traffic in each matrix and finally saved the resulting 

population catchment value to a new Pandas Data Frame. This calculation was done for 

each of the 13 231 files in the Travel Time Matrix by using both car and public 

transportation as travel modes. Thus, the calculation of the population catchments 

included a total of 26 462 calculations.  
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We assessed also the effect of the number of transfers and travel time on working 

population accessibility by calculating for every cell how many people were within a 

certain number of transfers and travel time by public transportation. For this, we created 

a Python function which merged every Travel Time Matrix file (containing information 

about travel time) with the corresponding Travel CO2 Matrix file (containing information 

about number of transfers) as well as with the population dataset. Then we selected 

population catchments within 30, 45, and 60 minutes travel time and from those 

catchments we selected the rows where the number of transfers was 0, 0–1, or 0–2. 

Finally, we calculated the sum of each catchment and converted the value into 

percentages of total working population in the study area. As a result, we created 9 

different maps showing the effects of different travel time and number of transfer 

combinations on working population catchments (figures 6 and 7). In addition, figure 2 

displays the flowchart of the population catchment analyses. 

 

 
Figure 2. Flowchart of population catchment analyses. 
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4 Results 

4.1 Comparison between car and public transportation 

Comparing the 30-minute rush hour working population catchments by car and public 

transportation (figure 3), one can see a major difference – using car, far more people can 

be reached in the Helsinki metropolitan area. Figure 3 represents overall accessibility of 

both private car and public transportation with same classifications within 30 minutes 

from every cell to another, which aids visual comparison analysis. For this analysis, we 

reduced grid cells that were inaccessible by both car and public transportation network, 

leaving a total of 12 813 cells. The reduced 418 cells were mostly located on the outer 

rim of the area including parts of the Nuuksio National Park, Helsinki-Vantaa Airport and 

some fields and lakes. Although, few of these cells had some working population 

habitants, a closer inspection revealed that they wouldn't cause relevant significance to 

the overall accessibility results given their lack of road networks. 

The overall accessibility difference of the working population between private car 

and public transportation in the Helsinki metropolitan area is highly evident in both visual 

and numerical analysis. Within 30 minutes from departure, 93.1% of the working 

population can reach the most accessible destination cell by car, while the most accessible 

destination cell can be reached by only 52.3% with public transportation. However, these 

destination cells are not in the same location between car and public transportation (figure 

4). By car, the most accessible cell (93.1%) is in Pakila along the major Kehä 1 ring road 

which connects all the other main roads leading to Helsinki Central. Also, it's notable that 

the rest of the cells in the most accessible class (90.1 –93.1%) by car are all close by along 

the Kehä 1 between Kannelmäki and Itä-Pakila. By public transportation, the most 

accessible cell (52.3%) covers the Pasila Station, which in addition of accounting for 

many bus lines also gathers together all the train lines going to Helsinki Central Railway 

Station.  
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Figure 3. Representation of how the 250 m × 250 m grid cells of the Helsinki 
metropolitan area can be reached by the working population (age 20–69) within 30 
minutes by private car and public transportation during September rush hour (8:00–
9:00) in 2015. 
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Figure 4. Representation of the most accessible 10% of the 250 m × 250 m grid cells 
(1281 cells out of 12 813) by private car and public transportation of working 
population (age 20–69) in the Helsinki metropolitan area during September rush hour 
(08:00–09:00) 2015.   

In 2013, the most accessible YKR grid cells by car and public transportation 

(figure 5) were identified by Tenkanen et al. (2016). In the analysis of the most accessible 

places in the Helsinki metropolitan area for the working population by public 

transportation and private car, it seemed also reasonable to focus on the best ten percent 

of the cells where similarities and differences are more evident than on the whole region. 

For the most accessible 10% of the 12 813 grid cells (1281 cells) by public transportation 

and car within 30 minutes, there were a total of 727 overlapping cells (figure 4). Even 

with our added working population, our results are similar to those made by Tenkanen et 

al. (2016) with the 2013 dataset.  
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Figure 5. The best 10% of the 250 m × 250 m statistic grid cells in the Helsinki 
metropolitan area in terms of accessibility by public transportation and car in 2013 
(Tenkanen et al. 2016). 

When comparing accessibility of the working population between private car and 

public transportation throughout the whole Helsinki metropolitan area with centrality 

measurements, it’s rather clear that the center of the study area is the most accessible. 

This can possibly be explained easily by the overall topography of the area, where 

shoreline on the Southern part and undeveloped parts, mostly fields and forests, on the 

upper ring creates favorable accessibility for the spatial center instead of the Helsinki city 

center. 
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4.2 Comparison between the number of transfers and travel time 

Figure 6 shows our contour catchment calculations with varying number of transfers 

combined with varying public transport travel times. It consists of nine individual maps 

which show the population catchments of each cell in the matrix as percentages of the 

total working population. The vertical axis displays the variation of the maximal number 

of transfers whereas the horizontal axis shows the different maximal travel times used in 

the calculations. Thus, the upper three maps show 30-, 45-, and 60-minute contour 

catchments when only transfer-free connections are included, the three maps in the 

middle show the same contour catchments when a maximum of one transfer is allowed, 

and the bottom three maps show the same for a maximum of two transfers. As we can 

clearly see, increasing the travel time and the number of transfers augments the contour 

catchments considerably. In the upper left map, where only transfer-free connections 

within 30 minutes are allowed, the population catchments vary between 0% and 40% of 

the total population and most of the cells have catchments of less than 10%. In contrast, 

the bottom right map shows much bigger catchments and inside the Ring I almost all cells 

have population catchments of over 80 percent of the total working population. 

By viewing the maps, several observations can be made. Firstly, when comparing 

the 30-minute contour catchments, one can see that there is practically no difference 

between one and two transfers. This is because the 30-minute travel time threshold is 

quite low, and the contour catchments reach their saturation point already at one transfer. 

Therefore, no further improvements can be made by increasing the number of transfers 

from one to two. The same applies also when comparing the 45-minute contour 

catchments, although some small differences between one and two transfers can be seen. 

On the other hand, when comparing the 60-minute contour catchments, one can notice 

that all three maps differ substantially from each other. When comparing the maps in a 

horizontal direction, one can observe that when only transfer-free connections are 

allowed, the 45- and 60-minute contour catchments don’t differ much from each other. 

On the other hand, by comparing the bottom three maps, one can see that all three maps 

differ considerably from each other. From these observations, two general trend lines can 

be drawn. Firstly, the greater the travel time threshold, the bigger is the impact of the 

number of transfers on the resulting maps. Secondly, the greater the number of transfers, 

the bigger is the impact of the travel time variable. 
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Figure 6. Contour catchments with variable parameters regarding travel time and number of transfers.
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One can also notice that in transfer-free connections (especially 45 and 60 

minutes), the importance of the Helsinki city center as a monocenter for the region is at 

the biggest. This has at least two reasons. One is that several public transportation modes 

converge at the central railway station, such as metro, commuter trains and several bus 

and tram lines. This makes it possible to travel to several directions without transfers. The 

second reason is that the public transportation structure in the Helsinki region is very bus-

oriented compared to other European cities (Curtis & Scheurer 2015, 2017). The bus 

network in the Helsinki region covers large areas and most of the bus lines coming from 

Helsinki and Vantaa end at the Helsinki Central Station. This has led to a radial public 

transport network topology with only a few orbital connections which is the reason why 

Helsinki city center stands out as the main center when only transfer-free connections are 

considered. 

In figure 7, we have displayed the ten cells with the largest population catchments 

when different travel time and number of transfer constraints are used. In general, the 

maps show the same trends as in figure 6 but in a more detailed way. When viewing the 

30-minute transfer-free catchments, one can see that the most accessible cells are located 

around the central railway station, followed by Pasila. By increasing the number of 

transfers to one, the spatial distribution of the most accessible cells is much wider. The 

two most accessible cells are then both located in Pasila, followed by Oulunkylä, Helsinki 

city center, Ilmala, Malmi and Viikki. The reasons for this kind of distribution are yet 

unclear, and in the framework of this project we couldn’t go very deep into the 

multifaceted interactions behind these patterns. However, the common denominator for 

Oulunkylä, Viikki and Malmi is that all of them are located at the crossroads of several 

important radial and orbital bus or commuter train lines which could possibly explain 

their good ranks.
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Figure 7. Ten cells with the largest contour catchments.
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Comparing the three 60-minute contour catchments brings also some interesting 

findings. When allowing two transfers, the ten best cells form several concentrations 

around the main railway station, Pasila and Ilmala but when only one transfer is allowed, 

the best ten cells form a tight cluster around the main railway station. Then again, in 

transfer-free connections, all the most accessible cells are located on a narrow strip 

between Töölönlahti and Vanha kirkkopuisto. When looking at the transfer-free 60-

minute contour catchments more closely, one can see that many of the ten most accessible 

cells are actually located in Töölönlahti park next to the railway tracks. Interesting 

though, these cells are not ranked as good when analyzing shorter travel times and besides 

that, there are also no public transport stops located in these cells. One possible 

explanation could be the door-to-door approach of the routing algorithm. Because in the 

Töölönlahti Park there are no public transport stops, but it is still located quite centrally 

near Mannerheimintie and the central railway station, it could be that there are several 

public transport stops with lines going to different directions within a short walking 

distance. This might lead to a situation where the user can travel to various destinations 

using different lines without transfers by first walking a few hundred meters from the cell 

centroid to the nearest stop. 

5 Discussion 

For understanding urban accessibility, it is fundamental to take the spatial distribution of 

the population into account. Without this, the most accessible cells would be located far 

more in the north, especially in the case of private car accessibility (figure 4). As can be 

seen in figure 1, the areas outside of Ring III in Espoo are practically uninhabited. 

Therefore, it would be misleading for the analysis of urban accessibility to exclude the 

land use component and assume that every cell is equally weighted. By including the 

population distribution, we can weight different cells according to their population, which 

leads to more usable results for different applications of accessibility analysis. 

Our results give interesting insights about the locations of the most central cells 

in the Helsinki region, when both the transportation and the land use components of 

accessibility are taken into consideration. It is interesting to notice that based on our 

analysis it seems that the most central cells in the public transportation network are 

located at the central railway station, Pasila and on other important commuter train stops 
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along the north-south railway corridor (Päärata). In contrast, cells along the metro line 

don’t belong to the 10 most accessible cells (with the exception of the central railway 

station). This kind of distribution can probably be explained with the fact that the 

commuter train is a fast travel mode (with maximum speeds of up to 110 km/h) and along 

the Päärata railway corridor the population density is quite high (figure 1). Our results 

give also important suggestions for the land use planning by identifying which cells are 

particularly central and which cells would most urgently need development. We can take 

as an example the Oulunkylä commuter train stop, which is the second most central place 

in the whole Helsinki region when only 30-minute connections with a maximum of one 

transfer are considered (figure 7). However, by visiting the Oulunkylä train stop, it seems 

that there are no shops or other services or facilities immediately next to this commuter 

train stop, only an empty platform where a gloomy tunnel leads to the bus stop of the 

orbital 550 bus line (figure 8). Urban development of these kind of cells should thus have 

a high priority in the city planning. 

 

 

Figure 8. Oulunkylä commuter train stop. 
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There are some general assumptions as well as possible flaws in our demographic 

analysis due to unavailability of unrestricted population data concerning ages and car or 

public transportation utilization rate within YKR-cells. These issues were understood and 

taken into consideration, although this part of our study was mainly to show possibilities 

of adding demographic analysis and dataset comparisons to the existing Helsinki Region 

Travel Time Matrix. Our modelling of accessibility by private car assumes that everyone 

in the working population would have access to a car, although this is not realistic. Then 

again, for the purposes of this study, creating an entire spatially accurate dataset of actual 

car ownership within working population wasn't necessary or possible. Another issue was 

the restricted HSY population data due to privacy issues concerning people's ages, which 

rendered grids with less than 100 inhabitants unusable for our study with No Data 

attribute information. These No Data cells with less than 100 inhabitants included in total 

97 022 people and they are mostly located on the fringes of our study area, which creates 

a small bias towards the centre of our study area. 

The analysis has concentrated only on the impacts of travel time and number of 

transfers on the population catchments during rush hour traffic. That being said, it does 

not consider the variation of public transportation service frequency between individual 

cells. Although the travel time or number of transfers might be low, they don’t necessarily 

mean that the service frequency would be adequate. Low service frequencies obviously 

have a negative impact on the attractiveness of the public transport as a travel mode, as 

the user must plan ahead journey schedules. This analysis has also concentrated solely on 

the rush hour traffic and does not take into account temporal variation. Travel times, 

number of transfers and particularly service frequencies might be considerably worse for 

example during night or in the evening than during rush hour. The Travel Time Matrix 

does also not take the varying public transportation ticket prices into account. In the 

Helsinki region, different journeys have different ticket prices depending on the zones of 

the origin and the destination locations. Thus, the varying ticket prices have an impact on 

the willingness to make a journey, which obviously reduces the attractivity of cross-

border connections for public transport users. 

The Travel CO2 Matrix also has some limitations for the analysis of degree 

centrality. In the Travel CO2 Matrix, the routes are calculated based on the fastest travel 

time, which brings some methodological shortcomings when degree centrality is 
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analyzed. As Curtis & Scheurer (2016) note, degree centrality should be calculated by 

first determining the path with the minimum number of transfers, even if this leads to a 

longer total travel time. As we can see in figure 7, the cells that have the highest transfer-

free 60-minute catchments lie partly in the Töölönlahti Park. Probably, if the paths were 

calculated based on the minimum number of transfers, the cells with the lowest number 

of transfers would probably instead be in places where important public transportation 

lines converge and where it is possible to travel to a range of directions. 

For future research, it would be interesting to analyze what kind of contour 

catchment patterns would be produced when maximum travel time threshold is lowered 

from 30 to e.g. 20 or 10 minutes. Which cells would in that case be the most accessible 

cells in the whole Helsinki region? It would also be interesting to include other land use 

components in our analysis, such as the distribution of jobs in the Helsinki region. Our 

analysis doesn’t take the effect of the western extension to the Helsinki metro line 

(Länsimetro) into account because it didn’t yet exist when the Travel Time Matrix 2015 

was created. Thus, it would be interesting to take the Länsimetro into analysis and explore 

whether it has improved or shifted the accessibility patterns in the Helsinki region. Also, 

considering the effect of the public bicycle system would probably show totally new 

results, as it would complement the public transportation system by bringing an important 

solution to the last-mile problem. Thus, it would be highly interesting to see how 

competitive the public transportation system would be compared to private car when the 

public bicycles are taken into account as a part of the public transportation system. 

6 Conclusions 

Our project has analyzed the working population catchments of over 13 000 cells in the 

Helsinki Region Travel Time Matrix using closeness and degree centralities. Analyzing 

the spatial distribution of the working population contour catchments gives interesting 

insights into the interactions between land use and transportation components of 

accessibility. Working population was chosen because it reflects the population group 

that most probably has access to private cars. Also, we wanted to create practical 

applications of the working population accessibility for the viewpoint of e.g. a business 

location analyst who wants to select an optimal site for an office or a store. During the 

analysis, we created Python functions for iterating through all files in the Matrix which 
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would have been an impossible task to complete without automatization. We have also 

created an interactive web application using the Dash Python module in order to visualize 

our results in an interactive framework.  

Our results suggest that taking the population distribution into account is highly 

essential for the analysis of accessibility in urban areas in order to simulate accessibility 

realistically. Private car accessibility is still much better than public transportation, as 

over 90 percent of the working population can be reached within 30 minutes in the most 

accessible areas while only about 50 percent of the population can be reached using public 

transportation. By taking the population distribution into account, the spatial distribution 

of the most accessible 10 percent using car shifts southwards and partly overlaps with the 

most accessible 10 percent using public transportation, when compared with the 

accessibility patterns without considering population distribution. 

Analyzing the distribution of the ten most central cells reveals interesting 

observations about the varying locations of the cells with the highest population 

catchments. Some of the variation can be explained with the network and modal structure 

of the public transportation system in the Helsinki area, as well as with the door-to-door 

approach of the routing algorithm. However, there are many interesting questions that 

remain unanswered, such as why certain cells are clearly more accessible than others 

when different travel time and number of transfer constraints are taken into account or 

why different travel time and number of transfer combinations produce highly different 

accessibility patterns than others when only the most accessible cells are analyzed. 
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Abstract 

ESA CCI Land Cover is a global land cover data set with 38 land cover classes. 

The aim of this study was to determine the accuracy of the global land cover data 

in Finland compared to finer resolution national datasets produced by Corine and 

Luke and to examine ESA dataset’s suitability for national level use. The datasets 

were adjusted so that they were comparable and then a comparison on the whole 

Finland and in 4 smaller test areas containing problematic land cover classes was 

conducted. The conclusions were that the accuracies of the classes vary greatly and 

that the overall accuracy of ESA compared with the Corine dataset is rather low, 

although still decent for a global dataset. However, comparison of only forest areas 

gives much better results. Finally, the comparison of these datasets has some 

problems but, despite those, we would recommend using Corine over ESA land 

cover data when possible.  

Keywords: ESA; Corine; GIS; global land cover data 

1 Introduction 

Land cover data contains information about different types of surfaces covering the Earth 

that can typically be observed remotely from satellites (Fritz et al. 2017). This data can 

be used for various research purposes such as mapping of vegetational areas or 

environmental degradation. Usually, land cover datasets are produced periodically to 

allow studying the change of land cover areas. For example, European Space Agency 

(ESA) Land Cover dataset covers the years from 1992 to 2017. 
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There are various ways to produce global land cover datasets and to classify 

different land cover classes so it’s essential to evaluate their accuracy (Heiskanen 2008). 

In this study, the new global land cover dataset produced by ESA was compared to finer 

resolution national datasets from Finland to assess its accuracy and to evaluate its 

suitability for national level use. 

2 Data 

2.1 Datasets 

2.1.1 ESA Global land cover data 

ESA Land Cover was produced by ESA’s Climate Change Initiative (CCI). This program 

aims to enhance the Essential Climate Variable (ECV) databases by using long-term 

global Earth observation archives (ESA 2016). Moreover, the aim of the dataset is to 

provide “an accurate land-cover classification that can serve the climate modelling 

community” (ESA 2015). The dataset has been produced remotely with Envisat’s 

Medium Resolution Imaging Spectrometer (MERIS) which provides a spatial resolution 

of 300 m of the whole terrestrial surface of the Earth (ESA 2017). The dataset is 

automatically interpreted. It covers time series from 1992 to 2017 and contains 38 land 

cover classes which are based on the UN Land Cover Classification System. 

2.1.2 Corine land cover dataset 

Corine Land Cover 2012 is a national land cover and land use raster dataset with 20 m 

resolution produced by the Finnish Environmental Institute (SYKE). The dataset covers 

the whole Finland and has four different levels for classification (SYKE, 2015). It was 

produced as a part of the European Gioland 2012 project and the class definitions from 

that project are used within Corine Land Cover dataset. The dataset is based on automated 

interpretation of satellite images and on a few manually interpreted classes. In addition, 

several existing spatial datasets were also integrated into the dataset, such as datasets from 

the Topographic database of Finland, Digiroad, Building and dwelling register, and the 

Finnish land parcel Information system. Source material is mostly from the year 2012. 
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2.1.3 Classification of forest areas by Luke 

The Natural Resources Institute of Finland (Luke) maintains a database containing 

various forestry related datasets from Finland. It covers all forestry land in Finland, 

including forest land, low productive forest land and other land areas for forestry (Luke, 

2012). The pixel size for all datasets produced in 2015 is 16 × 16 meters. The data has 

been produced using over 5000 field test areas as well as Landsat 8 and Sentinel-2A 

satellite images from 2015. The dataset used in this study is a classification of the forestry 

area according to the Food and Agriculture Organization’s (FAO) Forest Resources 

Assessment (FRA) from 2015. FRA contains 4 classes: forest, other wooded land, other 

land, and other land with tree cover. 

2.2 Study area 

Both national datasets were compared to ESA first on the national scale. Additionally, 

four smaller 50 km × 50 km test areas were selected to perform closer examination of the 

ESA and Corine datasets (figure 1). The areas are located in different areas of Finland 

with different kinds of land cover characteristics. The chosen areas represent land cover 

types that are commonly recognised as problematic (Yang 2017; Heiskanen 2008). The 

first sample area is in southern Finland in the capital region with a high fraction of built 

areas. The second area is in central Finland covering mainly forests and lakes. The two 

remaining areas are located in Lapland, one in the Käsivarsi region with large areas of 

wetlands and forests (transitional zone) and one in the northernmost Finland with 

wetlands and sparse vegetation/shrubland. These test areas also cover most of the land 

cover classes and give some insight to the variation of classification between the datasets. 

 The 50 × 50 km size of the test areas were chosen to make the comparisons simple 

and clear enough for visual interpretation and at the same time large enough to cover 

multiple land cover areas and even zones of transition. 
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Figure 1. Corine land cover and test areas listed from north to south down: 1.) Northern 

Lapland, 2.) Central Lapland, 3.) Forest, 4.) Urban. 
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3 Methods 

3.1 Reclassification of ESA and Corine datasets 

To compare the ESA and Corine land cover data, 10 land cover classes were defined, and 

the original land cover classes were aggregated to the new classifications (table 1). ESA 

dataset had originally 38 classes out of which 22 occur in Finland. From Corine land 

cover data, level three classification with 43 classes was used. Multiple classes were often 

combined to find common classes and to avoid too detailed classifications. Definitions 

for the dataset classes were used to find the best combinations and matches. Most 

problematic classes were mosaic classes and sparsely vegetated areas since the definitions 

of these classes varied and partly overlapped with other classes. Classes that are not found 

in Finland were excluded from the process. Finally, the datasets were reclassified using 

ArcGIS Reclassify tool (ESRI 2011). 

3.2 Reclassification of forestry data and ESA dataset 

For the comparison of Luke’s forestry data and ESA’s forest classes, the two datasets 

were reclassified to two classes: forest and non-forest. From ESA, “mosaic natural 

vegetation (> 50%) / cropland (< 50%)”, all tree cover classes and “mosaic tree and shrub 

(> 50%) / herbaceous cover (< 50%)” classes were classified as forest area and everything 

else as non-forest. From the forestry dataset, only the actual forest class was classified as 

forest. “Other wooded land” and “other land” were classified as non-forest.  

The forestry dataset includes only forestry areas in Finland, with agricultural 

areas, water bodies and urban areas classified as no data. To include these areas in the 

non-forest class, a mask covering the whole Finland was created from the ESA dataset. 

This mask was then used to separate Luke’s “no data” values inside Finland from those 

outside the borders. No data values outside of Finland were kept as no data values and 

those in Finland were reclassified as non-forest areas. 

3.3 Resizing the national datasets 

Due to the smaller pixel size in the national datasets, they had to be resampled to match 

ESA’s resolution. The resampling was done with ArcGIS’ Resample tool (ESRI, 2011). 
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The resampling type was majority, meaning that the value of each new pixel was based 

on the most common value in a 3 by 3 window. 

Table 1. Original classes of ESA and Corine datasets and new aggregated classes. 

New class ESA CORINE
cropland Cropland, rainfed

Herbaceous cover, tree or shrub
Cropland irrigated or post-
flooding
Mosaic cropland (>50%) / 
natural vegetation  (<50%)

Non-irrigated arable land
Fruit trees and berry plantations
Land principally occupied by agriculture
Permanently irrigated land
Agro-forestry areas
PAstures

Broad-leaved 
forests

Tree cover, broadleaved, 
evergreen, closed to open 
(>15%)
Tree cover, broadleaved, 
deciduous, closed to open 
(>15%)

Broad-leaved forests

Coniferous 
forest

Tree cover, needleleaved, 
evergreen, closed to open 
(>15%)
Tree cover, needleleaved, 
deciduous, closed to open 
(>15%)

Coniferous forest

Mixed forest Tree cover, mixed leaf type 
(broadleaved and needleleaved)
Mosaic natural vegetation  
(>50%) / cropland (<50%)
Mosaic Tree and shrub (>50%) / 
herbaceous cover (<50%)

Mixed forest

Grassland 
and shrubland

Mosaic herbaceous cover (>50%) / T and shrub (<50%)
Shrubland
Shrubland deciduous
Grassland

Moors and heathland
Natural grasslands
Transitional woodland-shrub

Sparsely 
vegetated

Sparse vegetation (tree, shrub, 
herbaceous cover) (<15%)
Sparse shrub (<15%)

Sparsely vegetated areas

Wetlands Tree cover, flooded, fresh or 
brakish water
Tree cover, flooded, saline water
Shrub or herbaceus cover, 
flooded, fresh/saline/brakish 
water

Salt marshes
Inland marshes
Peat Bogs

Urban areas Urban areas Continuous urban fabric
Discontinuous urban fabric
Industrial or commercial units
Road and rail networks
Port areas
Airports
Mineral extraction sites
dump sites
Construction areas
green urban areas
Sport and leisure facilities

Bare areas Bare areas
Consolidated bare areas
Unconsolidated bare areas

Bare rocks
Beaches, dunes, sand

Water bodies Water bodies Water courses
Water bodies
sea and ocean
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3.4 Comparing the datasets with confusion matrix 

A confusion matrix was used to describe model performance and to summarize the 

accuracy of predictions (Brownlee 2016). It’s a tool to observe classification errors and 

their types. The confusion matrix between ESA and the national datasets was calculated 

with ArcGIS Tabulate area tool (ESRI 2011). User’s accuracy represents the share of 

pixels in a classification that match the actual pixel value and is calculated by dividing 

correct classifications of a specific class with all the pixels in that class (Ukrainski 2016). 

The overall accuracy is calculated by dividing the number of all the correctly classified 

pixels by the total number of pixels. Producer’s accuracy represents correctly classified 

pixels compared to the pixels in that class in the reference data. The closer all these 

accuracies are to one (100%), the better the classification. 

3.5 Visual comparison of the test areas 

ESA and Corine datasets were compared visually in the four test areas (figure 1). Also, 

confusion matrices were used to get more specific results for the classes that were the 

most problematic inside the test areas. 

4 Results 

4.1 Comparison of ESA and Corine datasets 

The confusion matrix in table 2a represents the user’s accuracy of the ESA Land Cover 

data set as percentages and in a similar manner the producer’s accuracy is presented in 

table 2b. Percentages were used due to the high number of pixels which made 

interpretation of the tables difficult. “No data” values have been dropped out in the tables 

because of their high impact on the overall accuracy and because almost all of them were 

located outside of Finland. The diagonal row (bolded cells) represent the share of the 

correctly classified pixels (user’s and producer’s accuracy). The blue coloured cells 

represent the highest value of the row/column. 
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Table 2. Confusion matrix comparing ESA and Corine datasets. CL= Cropland, BLF = 

Broad-leaved forest, CF = Coniferous forest, MF = Mixed forest, GS = Grassland and 

shrubland, SV = Sparsely vegetated areas, WL = Wetlands, UA = Urban areas, BA = 

Bare areas, WB = Water bodies. 

 

Table 2a. Confusion matrix with user’s accuracy as percentages. 

 

Table 2b. Confusion matrix with producer’s accuracy as percentages. 

 

 

Table 3. Proportion of areas of each class in ESA and Corine datasets.  
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When comparing the percentages, it is good to remember that the size of the 

classes varies greatly (table 3) and the absolute amount of errors can’t be seen in the 

relative percentage values. So, even though the accuracy values of coniferous forest class 

(CF) are relatively good, it also contains the highest absolute amount of errors because of 

the size of the class (40% of the whole country in Corine and 48% in ESA).  

The overall accuracy (all correctly classified pixels/all classified pixels) of the 

ESA classification is 63.84% but there is high variation of accuracy between different 

classes. The most accurately classified class is water bodies (WB) with both accuracies 

over 93% and the least accurately classified class is sparsely vegetated (SV) areas with a 

user’s accuracy of 8.79%. There is high variation between shares of the classes in the two 

data sets (table 3) although in both datasets the largest class is coniferous forest (CF) and 

the second largest is water bodies. The most notable relative differences are in the shares 

of grassland and shrubland (GS), urban areas (UA) and sparsely vegetated areas. 

Especially the grassland and shrubland class is almost missing from the ESA data (0.59% 

of the whole area) while it is the third largest class in the Corine classification. 

 Accuracies of the ESA classification follow the differences in the class sizes. The 

high omission classes (grassland and urban areas) have very low producer’s accuracy 

values whereas the high commission classes (e.g sparsely vegetated areas and mixed 

forest) have low user’s accuracy. The grassland and shrubland class has mainly been 

mixed with coniferous forest and mixed forest but also most of the sparsely vegetated 

areas are actually grassland and shrubland in the ESA data. Forest classes have been 

mixed together and are generally quite poorly classified apart from coniferous forest 

which has relatively high user’s and producer’s accuracy. It does however also include 

most of the mixed forest (MF), grassland and urban areas classes and a fair share of other 

classes too. Cropland class (CL) is also relatively well classified. 

4.2 Evaluation of test areas 

4.2.1 Urban area in Southern Finland 

Corine Land cover dataset has more area classified as urban (15.9%) in the study area 

than ESA Land cover (3.5%) (figure 2). Over 90% of the areas classified as urban in ESA 

are in the same areas as in the Corine data, meaning that the user’s accuracy is good and 
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centres of larger urban areas are recognized in both datasets. However, only 19% of the 

Corine urban class is covered by ESA’s urban class (producer’s accuracy). Smaller urban 

areas and outer edges of urban areas are not noticed by ESA’s classification. These other 

areas that have been classified in Corine as urban are divided into many other classes in 

ESA land cover data. They are mostly classified as cropland (35.5%), coniferous forests 

(28.1%) and mixed forests (9.9%). Also, the majority of ESA land cover classes of bare 

areas (100%), grassland and shrubland (~50%) and sparsely vegetated areas (~50%) are 

located in areas that in Corine are classified as urban, although these areas cover together 

only 5.5% of the total Corine urban class area. 

 

Figure 2. Land cover classification by ESA and Corine in an urban area in Southern 

Finland. 

 

4.2.2 Forested area in Central Finland 

In general, the area is well classified with an overall accuracy of 63.8%. Especially 

croplands, coniferous forests, wetlands and water bodies are well classified in ESA, with 

user’s accuracies of 65.6%, 66.1%, 50.9%, and 93.8% and similar producer’s accuracies 

(figure 3). Broadleaved forests are poorly classified in the ESA classification with a user’s 

accuracy of 28.2%. Totally 18.3% of Corine’s broad-leaved forests are classified as 

mixed forests, 17.4% as coniferous forests and 18.1% as grasslands and shrublands 

(figure 3). Moreover, Corine’s mixed forests are mostly (36.5 %) classified as coniferous 

forests in ESA’s classification. 
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Furthermore, grasslands and shrublands, sparsely vegetated areas, bare areas and 

urban areas have great differences between their user’s accuracy and their producer’s 

accuracy - respectively 17.7%, 10.4%, 15.0%, and 5.2%. There is a high commission and 

low omission of sparsely vegetated areas with a producer’s accuracy of 91.6% and a 

user’s accuracy of 8.8%. 

 

Figure 3. Land cover classification by ESA and Corine in a forested area in Central 

Finland. 

 

4.2.3 Central Lapland 

The overall accuracy in this test area is 0.49%. The largest classes in the area are 

coniferous, broad-leaved and mixed forests and wetlands. However, there are some large 

differences in the two datasets between class sizes. The largest differences are between 

wetlands and grasslands with ESA overestimating the area of wetlands and 

underestimating grasslands and shrublands. This leads to the disappearance of small-scale 

variation between forests and wetlands and the classification of grasslands to wetlands 

(figure 4). ESA also overestimates sparsely vegetated area, classifying large areas of 

grasslands as sparsely vegetated. 

 Forest areas in general have been classified decently, with coniferous forest 

having 58% user’s accuracy. Broadleaved and mixed forests have a considerably smaller 

user’s accuracy but they have been mostly mixed with other forest types. However, 

approximately 10–25% of the areas classified as forest by ESA, are in fact wetlands 

according to Corine, so there is also considerable uncertainty between the wetlands and 
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forest areas. The problem of urban areas disappearing in the ESA dataset is also visible 

in this test area, although in a smaller scale as there are few built areas in general. Water 

bodies are well classified with little mixing with other classes. 

 

Figure 4. Land cover classification by ESA and Corine in a wetland-forest area in 

Central Lapland. 

4.2.4 Transitional zone in Northern Lapland 

In general, the area is not well classified with an overall accuracy of 32.8% (figure 5). 

With visual interpretation it can be seen that there are significant errors especially in ESA 

grassland and shrubland classification with high omission of the class. In Corine 

classification the main classes in the area are grassland (37% of the area), broad-leaved 

forest (21%), and wetland (24%) whereas in ESA the main classes are mixed forest 

(33%), wetland (21%) and sparsely vegetated area (15%). The main difference indeed is 

between grassland and shrubland classification (only 6% in ESA) which have been 

classified mostly as mixed forest and sparsely vegetated area by ESA. This results in a 

high commission of mixed forest and sparsely vegetated areas. The mixed forest class is 

the most problematic with a user’s accuracy of only 0.2% but also with a producer’s 

accuracy of only 14.3% (so not only is there a high commission of mixed forest but it also 

doesn’t cover the actual mixed forest areas). The sparsely vegetated class is over-

represented but more accurately placed with a producer’s accuracy of 95% but with 20% 

user’s accuracy. Even the wetlands which cover about the same area and visually seem 

quite well classified have however accuracies of only about 50% (user’s accuracy 54.4% 

and producer’s accuracy of 48.4%). Other forest types (broad-leaved and coniferous) also 
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match in the main uniform areas but are poorly classified elsewhere. Only the water 

bodies are relatively well classified with almost 80% user’s accuracy and 58% producer’s 

accuracy. 

 

Figure 5. Land cover classification by ESA and Corine in Transitional zone in Northern 

Lapland. 

 

4.3 Comparison between ESA’s forest classes and LUKE’s forestry dataset 

The overall accuracy of ESA’s forest classes compared to the area classified as forest by 

Luke was 88.2 %. The forest pixels were slightly better classified than non-forest pixels, 

meaning that there were more incorrectly classified ESA pixels in the non-forest areas 

(15.7% user’s accuracy) than in forested areas (9.5%). While both omission and 

commission errors occurred throughout Finland, there were some spatial differences 

(figure 6). The most problematic area to be classified was northern Lapland. In the 

northernmost Lapland, large areas had been incorrectly classified as forest areas in the 

ESA land cover dataset (commission errors) while smaller areas in Käsivarsi region as 

well as eastern Lapland were incorrectly classified as non-forest areas by ESA. There 

were also smaller clusters of commission errors around big urban areas in southern 

Finland. 
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Figure 6. Classification accuracy of ESA’s forest classes compared with a national 

forestry dataset. 

 

5 Discussion 

National scale comparison 

On the national scale, there are significant errors and problems with the ESA land cover 

classification. Only water bodies are well classified. There are great differences in the 

shares of the classes of the total area which is reflected in the accuracy assessment results. 
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Generally, classes with high omission error have high reliability (user’s accuracy) but low 

producer’s accuracy since they lack data whereas high commission error classes have 

poor reliability but good producer’s accuracy. This is seen e.g. with the classification of 

urban areas which is highly reliable (87% user’s accuracy) but covers only a small portion 

of actual urban areas (6%). There are also problems with the relatively well classified 

coniferous forests and croplands. Especially coniferous forests cover large areas of other 

classes too. Because the class is so large (almost 50% of the whole area in ESA 

classification), its own classification isn’t affected so greatly by the commission error, 

but it weakens the accuracy of other, smaller classes. Croplands have been mixed with 

forest areas which could be because of their usual location alongside forests. This being 

said, it is good to remember that ESA land cover data is originally meant for global use 

and considering that, the results are fairly good. 

Low resolution is one possible reason for low classification accuracy of ESA. In 

Finland, many land cover types occur in small areas and form patchy mosaic type areas 

with other land cover types (for example broad-leaved forests, coniferous forests and 

mixed forest). These areas are thus easily missing from the data altogether.  

Another cause of error is that ESA’s land cover data is produced with automated 

interpretation of satellite images whereas Corine also uses other sources and manual 

interpretation. This means that in Corine also the areas that are harder to recognize from 

a satellite image are still included in the data. Some classes are altogether harder to 

recognize, such as the transitional vegetation in Lapland and are rarely interpreted 

correctly in any land cover datasets (Heiskanen, 2008).  

5.1 Test areas 

5.1.1 Urban areas 

Urban areas are often harder to define since they are a mix of a different surfaces: 

buildings, asphalt, parks and gardens. Especially when using automated interpretations of 

satellite images, urban areas can be hard to define because there is no single surface type 

that distinguishes it from others. ESA’s lower resolution also makes detecting small built 

areas difficult. City centres, however, are built more densely and are thus easier to 

classify. In Corine land cover data, data from the Building and dwelling register and the 
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Finnish land parcel Information system has been used to get more precise information 

about the areas. Also, the line between urban and non-urban environment is a matter of 

definition and thus of choice.  

ESA has classified Corine’s urban areas to many other classes. But many of the 

more open classes are often used for areas classified as urban by Corine. These include 

classes such as croplands, sparsely vegetated areas and bare areas. Urban areas often have 

a lot of green areas which are more open than actual forests and so are more easily 

classified as these more openly vegetated classes. ESA land cover data also mixes up 

coniferous forests and urban areas since in the ESA data almost every class is often 

mistaken for coniferous forest. 

5.1.2 Forest areas 

It’s hard to determine if a forest is uniform or mixed and in case it is uniform, whether 

it’s broadleaved or coniferous forest. This is especially complicated in a low-resolution 

dataset. For example, if the share of coniferous trees surrounding broadleaved forest 

represent more than 75% of the 300 m × 300 m area, the whole area can be classified as 

coniferous forest. This could be an explanation why most of the ESA broad-leaved forests 

are classified as mixed or coniferous forests in the CORINE classification. Moreover, if 

mixed forests, grasslands, shrublands and urbans areas are surrounded by large coniferous 

forests (the coniferous forest representing more than 75% of the 300 m × 300 m area), 

they can also be classified as coniferous forests in the ESA classification. To summarize, 

since the ESA classification has a lower resolution and since the area is mostly covered 

by coniferous forests, almost every class can be wrongfully classified as coniferous 

forests. 

5.1.3 Central Lapland 

ESA land cover classification shows clear problems distinguishing between wetlands and 

other land cover classes in Lapland. This problem has been observed in previous studies 

(Heiskanen 2008; Yang 2017). Wetlands typically contain various vegetational cover 

which makes it easy to classify as forest or shrubland instead of as wetland. Another 

reason for classification errors in wetland areas can be due to the fact that in boreal forests 

wetlands and forests usually exist in a small-scale mosaic which can be difficult to 
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classify correctly in a lower resolution dataset (Sjöberg & Ericson 1997). This patchiness 

of the wetlands, forests and shrublands is clearly visible in the Corine land cover data of 

the test area (figure 4). 

5.1.4 Northern Lapland 

There are significant problems in ESA data with the grassland and shrubland 

classification which can already be seen from the total area shares of the class (table 3). 

The results are in line with previous research confirming grassland/sparsely vegetated 

areas as difficult to classify (Yang 2017). This can be because of the nature of the class 

areas with little (but still some) vegetation and trees can be hard to classify even in person 

and definitions vary. The main reason for grassland and shrubland areas getting classified 

as mixed forest in this case however is possibly partly a result of our own reclassification 

since our mixed forest class of the ESA land cover data includes the classes Mosaic 

natural vegetation (>50%) / cropland (<50%) and Mosaic Tree and shrub (>50%) / 

herbaceous cover (<50%). The test area is also located in a transitional zone which makes 

it quite indented and may easily results in classification errors especially on lower 

resolutions. Indeed, the higher original resolution of the Corine data can be easily seen as 

more scattered map with lots of separated single class pixels whereas the ESA 

classification is more continuous. The scattered nature of the area can also be seen in the 

accuracy results of e.g. wetland class. Even though visually the wetlands seem to be 

relatively well classified in the ESA data, the accuracy percentages are only about 50%. 

This is because the larger main wetland areas are present in both of the classifications but 

the smaller separated areas are left out from the ESA data. This repeats in other classes 

too (water bodies, coniferous forest, broad-leaved forest) and the smallest classes 

(cropland and urban areas) are completely missing from the ESA classification in the 

area. 

5.2 Classification of forest areas 

ESA’s ability to classify forest areas in Finland is generally good, indicating that the ESA 

global land cover classification can be used with decent accuracy when the resolution of 

forest - non-forest areas is enough. This finding is consistent with previous research 

(Heiskanen 2008). The clearest problem areas are in Northern Lapland and some urban 
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areas in southern Finland. Comparison between Corine’s land cover classification and the 

commission errors in ESA’s forest classes indicate that at least in Lapland ESA classifies 

many of the wetland and sparsely vegetated areas as forest. In southern Finland 

commission errors are especially concentrated in urban areas which has already been 

observed with Corine data. Omission errors don’t seem to be clustered as strongly as 

commission errors outside of Lapland. In Lapland omission errors seem to be caused by 

forest areas being classified as shrub lands in the ESA land cover dataset which might 

indicate problems with classifying mountain birch forests as forests, a problem observed 

also in a previous study by Heiskanen (2008). 

5.3 Problems of reclassification 

Reclassification of the two datasets has some problems. Firstly, the two datasets had 

different number of classes, so the number of classes included in the new classification 

wasn’t the same. Class definitions in the two datasets are also different even when the 

classes are quite similarly named. For example, ESA land cover data has a class “sparse 

vegetation” where tree, shrub and herbaceous cover consist of under 15% of the area. In 

Corine land cover data sparsely vegetated area is defined as area with canopy cover under 

10% and vegetation cover under 50%. Furthermore, some of the classes partially matched 

two other classes in the other dataset but combining all of them wasn’t possible. 

Many of the classes didn’t have any matching class definitions. These include for 

example three different vegetation mosaic classes in ESA. This meant that we had to 

combine some classes that didn’t match that well, but which could not be combined with 

any other classes either. 

There was also very little information available about the actual class definitions 

for the ESA dataset. Some definitions were included in the class names, but more precise 

definitions were hard to find. In comparison, Corine has quite good documentation for its 

classes but is still missing some information for example on how urban areas are defined. 

Because of these missing definitions we had to include some original classes to a new 

class that probably doesn’t correspond that well with the original class definition. 

5.4 Problems with resolution 

Comparing raster datasets with different resolutions is always problematic. In this case, 
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we had three datasets with very different resolution. The finer resolution datasets had to 

be resized and resampled to match ESA’s resolution of 300 metres. This means that some 

of the data is lost, since the new cell can only have one class value. We chose to use 

majority option for the new class value since it gives the new cell a value that most of the 

original cells had. It gives good results when the class areas are large and continuous, but 

when the areas are really small and patchy the new class value can be rather 

unrepresentative. 

5.5 Using ESA land cover data 

Due to the problems in ESA’s classification accuracy, using ESA global land cover data 

should be carefully considered. For studying only areas inside Finland and for the need 

of precise results, it would be advisable to use national, finer resolution datasets. Lapland 

with its transitional and sparse vegetation is especially an area where using the ESA 

dataset is not advisable. ESA might also not be suitable for research concentrating on 

some of the smaller land cover classes such as urban areas and shrublands. However, ESA 

does have a decent accuracy for global or continental usage so when a low resolution is 

enough or smaller resolution datasets are not available for larger areas, ESA dataset can 

be useful. 

5.6 Future Research 

The next thing to study in this topic could be to examine the spatiality of the errors. We 

have noted here that the omission and commission errors of forest data are concentrated 

to Lapland, but it could be studied where the other errors cluster if they cluster at all. This 

research could also be repeated with a new reclassification to see how much it has 

influenced the results. 

6 Conclusions 

The accuracies of the classes vary highly. Overall accuracy is quite poor between ESA 

and CORINE land cover datasets, but for some classes the accuracy is much better. 

Comparison of forest areas between Luke (Natural Resources Institute Finland) and ESA 

data gives much better results and the accuracy is quite good. The comparison of these 

Karvonen, V., Ribard, C., Sädekoski, N., Tyystjärvi, V. & Muukkonen, P. (2018). Comparing ESA 

land cover data with higher resolution national datasets. In Tyystjärvi, V. & Muukkonen, P. (Eds.): 

Creating, managing, and analysing geospatial data and databases in geographical themes, 26−45. 

Helsinki: University of Helsinki, Faculty of Science. Department of Geosciences and Geography C14.



 

 45 

datasets has some problems but in spite of those we would recommend using Corine over 

ESA land cover data when possible. The results were still decent for a global dataset and 

in the future with improved ESA land cover data, it may very well be suitable even for 

national level use. 
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Abstract 

Our project was to gather a species database from 4 different portals. Portals and 

their usage are introduced in general. The gathered database features 400 species 

and 3 723 664 observations of species. We further discuss the background of the 

study and our report also features potential future usage for the database. For 

example, forecasting climate change's effect on species distribution is modelled 

and visualised. The database has information about coordinates, accuracy and time 

in which the observations were made. Also, the source portal is provided. Our 

discussion concludes that the gathering process was made properly but there is 

always possibility of errors. Also, the observations might have errors which we 

cannot fully estimate. For example, species identification can be difficult even for 

professionals who provide the information for the portals. In addition, portals only 

have information about the current state of species distribution but a lot could be 

acquired by having absence information of the species. 

Keywords: arctic amplification; arctic tree line; climate change; geography; GIS; 

global warming; northern boreal species; northern hemisphere; vascular species 
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1 Introduction 

In general, the northern boreal vascular species are a favourable modelling target. In the 

function of the ecosystem and in the construction of the arctic and alpine nature, plants 

are the fundamental operators in any phenomena, for instance considering the soil and 

the carbon circulation. With adequate species distribution data, it is possible to explore 

which attributes are significant in causing changes in different distributions.  

Through proper vegetation data, predictions of probable developments in the 

future climatic conditions can be made – for example, what is the situation after fifteen 

years when southern species are possibly moving northerly? Between various climate 

scenarios, there´s a wide estimated range of probable mean temperature rise of 2 °C to 

even 5 °C. For the apparent uncertainty, it is essential to thoroughly know the 

sophisticated system to be able to prepare for the different scenarios.  

The global norm tells that global warming and climate change will cause the 

temperature to rise 6 °C to 7 °C along each vertical kilometre at the topographic transition, 

depending on the specific conditions, for example the proximity of sea. More deeply, the 

climate in mountainous regions is proposed to be controlled by four principal factors, i.e. 

altitude, latitude, continentality, and topography (Wang et al. 2015). Elevation-dependent 

warming in high-elevation regions and Arctic amplification are currently widely 

researched; altitude and latitude are major factors in determining the geographical pattern 

of temperature change, latitude being the dominant factor of Arctic amplification (Wang 

et al. 2015).  

The most pessimistic scenarios promise even voluminous changes for high-

altitude areas, i.e. mountains and fjells. Both mountainous and arctic regions have already 

been observed to undergo intensive and prompt climatic warming. The Scandinavian 

mountain range is applied to the both attributes. Warming of the world’s high-elevation 

stations rising from 500 meters above the sea level is clearly stronger than at lower 

elevated areas, and it consists not only of altitudinal amplification but also of latitudinal 

amplification (Wang et al. 2015). Thus, the change is strong at high altitudes and in areas 

reaching the North Pole around the globe and across the entire Northern Hemisphere. 

However, the speed of the amplification isn´t yet definitive (Wang et al. 2015).  
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Wang et al. (2015) have also found that the rate of warming for high elevations 

(over 500 m above sea level) has been approximately 1.24 times faster than for low 

elevations during years 1961–2010, and the rate of warming for high latitudes (north of 

60 °N) is about 1.49 times faster than for low latitudes during the same time period. Even 

more intensively, systematic increases in altitudinal warming rates have occurred during 

the period of 1976–2010, of which altitudinal amplification rate is 1.46 times the rate of 

1961–2010.  

Still, at high altitude levels, there is plenty of space for plants to naturally 

withdraw in case of dramatic climate warming. Indeed, moderate scenarios don´t consider 

the change excessively radical since at least mountains have the capability to buffer the 

change in the mentioned means. The situation is different in the Arctic plateaus of Siberia; 

plants have a limited space for withdrawal before the Arctic Ocean. Withdrawal and 

evolution occur simultaneously; even populations that are able to migrate to areas similar 

to their current habitat would also likely experience novel selection pressures due to 

altered biotic interactions (Moran & Alexander 2014).    

During the last two decades, predictive modelling of species distribution has 

developed to become an essential tool for addressing various issues in ecology, 

biogeography, evolution, conservation biology, and climate change research (Guisan & 

Thuiller 2005). The contributions of SDM (species distribution modelling) in plant 

habitat conservation include the eight following steps: 1) identifying a problem, 2) 

defining the objectives, 3) evaluating the consequences of alternative actions, 4) assessing 

the trade-offs between benefits and costs of actions, 5) assessing and dealing with 

uncertainty, 6) managing biological invasions, 7) identifying and protecting critical 

habitats, 8) reserve selection, and 9) translocation (Guisan et al. 2013).  

SDM usually focus on environmental predictors. Various processes affect the 

absence and reduced abundance of plant habitats but it´s difficult to define whether that 

is due to competition or due to an unidentified environmental variable (Austin 2002). One 

challenge in using SDM is how to precisely forecast impact of global change in species 

distribution (Guisan & Thuiller 2005). In the case of our study, the variable is expected 

to be the climate change, especially the altitudinal and latitudinal warming change rates. 

Evolution is proved to be an important component of species´ response to diverse agents 

of global change: the pace of anthropogenic change, in this case the rapid climate change, 
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is likely to limit species´ ecological response, i.e. migration to areas that are climatically 

more suitable (Moran & Alexander 2014). 

To summarize, above mentioned species response analyses and species 

distribution modelling require proper and comprehensive species distribution data. 

Therefore, our research task was to collect a database holding occurrence records of 400 

vascular plant species below the northern hemisphere Arctic tree line in three 

Fennoscandian countries: Finland, Sweden and Norway. 

2 Material and methods 

2.1 Data sources 

To collect a database of vascular plant species in Fennoscandia, we used multiple source 

materials. We explored four online data sources by examining the occurrences of each 

variety in the time-period of 1990–2018. The data sources are:  

• Finland (https://laji.fi/observation/map) 
• Sweden (https://www.artportalen.se/ViewSighting/SearchSighting)  
• Norway (https://artskart.artsdatabanken.no) 
• Global Biodiversity Information Facility (GBIF) (https://www.gbif.org/) 

The first source was the "Finnish Biodiversity Information Facility". This platform 

compiles observation data from several Finnish databases. The observations are gathered 

from amateurs, scientists and from the government. The platform is open source. 

The Swedish data source was Artportalen. This portal is also an open system 

where the sightings are reported by users. To further guarantee the quality of the recorded 

data, certain selected sightings are subject to evaluation by members of NGOs or experts. 

The Norwegian data source was Artskart. This open source platform contains 

information and data on biodiversity from natural history museums, research institutions, 

environmental agencies and professional and amateur biologists. 

Lastly, we used GBIF which is an international network and research 

infrastructure funded by the world’s governments. Data derives from many sources, 

including museum specimens or photos shared by amateur naturalists. 
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2.2 Downloading data 

Before each download, we selected 3 criteria: we focused on data from 1990 to 2018, on 

observations with location accuracy of at least 100 meters and on plants located in 

Sweden, Finland, and Norway. The selection of those criterion can be seen in the figures 

1, 2, and 3. The gathered data were stored separately in csv-format, then combined into a 

single database and finally evaluated and analysed in the R-program. 

The complex nomenclature of plant species has been a challenge since some plant 

species have various names and two different species may even have a same name in 

Latin. The nomenclature varies according to time and space, even inside a country. The 

problem emerges from the ambiguous plant nomenclature which results from the fact that 

in the case of plant species, there is no hierarchy in the nature but rather an evolutional 

drifting between species. To help with this, GBIF offers a list of synonym choices for a 

researcher.  

Additionally, it is a question of opinion whether we are sometimes talking about 

a separate species or a subspecies. For example, since the last ice age two species included 

in our database have divided into separate units, but it is still uncertain if they are clear 

separate, i.e. species. To solve confusions, there are EU-level projects underway to 

harmonize the nomenclature; for example EUNIS habitat classification system (European 

Environment Agency 2018). For the above-mentioned reasons and because of the 

massive number of species, the conclusion might take place in the far future. After all, 

vascular plant species are rather convenient to research since they stay put, unlike 

mammals. 
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Figure 1. Finnish web portal criterion interface Laji.fi (https://laji.fi/observation/map). 

 

 
Figure 2. Swedish web portal criterion interface Artportalen 
(https://www.artportalen.se/ViewSighting/SearchSighting). 
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Figure 3. Norwegian web portal criterion interface Artsdatabanken 
(https://artskart.artsdatabanken.no). 

Downloading the data was quite time consuming as all of the portals worked a 

little differently. In most cases it was possible to download the data straight from the 

website but in the Finnish portal a downloading link was sent separately via email. There 

were also some limitations in the size of the datasets that could be downloaded. The most 

extreme one was the Swedish Artportal where observations of only one species could be 

exported at a time and the data set had to be broken into smaller units of 2000 sightings 

(figure 4). 

 

 
Figure 4.  Units divisions on Swedish data web portal. 
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2.3 Combining data 

Data from four different portals were combined using R Studio. First, the data was 

cleaned so that only the columns containing information about the name of the species, 

year of observations, coordinates, and location accuracies were saved. The columns were 

named "name", "year", "y", "x", and "accur", respectively for all of the datasets. The 

data was also run through some filters in R to make sure there were no other observations 

in the dataset. The filters made sure there were no observations before 1990 or with 

location accuracies poorer than 100 meters.  

The x- and y-data of Swedish observations were converted from the Swedish 

coordinate reference system to WGS 84. After all the four datasets were uniform, they 

were combined into one big dataset. After removing duplicate rows, the number of 

observations was 3 723 664 observations of 858 different vascular plant species 

(including subspecies).  

3 Results and discussion 

Our database contains six different columns which give us information about the species 

name, the year of the observation, coordinates, accuracy of the observation, and the portal 

from which the observation was acquired (table 1). Total number of species was higher 

than our target number of 400 because we also included subspecies in the downloaded 

datasets.  Highest number of observations was gathered from the GBIF portal and the 

lowest number from the Finnish portal (figure 5). The size of the csv-file containing all 

observations was 217 megabytes. 

Table 1. An example observation of the species Juncus filiformis, which was made on 
2017 and indicated that the spatial accuracy is 1 meter, and the origin of the observation 
is the Finnish database portal Lajit.fi. 

name year y x accur portal 

Juncus filiformis 2017 60.2963 22.4005 1 FIN 
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Figure 5. Describing the number of observations in each portal and the number of 
duplicates. 

Figure 6. Describing the distribution of Juncus filiformis in the study area. Yellow spots 
indicate the species observations and background colour the mean temperature of the 
warmest month.  

The database has multiple functions. Datasets describing temperature, 

precipitation and other environmental variables can be combined with it. This is possible 

by linking mentioned variables and the database’s coordinate data. Combining these 

allows us to examine the connections between environmental variables and the species 

distribution. Through this we can estimate the connection between climate data and the 

species distribution. Figure 6 shows the distribution of Juncus filiformis as well as the 
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mean highest temperature in the warmest month. Figure 7 describes the modelled 

likelihood of the species to occur. The model was made using current precipitation and 

minimum and maximum temperatures of the warmest and coldest month. Models also 

used combined generalized linear model, generalized additive model, and random forest 

-modelling tools together to make these maps.  

When comparing figures 6 and 7, we can see the existing connection between our 

database observations and the likelihood of the species to occur.  Our interest was to also 

see how climate change could affect the species distribution in our study area. Figure 8 

was made using an optimistic climate change scenario for 2070 which shows that the 

distribution of Juncus filiformis moves further north. It is important to mention that there 

are more variables affecting the distribution of species than considered in this study. 

Therefore, the map cannot be used to make conclusions about the future distribution of 

Juncus filiformis. Our intention was to introduce possibilities which this dataset provides 

for modelling purposes.  

Figure 7. Describing the modelled distribution of Juncus filiformis in the study area. 
Proportion is the predicted likelihood of the species occurrence. Model was made using 
current precipitation and minimum and maximum temperature of the warmest and 
coldest month. 
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Figure 8. Describing how optimistic climate change model’s prediction would affect the 

likelihood of the distribution ofJuncus filifatus. 

4 Conclusions 

Our data was gathered in a structured manner. However, there is always possibility for 

human error in this sort of task. We are confident that our database consists of the wanted 

species observations. Interfaces of the websites were different from each other as well as 

the speed of downloading. Still all the portals were user friendly and accessible for public 

as well. 

Problems with the dataset quality in the download portals are of course possible 

but these are difficult to predict or estimate. For example, GBIF’s contributors can also 

be amateurs which can increase the risk of inaccurate observations. Also, the observation 

accuracy gives quite a vast radius for the observations. Species identification can be 

difficult, for example some of the species' subspecies remind each other which might 

produce false positives. Also, the data was only provided in the form of presences, but 

much information could be gained from absence data as well. This database of 

observations of Scandinavian vascular species will be used in ecological analyses that try 

to estimate vegetation responses to changing growing conditions. 
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Abstract 

The goal of our study was to collect various GIS data from Taita Taveta County, 

Kenya, and share it with the Taita Taveta County’s GIS experts in order to help 

develop local GIS infrastructure. For this purpose, we built a geodatabase in 

ArcMap consisting of various data about natural and human environment. The 

datasets are divided in the geodatabase into feature datasets and raster catalogs. In 

total, the geodatabase consists of 13 raster catalogs containing 134 raster layers, 

and 10 feature datasets containing 93 vector layers, collected from different data 

providers. Most of our materials are acquired from multiple open online sources, 

e.g. ArcGIS Online, OpenStreetMap, and World Resources Institute, but we also 

created some new GIS data based on statistics tables from Kenya National Bureau 

of Statistics publication. Before adding the datasets to the geodatabase, they were 

unified as much as possible. Finally, the complete geodatabase was compressed 

and shared with the Taita Taveta County’s people via Earth Change Observation 

Laboratory (ECHOLAB) research group, Department of Geosciences and 

Geography, University of Helsinki, who coordinates the TAITAGIS research 

project.  

Keywords: geodatabase; GIS; Kenya; Taita Taveta County



Kaistinen, H., Kivikko, T., Marttunen, E., Potinkara, M., Muukkonen, P. & Siljander, M. (2018). Taita 
Taveta geodatabase. In Tyystjärvi, V. & Muukkonen, P. (Eds.): Creating, managing, and analysing 
geospatial data and databases in geographical themes, 58−80. Helsinki: University of Helsinki, Faculty 
of Science. Department of Geosciences and Geography C14. 

 
 59 

1 Introduction 

1.1 Background of this study 

Our goal was to develop Taita Taveta Geodatabase by searching open GIS and remote 

sensing datasets from the web and build a GIS database. This helps to develop GIS 

infrastructure in Taita Taveta County, Kenya. Since the University of Helsinki has a 

multidisciplinary research station in the Taita Hills, there is already plenty of data from 

the hills area but less so from the whole county. 

We executed our work mainly by searching for available and free datasets online 

that cover Taita Taveta County. All the necessary steps to get this data to our geodatabase 

we achieved by using ArcGIS Desktop 10.3. Some data was first edited in Microsoft 

Excel. Our geodatabase includes datasets about both physical and human geography of 

Taita Taveta County. Datasets of physical geography include for example the area's 

geology, climate, digital surface model, and land cover. Datasets of human geography 

include for example the area's land use, roads, and health facilities. We downloaded the 

data from multiple sources, e.g. from World Resources Institute, European Space 

Agency, and OpenStreetMap. We used WGS 1984 UTM Zone 37S projection in all our 

final datasets in the geodatabase. In this article, we will go through the data we have 

included to our geodatabase and how the data have been processed. 

1.2 Taita Taveta County 

Our database is spatially focused on the Taita Taveta County, located in the southern part 

of Kenya (figure 1). In 2009, Taita Taveta County’s total population was 284 657 

according to the Kenya National Bureau of Statistics (2009). Taita Taveta is a sparsely 

populated county. Its total land area is 17 084.4 km2 and the population density of the 

county is only 17 people per km2. The biggest city is Voi with a population of 

approximately 60 000. Taita Hills rise from the level of 600–900 meters above sea level 

to 2208 meters (Wuria Peak). On the foothills and plains, extensive agriculture and 

grazing dominate land use. In Taita Hills, intensive agriculture is typical. 
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Figure 1. The location of Taita Taveta County. 

Taita Taveta has many different ecological regions, mainly because there are 

several different climatic conditions in the area (Taita Research Station of University of 

Helsinki 2018). The county also has large protected areas (62% of the total land area). 

The vegetation is mostly shrubland, grassland, and sparse vegetation. The indigenous 

cloud forests of Taita Hills have suffered from degradation and are highly important to 

be conserved. According to Tsavo Conservation Group (2016), Taita Taveta County is 

home to a lot of wildlife, the Taita Hills being the diversity hotspot of the area. However, 

Ogutu et al. (2016) have found that the wildlife population is relatively resilient in 

comparison to the rest of Kenya, where even significant wildlife losses have been 

documented. 
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2 Geodatabase in general 

According to the ArcGIS Resource Center (2012), an ArcGIS geodatabase is a collection 

of geographic datasets of different types, housed in a common file system folder, such as 

Microsoft Access database or a multiuser relational database management system 

(DBMS). Geodatabases vary in sizes and user count, as they can be built for the purposes 

of a single user or an entire enterprise or municipality.  

Geodatabase was originally introduced in ArcInfo 8 in 1999. According to Zeiler 

(1999), it is object-oriented in that it can represent natural relationships and behaviors of 

the features in datasets. Similarly, to other geographic data models, it enables map 

display, query, editing, and analysis through a set of data objects. The purpose of the 

geodatabase data model design was to make GIS dataset features smarter through 

enhancing their behavior and interactions with one another. Geodatabases are practical 

when analyzing data in a versatile area with a lot of biodiversity but also human activity 

competing with it. According to Platts et al. (2015), Taita Taveta County is a good 

example of this kind of an area. Geodatabases can store a lot of spatial data in many 

components and features. According to Zeiler (1999), they can also specify general and 

arbitrary relationships between objects and features, and with geodatabases we can also 

find correlations and explore them. 

As stated by Zeiler (1999), geodatabase can include vector and raster data, 

triangulated irregular networks (TINs), addresses, and locators. Accurate data with 

specific shapes (such as roads and borders – both political and natural borders) is often 

most appropriate to view as vectors. Spatially varying numerical values, such as moisture, 

temperature and population density are most appropriate to store into a grid and then 

create a raster map. Figure 2 illustrates the components of a geodatabase in its most basic 

form. Yet, vector layers are in a geodatabase in feature datasets, which consist of feature 

classes, metadata, object classes, and relationship classes (figure 3). 
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Figure 2. Basic contents of a geodatabase (ESRI 2018a). 

 

Figure 3. Structure of a feature dataset (Aaby et al. 2004).  
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According to ESRI (2017), imagery and other raster data in a geodatabase 

compose a raster dataset. It is the most basic model of raster data storage. More complex 

mosaic datasets and raster catalogs are built of raster datasets. Our raster data is housed 

in raster catalogs. Raster catalog is a collection of raster datasets formatted into a table. 

Each record represents an individual dataset. A raster catalog is commonly used to display 

neighboring or fully or partly overlapping raster datasets. Contents of raster catalogs can 

be previewed in ArcCatalog. 

According to Zeiler (1999), the benefits of working with a geodatabase include 

the ability to store all your geographic data into a single centrally managed database and 

more accurate and efficient data entry and editing. Additionally, data objects in a properly 

designed geodatabase correspond to the user's model of data, the features are dynamic 

and easily modified, they have a richer context due to the overlaying datasets and sets of 

features are continuous. All in all, the maps produced via a geodatabase are better, since 

the user has more control over how the maps are drawn and highly specialized drawing 

methods can be applied by writing software code. Its framework warrants the creation of 

intelligent features that mimic the interactions and behaviors of real-world objects. The 

geodatabase data model also enables simultaneous edits by multiple people. 

There are three types of geodatabases according to ESRI (2018b). File 

geodatabase holds a collection of files stored in a folder on a computer's disk.  File 

geodatabase can manage both spatial and non-spatial data. Table or a feature class stored 

in it can be up to 1 TB in size, but it can be increased up to 256 TB for larger datasets, 

which is usually raster data. Typically, only a single person uses and reads the file 

geodatabase at a time. In personal geodatabases, all datasets are stored within a Microsoft 

Access data file, and the file size can be only up to 2 GB. Personal databases also work 

best for single users. Enterprise/multiuser geodatabases can be much larger in size as they 

utilize relational databases, such as Oracle, for data storage. There can be multiple users 

editing and reading the database. 

According to ESRI (2016), all file geodatabase's vector feature classes and tables 

can be compressed to a read-only format to minimize storage requirements. Performing 

display and query functions is not altered by compression, and it often improves some 

operations while slowing down others. A compression can be performed either as a 

lossless or a lossy compression. A lossless compression preserves all the data in the 

geodatabase, while a lossy compression may change floating point values, but allows 



Kaistinen, H., Kivikko, T., Marttunen, E., Potinkara, M., Muukkonen, P. & Siljander, M. (2018). Taita 
Taveta geodatabase. In Tyystjärvi, V. & Muukkonen, P. (Eds.): Creating, managing, and analysing 
geospatial data and databases in geographical themes, 58−80. Helsinki: University of Helsinki, Faculty 
of Science. Department of Geosciences and Geography C14. 

 
 64 

more efficient compression. Compression is ideally suited to well-prepared datasets that 

do not require further editing as compression makes them noneditable. However, a 

compressed dataset can always be decompressed to carry out further edits. Our 

geodatabase was compressed since it had to be delivered to our Taita Taveta contacts in 

a form that is space-efficient, but in the future it can be decompressed to be processed 

further. 

3 Material and data sources 

3.1 European Space Agency (ESA) 

According to UCL - Geomatics (2015), the European Space Agency's (ESA) Climate 

Change Initiative (CCI) project has produced global land cover maps at 300 m spatial 

resolution on an annual basis between years 1992 and 2015. The main reason for the 

project was the importance of land use as a variable in climate modeling. The 

classification of the land cover maps has been designed to maximize the benefits of the 

information they serve in their global nature (figure 4). It was defined using the Land 

Cover Classification System (LCCS) developed by the United Nations’ Food and 

Agriculture Organization. The classification consists of 22 land cover classes. The land 

cover maps were originally produced in a geographic coordinate system (GCS) based on 

the World Geodetic System 84 (WGS84) reference ellipsoid. 

We downloaded the data from the ESA website (ESA 2018). The polygons were 

clipped with an outline of Taita Taveta from ArcGIS online (47 Counties of Kenya by 

user dmuthami) after which they were converted from raster to polygons, according to 

the instructions. We also added an area field in the attribute table and counted the area of 

each polygon using the attribute table’s 'calculate geometry' tool. We classified each layer 

according to the ESA classifications, but the classifications did not transfer when the 

layers were added to the geodatabase. However, instructions for the classification of the 

data according to the GRIDCODE field are included in the metadata for each layer. The 

layers can be used to research the change in land use in Taita Taveta County and how it 

affects the locals, agriculture and weather conditions in the area. Figure 4 illustrates one 

of our land cover maps with classifications. 
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Figure 4. Land cover in Taita Taveta County in 2015. 

3.2 AFRICLIM 

According to KITE Resources (2018), AFRICLIM 3.0 provides high-resolution ensemble 

climate projections of Africa by York Institute for Tropical Ecosystems. For baseline we 

chose the WorldClim v1.4 version, as its grid had the best spatial resolution (30 arc 

seconds, meaning 928 meters) available and similarly in the projections as well. 

According to Platts et al. (2015), high spatial resolution is important for many 

applications in ecology. 

With the future climate projections (AFRICLIM ENSEMBLES 3.0), there were 

two choices regarding emission pathways, RCP4.5 and RCP8.5, both from the IPCC's 

fourth assessment report. The IPCC has developed a set of scenarios which examine how 

the future might unfold regarding produced emissions and their consequences. We chose 

to include the RCP4.5, which is the second lowest emission pathway and projects 

temperature anomalies of 2.4 °C above pre-industrial levels by 2100. The projections are 

provided for the middle and late 21st century. We included the middle 21st century 

projection (2041–2070) to our database. Maximum, mean and minimum values are 
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available but we included only the mean values. The documentation of the AFRICLIM is 

available at: 

https://webfiles.york.ac.uk/KITE/AfriClim/GeoTIFF_30s/africlim_ensemble_v3_world

clim/rcp45/2055/AFRICLIM%203.0%20README.txt 

In short, both the baseline files and the projection files include the same raster layers. 

Table 1 shows the contents in more detail. 

 

Table 1. The AFRICLIM baseline and projection raster included in our geodatabase. 

 

 

We acquired the data also from the University of York’s File Library (University 

of York 2018). The data is also available by country, but we downloaded the datasets 

covering the whole Africa, which was a bit slower process. The rasters were clipped in 

ArcGIS by using another Taita Taveta County polygon acquired from ArcGIS Online 
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(but we did not document where this polygon is from), and it was already in the same 

coordinate system as the AFRICLIM rasters (WGS 1984). When clipping, ‘Maintain 

clipping extent’ box was not checked, so the clipped rasters are quadrangles, rather than 

the shape of the Taita Taveta County –polygon. This way also the area near Taita Taveta 

County can be examined, too. After clipping, we re-projected the rasters to WGS 1984 

UTM Zone 37S. Resampling technique was nearest. Nearest performs nearest neighbor 

assignment for interpolation. Due to re-projection, some of the rasters’ edge cells have 

been given values of 0. This changes the minimum values of those layers, and the zero 

values in the edges should be taken into consideration when using these re-projected 

rasters. For the most part, however, the values in the AFRICLIM rasters should be 

accurate. 

3.3 Mining & KCDP HMP Projects (ArcGIS Online) 

KCDP HMP projects map was downloaded from ArcGIS Online. It is created by a user 

named Hazina Maendeleo Pwani. The Kenya Coastal Development Project (KCDP) is a 

multi-sectoral development initiative financed by the World Bank and Global 

Environmental Facility (KCDP, 2018). HMP is a fund whose goal is to enhance natural 

resource conservation and provision of community services and social well-being of 

coastal areas. The map presents all implemented projects in Taita Taveta County. The 

map has seven different layers which include Taita Taveta projects implementation, 

Implemented Projects and Proposals Under Development. In addition, it has four 

basemap layers including different borders and a topographic map. Each point, 

representing one project, had a lot of different information about it. There were accurate 

descriptions about the project, contact information and even links to pictures about the 

project in Google Drive. We only had to re-project the map to WGS 1984 UTM Zone 

37S projection in ArcGIS. 

A dataset called as The Mining in Taita Taveta was created by Francis Gitau. It 

includes layers of mines, roads, railways, airstrips, wetlands, rivers, rangelands and 

elephant sightings in Taita Taveta. The dataset was created in ArcGIS Online in 

December 2015 but it does not include further information on the time of data collection, 

though that information would be valuable mostly if one wanted to use the data on 

elephant sightings. 
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3.4 Geological GIS data 

The geology map of Taita Taveta Hills was downloaded from ArcGIS Online, and was 

made by user kodipublisher. It already contained 1000 polygons but needed digitizing to 

become usable.  The original map used for making this map was made in the 1975 by A. 

Horkel, R.E.A. Okello, W. Pohl and J.K. Wachira as part of an Austromineral Kenya-

Austria mineral exploration project. Cartography of the map is made by L. Leitner. 

In addition to digitizing missing polygons, we noticed that the original polygons 

had some topology errors that needed fixing. Mainly the errors were sliver polygons, so 

relocating of some nodes was enough to fix them. There were also two polygons in the 

south-eastern corner of the geology map (OBJECTID = 695 and 697) which did not have 

anything in the Full Name or GeoSurveyC columns, perhaps since there is no explanation 

for their coloring in the original geological map’s legend. Thus, we gave these polygons 

None -values in those two columns. The attribute table also had columns for the polygons’ 

areas (Shape_Are) and lengths (Shape_Len). We calculated these values again to update 

the original polygons’ values and to also calculate these values for the new polygons. We 

also updated the OBJECTID -column to have a running value from 1 onwards. The 

numbers in the completely digitized geology map go up to 1165, which is the total number 

of the polygons in the map as well. The completed map can be seen in the figure 5. 

The original digitized geology map contained some mistakes which originated 

either from the original digitizer’s work or from the projection transformation. We were 

able to move some of the smaller polygons to their correct places (based on the image of 

the geological map), but correcting the bigger polygons adjoined to other polygons would 

have required too much time. Figure 6 shows what these mistakes are mostly like. The 

polygons are mainly around 20 meters towards north from where they should be 

according to the image of the geological map. We believe the map to be already useful, 

but correcting these mistakes is something that can be done to further improve it. Columns 

for the shape areas and lengths should be updated after these edits, though. 
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Figure 5. Geological map of the Taita Hills. 

 

Figure 6. Map digitization has a risk to many different mistakes. This figure shows what 
the mistakes are mostly like. 
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3.5 Digital Surface Model © JAXA 

Our Taita Taveta County's digital surface model (figure 7) was clipped from Global 

Digital Surface Model which is produced by The Japan Aerospace Exploration Agency 

(JAXA). JAXA releases the global digital surface model dataset with a horizontal 

resolution of approximately 30-meter mesh free of charge. The dataset is created based 

on the images acquired by the Advanced Land Observing Satellite (ALOS) 'DAICHI' 

(JAXA 2018). We downloaded six different raster layers which included three different 

layers of both average and median data. The three different layers were the DSM which 

is the data of height above sea level, signed 16bit GeoTIF, Mask (MSK) information file 

(8bit GeoTIFF) and stacked (STK) number file (8bit GeoTIFF, DN=number of stacking). 

The file was packed to gz. -format so we had to extract it two times before opening it in 

ArcGIS. 

 

 

Figure 7. Overlook of the digital surface model of Taita Taveta County (© JAXA). 
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3.6 OpenStreetMap 

OpenStreetMap is a collaborative project to create and distribute free geographic data for 

the world. The data of OpenStreetMap is created and shared by volunteers. 

OpenStreetMap (OSM) was founded in 2004 by Steve Coast. The data in OSM is free to 

use for any purposes but the credits should be mentioned. It is possible to download 

geographical content such as streets and buildings from the service. The map coverage is 

being improved rapidly by voluntary users and in many areas of the world OSM data is 

comparable to official data, or even more accurate.  Because OpenStreetMap is an open 

project and anybody can update its data, the amount of information about every 

observation varies inside the same layer depending on how precise the editor has been. 

We downloaded our data from Geofabrik's free download service (Geofabrik 

2018) where you can choose the country from which you want to download the data. In 

our case, we chose the countrywide data from Kenya. The dataset had 13 different layers. 

The dataset had all three possible vector layer types: point, polygon and line features. 

Line features included railways, roads and waterways. Point features included natural and 

places. Polygon features included buildings, land use, places of worship, infrastructure, 

border, traffic, transport, and water. 

3.7 World Resources Institute: Kenya GIS data 

World Resources Institute (WRI) is a global research organization that spans more than 

50 countries. The mission of WRI, according to WRI homepage (2018), is to sustain 

natural resources which are the foundation of economic opportunity and human well-

being. Its work focuses on six critical issues at the intersection of environment and 

development: climate, energy, food, forests, water, and cities and transport. WRI 

produces and offers free GIS data and maps. We downloaded seven different data layers 

from Kenya GIS data. There was more data available but limited time forced us to try to 

choose the most relevant layers. In total, we downloaded nine datasets from WRI to our 

geodatabase. Eight of those were polygon feature layers: agriculture, annual rainfall, crop 

intensity, crop size, forest types, tree cover percentage, protected areas, and range land. 

There was also a point feature layer describing tourist accommodations. 
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3.8 Kenya National Bureau of Statistics (KNBS) exploring Kenya's inequality 

Kenya National Bureau of Statistics (KNBS) and Society for International Development 

have published book series ‘Exploring Kenya’s Inequality: Pulling Apart or Pulling 

Together?’. They have been funded by the Embassy of Denmark. The goal of these 

publications is to present facts about various indicators of inequality in Kenya. They have 

statistics from different areas in Kenya where you can see how the wealth varies spatially. 

The publication presents expenditure patterns of groups and other important livelihood 

parameters like employment, education, energy, housing, water and sanitation at the 

national, county, constituency and ward levels. Part of these series is a review about Taita 

Taveta County. The key point of the publication is that inequalities within counties in all 

the variables are extreme. Many of the Kenyans living within a single county have 

completely different lifestyles. 

 

 

Figure 8. Unemployment by digitized wards of Taita Taveta County according to 
KNBS. 
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We wanted to create shapefiles about the publication's statistics by counties and 

wards to show the differences in variables spatially (figure 8). First, we converted the pdf 

-file into xml -file and created working xml sheets for different variables in Excel. Then 

we joined those sheets to subcounty and ward shapefiles on ArcMap based on the 

subcounties' IDs. Joining xml file to wards was a more difficult task because we couldn’t 

find any free file which would have had wards on the same shape as in the KNBS 

publication. There were many maps where there was a division to smaller units than sub-

counties which looked like the wards but none of them was applicable and we couldn’t 

join the statistics to them. We drew the wards according to the map in the publication 

using ArcMap's Editor. After that we gave them basic information like names and ID 

numbers and then we were able to join the xml -files to them. 

3.9 Soil data 

International Livestock Research Institute (ILRI) has collected spatial data which is 

available to download from the GIS services database on their website 

(http://192.156.137.110/gis/). Most of it is related to livestock. The properties of Kenya 

Soils data that we downloaded contains many physical and chemical properties of Kenyan 

soils such as texture, the depth of consolidated bedrock, surface drainage, PH, etc. The 

data was originally created by the Kenya soil survey in 1982 and later revised (ILRI, 

2007a). The soil areas are shown as polygons which have multiple values describing the 

soil. 

3.10 Health facilities 

Kenya Health Facilities data was also downloaded from the ILRI website 

(http://192.156.137.110/gis/). The data shows health service providers in Kenya, 

categorized by type and supporting agency. The data is compiled by Kenya Medical 

Research Institute, Welcome Trust collaborative group, TALA research group, 

Department of Zoology in the University of Oxford, Ministry of Health and Centre for 

Tropical Medicine. The health facilities are shown as point features and their type can be 

seen in the attribute table. The locations of all the health facilities were originally 

compiled using a combination of different methods. According to ILRI (2007b), the 

motivation behind the project was to develop a framework for equitable and effective 



Kaistinen, H., Kivikko, T., Marttunen, E., Potinkara, M., Muukkonen, P. & Siljander, M. (2018). Taita 
Taveta geodatabase. In Tyystjärvi, V. & Muukkonen, P. (Eds.): Creating, managing, and analysing 
geospatial data and databases in geographical themes, 58−80. Helsinki: University of Helsinki, Faculty 
of Science. Department of Geosciences and Geography C14. 

 
 74 

resource allocation for health based on the knowledge of service providers and their 

location in relation to the population they serve. The dataset does not include any 

information on the timing of the project either in metadata or on the ILRI website, so the 

information it contains might be outdated. 

4 Building our geodatabase 

4.1 Structure of geodatabase 

The structure of our Taita Taveta Geodatabase can be seen in the figure 9. The datasets 

are divided into feature datasets (vector layers) and raster catalogs (raster layers). The 

datasets are all divided into these collections based on where they are from, so for 

example all layers from OpenStreetMap are under OpenStreetMap feature dataset 

collection. We first tried to create the geodatabase design based on what the layer 

contains, e.g. human landscape, terrain landscape etc., but there would have been only 

few collections in the end. Thus, we found it best to keep the layers categorized based on 

where they are downloaded from. When the datasets were ready, we transferred them to 

one computer and added them to the geodatabase. To share the geodatabase forward, the 

geodatabase was first compressed in ArcCatalog. Then, it was compressed again using 7-

Zip. 

 

Figure 9. The structure and contents of our geodatabase. 
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4.2 Existing feature dataset 

The existing feature dataset in the geodatabase (named Countywide) holds twenty vector 

layers. Coordinate system of the feature dataset is WGS 1984 UTM Zone 37S, which 

came to be the coordinate system for the rest of our data. None of the layers had metadata 

included. 

Eight polygon layers mainly consist of different administrative borders. Layers 

containing polylines depict roads, rivers, railways and powerlines. Point layers show 

places and different facilities. Daniel Githira explained in his email to Dr. Mika Siljander 

that these vector layers might have some inconsistencies as they are sourced from 

different places. Some data seems to have shifted from position as well. River layers 

might also have some topological errors. 

We explored these layers in ArcGIS and indeed found these errors in the data. It 

seems that in the Neighboring_Counties layer, the Taita Taveta County's polygon does 

not fit with the rest of the polygons. We first thought that the polygon has simply moved 

a bit, but actually it does not fit with the rest of the polygons at all, even when moving to 

'correct' place in the editing mode. A layer named Taita_Taveta_County seems to be a 

correct one as it matches the neighboring polygons' borders. Another layer depicting the 

same area, named T_Taveta County, however, is similarly false as the Taita Taveta 

County polygon in the Neighboring Counties -layer. Based on this comparison, we guess 

that the Taita_Taveta_County layer is the one that shows the correct borders of Taita 

Taveta County. We did not end up using these layers for clipping and so forth due to the 

confusion regarding which one is the (most) correct one. The river layer (EA_River) does 

have some problems with topology, mainly some overshoots and undershoots (figure 10). 

The EA_MajorRiver layer seems to not have topology errors and is much less 

generalized. The layer holds only major rivers, though. 

4.3 Our feature datasets 

Our vector layers were unified by clipping them to the Taita Taveta County's extent. The 

layers were also re-projected to the same projection, WGS 1984 UTM Zone 37S. Our 

geodatabase holds 10 feature datasets: Countywide, ESA, Geology, Health facilities, 

KNBS Kenya Inequality, Mining, OpenStreetMap, Soil, Taita Projects, and WRI Taita 

GIS Data. The total amount of vector layers under all the feature datasets is 93.  
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Figure 10. The river layer has some topological errors. 

4.4 Our raster catalogs 

All raster layers were unified the same way as the vector layers. Our geodatabase has 13 

raster catalogs. In total, 12 of them contain the AFRICLIM climatology rasters. The 

remaining one is the surface model. We chose to store our raster data in raster catalogs.  

Especially with AFRICLIM layers, cataloguing the layers is important as there are so 

many layers which in themselves do not tell much about what they are about. Thus, 

naming them and the catalogues informatively is important. Of course, adding metadata 

for the layers is important too. We had written metadata for each raster layer in the item 

description, but as we added them to the raster catalogues, the metadata was not available 

to be viewed anymore. The raster catalogs themselves do have metadata, which tells about 

the raster layers they contain.  

4.5 Metadata 

All the layers in our feature datasets (minus the Countywide dataset's layers) have 

metadata,which we wrote into the item description. Item description can be viewed in 

ArcMap as well as in ArcCatalog. ArcGIS requires two fields to be filled when adding 

metadata: tags and summary. We decided first what to write to each field to make sure 

we have uniform metadata in all our datasets. Some layers had already some metadata 



Kaistinen, H., Kivikko, T., Marttunen, E., Potinkara, M., Muukkonen, P. & Siljander, M. (2018). Taita 
Taveta geodatabase. In Tyystjärvi, V. & Muukkonen, P. (Eds.): Creating, managing, and analysing 
geospatial data and databases in geographical themes, 58−80. Helsinki: University of Helsinki, Faculty 
of Science. Department of Geosciences and Geography C14. 

 
 77 

(WRI Taita GIS Data layers) which we did not change. Like mentioned previously, our 

raster catalogs also have metadata, but the raster layers in them have not. In the tags field 

we added approximately 5 tags to each layer describing them. Summary field contains a 

short description of what the layer depicts. We decided to also write into the description 

field where the data is downloaded and when. This way the user has a chance to learn 

more about the data.  

5 Discussion 

As the data in our geodatabase is collected from multiple sources, the accuracy of the data 

is hard to evaluate collectively. The data sources listed in this article should be taken into 

consideration when using the geodatabase, as the original data might have errors in it. 

There are also some possible sources of error in the geodatabase because of our 

choice. In the beginning of the study we did not realize to use the same polygon for 

clipping our data. The first one we used (polygon 1 in figure 11) is the one mentioned in 

the chapter 3.1 (the Taita Taveta polygon was selected and exported into its own 

shapefile). The second one we used (polygon 2 in figure 11) is also from ArcGIS Online 

(mentioned in chapter 3.2), but the polygon is slightly different (figure 11). In the map, 

the second polygon we used (black) is under the first polygon used (light blue). The area 

the two polygons share is shown in darker blue. The main difference is in the western part 

of the county where the first polygon cuts through Lake Jipe, and the second polygon 

follows its eastern border. This might have caused some slightly different confines in the 

datasets. 

For the datasets that are divided by wards in Taita Taveta, a possible source of 

error comes from the wards' borders. We couldn't find a clearly accurate map of the wards, 

and all of them differed from each other in some way. As we digitized the wards from the 

KNBS publication, they might be somewhat incorrect. 

In the end, we were able to create a functional geodatabase. It contains multiple 

datasets from different sources, which describe the natural and human environment in 

Taita Taveta County.  Our geodatabase provides an efficient way to store all data in a 

single centrally managed database and an easy access to download and edit the data. We 

believe that the geodatabase will be useful while teaching geoinformatics, doing research, 
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and in other everyday applications, and more widely in developing the GIS infrastructure 

of Taita Taveta County.  

 

 

Figure 11. The differences of the polygons used for clipping datasets were relatively 
small. 

Taita Taveta geodatabase can be developed further by adding more datasets to it. 

For example, the RCP4.5 min and max projection data could be added to the AFRICLIM 

raster catalogs, as well as the RCP8.5 projection. We also suggest correcting the mistakes 

in the original geodatabase datasets (Countywide) which we did not have time to fix. 

Also, the geological map's mistakes could be fixed, but it seems to be a very time-

consuming task. Additionally, the ESA land cover maps between 1992–2015 enable the 

execution of a land cover change assessment. In summary, our geodatabase could be 

expanded further with any relevant data available on Taita Taveta County. 
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Abstract 

This article demonstrates a workflow to enhance a Finnish macroseismic 

questionnaire and further instructions for the moderator. The objective of this study 

was to improve and develop the questionnaire form that the Institute of seismology, 

University of Helsinki, uses to collect crowdsourced macroseismic observations 

from earthquakes. With the questionnaire, every citizen can report their 

observations if they experience an earthquake. The institute of seismology also 

wanted that the results from the form can be easily visualized on a map and 

published on the suomi.fi platform. We started by renewing the questionnaire form 

that is currently used to collect the observations. The first improvement was to 

implement a map interface to determine the location of the observer. In the old 

questionnaire form the location was determined with a written address and city. In 

the new form the observer can give the location of the observation with x and y 

coordinates. The next change was to create accentuation to the form, so the 

intensity of the earthquake can be determined. The dropdown selection has 

different values for different definitions of strength for earthquakes. We also 

created a model for ArcGIS that can automatically calculate the results from the 

form. Results are imported on csv-form in the model and the model produces the 

results regarding the intensity values. The model also helps to analyze the results 

when the observations are easily and quickly deployed on the map.  

Keywords: crowdsourcing; GIS; macroseismic observations; web questionnaire 
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1 Introduction 

Macroseismology studies earthquakes via different documents and data that handle the 

effects of the earthquakes (Department of geosciences and geography 2018). Data can be 

collected systematically with an observation form. Data can be descriptive or pre-

specified with grading for example from 1–5. Macroseismology is one of the non-

instrumental aspects of seismology. 

Macroseismology is one of the oldest methods to study earthquakes (Mäntyniemi 

2009). First studies in macroseismology in Finland happened in the late 19th century. 

Back in the days observations were collected from citizens through newspapers. 

Questions in the forms have stayed relatively same to this day. For microseismology, the 

most interesting things regarding earthquakes are noises, vibrations, length and possible 

destructions of the quakes.  

Nowadays, earthquakes are mostly observed automatically by different 

instruments (Cecić & Musson 2004). Data is collected automatically, quickly and easily. 

Data is also available for the world almost immediately after the earthquake. The added 

value from macroseismology cannot be underestimated. Macroseismology offers good 

information about the strength, length, extent and possible destructions of the earthquake. 

This information can be used to help prevent future destructions from earthquakes and 

help to evaluate the impact of the earthquakes. Also, carefully collected notes from the 

earthquakes are good for historians to study past earthquakes.    

2 Questionnaire 

2.1 About the questionnaire platform E-lomake 

The institute of seismology collects observations of earthquakes from citizens through a 

form on their website, 

http://www.helsinki.fi/geo/seismo/maanjaristykset/kysely.html. One of the goals in the 

project was to renew this form. We decided to use the E-lomake tool that is commonly 

used in the University of Helsinki. The renewed form is located on website 

https://E-omake.helsinki.fi/lomakkeet/88400/lomake.html.  
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One of the goals in the renewing the form was the easy processing and 

visualization of the results with GIS-software. With E-lomake it is possible to get the 

results in a form that can be easily imported to a GIS-software. Also, the data can be 

processed with a spreadsheet software.  

First thing we wanted to change in the form was to improve the way the observer 

reports the location of the observation. In the old form the location was asked with two 

text fields that were reserved for the address and the city of the observer. It was time 

consuming to geolocate the position with the address. In the new form, the observer can 

select the location from a map interface and give the location with x and y coordinates. 

With coordinates it is much simpler and quicker to geolocate the location of the observer 

with GIS-software. There are detailed instructions for the user how to get the coordinates 

from the map in the new form.  

Questions in the new form are based on the old form. In the form there are 

questions about the amount of people in the scene of the observation. Also, the amount 

of people that observed the earthquake is asked. Additionally, some basic information 

about the location of the observation is collected. There is also a question whether the 

observer was inside in a building or outside. If the observer was inside, there are 

additional questions about the building.   

Basic information of the observation was also changed in the new form. We 

wanted to add a zero option for the answers. Zero option is used to help determine the 

intensity of the earthquake and to help with the calculating the intensity. To get the 

information we used dropdown menus for the questions. Values collected in the form 

vary between 0–7 depending on the accentuation of the answer. The accentuation is used 

to help determine the intensity of the quake. There is also the same open text field that 

was in the old form.  

Results from the new form are easily exported on csv-form. A csv -file can be 

easily modified in spreadsheet software if needed. Also, csv-files can be easily imported 

to most GIS-software. As one part of the project, we created a model for ArcGIS that 

automatically produces a map from the results that are given in the form. The model 

visualizes the results based on their intensity values.  

The form still needs some modification. Firstly, the institute of seismology needs 

to take the rights to modify and control the form. Also, the control of the map interface 
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that is used to determine the location of the observed needs to be changed for the institute 

of seismology. The current form can be copied in the E-lomake tools and the copy can be 

passed to the institute of seismology and they can take control of it. 

2.2 Oskari platform and RPC interface 

Oskari is an open source map platform. It was started by NLS (National Land Survey of 

Finland) who also coordinates the project. Oskari community is now responsible for the 

development of the platform. Oskari provides embedded maps for internet pages and 

many interactive map functions through an RPC interface. For example, map 

functionalities in suomi.fi have been implemented using Oskari tools (Oskari Map 

Application Platform 2018). 

In our CASE project, E-lomake uses a map from Paikkatietoikkuna, which is also 

based on the Oskari platform. We were not able to complete the function of collecting 

earthquake observations by using a clickable map because of issues with RPC 

configuration in E-lomake. However, we see it as a requirement for fluent data collection. 

Despite the configuration problem, we recommend the Oskari map platform for collecting 

spatial observation data.  

3 Visualization of spatial data 

3.1 Point data visualization 

Macroseismic observations are collected as individual points based on coordinates or an 

address. Visualization is also based on showing individual points on a map. When the 

data is homogenic, there is no need to create complex visualization rules. Simple symbols 

and colours can be used. Our target was to show only substantive information. Basically, 

this means a location and an intensity. Additional information about the location or other 

remarks have been left out from the visualization.  

Different symbols can be used to represent observation points if any more 

information is needed to be visualised. Sometimes symbols can be problematic because 

of their poor performance. Intersecting symbols can be difficult to understand (Korpi 

2015). In the case of macroseismic observations, there is little benefit in using complex 
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symbols. Most features can be visualized using colours. For these reasons, we ended up 

visualizing observations as points or circles. The colour of a point reveals information 

about the intensity, for example.  

3.2 Generalization in visualization 

Macroseismic observations can be presented well using individual points. More 

demonstrative visualizations can be obtained if generalization is used when zooming out. 

This means that a group of individual points are clustered to a single point or a circle. 

According to McMasterin and Shea (1992), point data can be generalized by aggregating, 

refinement, displacement, classification or symbolization. Data selection has been left out 

of these methods, even if it is always a precondition in practice (Korpi 2015). 

In the CASE project, observation points are quite similar. That makes 

generalization also simpler. There is no need to symbolize the points, as was discussed 

earlier. Reclassification could weaken the accuracy of the results without any benefits. 

Refinement and displacement can also be of little benefit because the wanted result can 

usually be gained using only aggregation. Information loss is also smaller this way. 

However, details and reliability of a map decrease every time generalization is executed 

(McMaster & Shea 1992).   

The amount of the observations is usually an interesting piece of information. 

Aggregation, that is combining points to an entirety based on their locations, is a neat way 

to present macroseismic observations. The exact location of individual points is lost but 

the count of the observations can be represented by changing the size of the aggregation 

point, for example. However, losing the exact location is not an issue with an online map, 

because all the individual observation points are visible on another zoom level. 

4 Creating a shapefile automatically from an E-lomake table 

4.1 Objective 

The objective of this task was that the moderator can bring a table straight from E-lomake 

into an ArcMap model. The model then automatically creates a new shapefile with the 

intensity calculated in a new column. 
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4.2 Implementation 

A csv-file downloaded from Helsinki University’s E-lomake is be saved in a specified 

folder (figure 1). The model creates a new geodatabase, imports the csv-file in it and 

makes a new layer out of it by georeferencing the file.  Then the layer is transformed to a 

shapefile that is exported in the same folder with the original csv-file. After this, intensity 

is calculated into a new column based on the values in the shapefile. Finally, this shapefile 

is brought in the ArcMap layer-window. 

 

Figure 1. Arcmap model to capture E-lomake data as a csv-file to ArcMap environment. 

A csv -file downloaded from the Helsinki university’s E-lomake will be missing 

an object-ID when imported to ArcMap. This prevents directly converting it into a 

shapefile and making a layer out of it. Adding the object-ID is resolved by importing the 

csv-file into a geodatabase. Therefore, a new geodatabase needs to be initialized in the 

model for the file. The reason for this problem may have something to do with 

complicated column names. A table downloaded from E-lomake will have column names 
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identical to the questions in E-lomake form. These contain spaces, special characters and 

Scandinavian letters, which may be the cause of problems in ArcMap. 

Calculating intensity is complicated because there is no right way of doing it. 

There is some research about calculating intensity based on a microseismological 

questionnaire but the methods are dependent on the questions (Sbarra et al. 2010). We 

have the answers “unable to say”, “no effect”, “a little” and “a lot”. Each of these answers 

is assigned a numeric value. “Unable to say” equals 1, “no effect” equals 0 and “a little” 

and “a lot” are assigned values according to the macroseismological intensity 

classification made by the European Seismological Commission. For example, 

“glassware shook” and “heavy objects moved” imply earthquakes of different intensities. 

The intensity algorithm calculates the sum of the values and defines the intensity of the 

earthquake that was felt. A more refined algorithm would likely provide more realistic 

results but our resources within this course are not sufficient for creating a more complex 

algorithm. For example, it would be advisable to rule out answers with a lot of “unable to 

say”-answers because of their irrelevance. 

4.3 Notes 

The model is user friendly as it ensures that there will be no problems when creating the 

shapefile. However, it needs to be noted that there should not be more than one table file 

in the folder where the csv-file is saved. Also, the intensity calculation algorithm is 

dependent on the column names in the table. Changing the column names will result in 

an error when running the model. The model instructions have specified this but it is up 

to the user to make sure that everything is correct. One possible solution for this would 

be to assign specified column names, but unfortunately E-lomake does not allow this. 

The model does not create a visualization automatically. Instead, if the user wants 

a specific visualization for their own purposes in ArcMap, they must assign a 

visualization style for the completed shapefile. It is recommended to classify the intensity 

column and visualize it with graduated colours. This way different intensities will show 

with different colours and the visualization will be intuitive. This is also specified in the 

instructions of the model. 
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5 Case study Liminka 

5.1 Introduction of the case study 

As a case study we examined the earthquake that happened in Liminka in 2017. The 

institute of seismology received almost 600 observations from that earthquake. We used 

that data to determine how to improve the form and how to visualize the data on a map. 

Also, we used the Liminka data to help determine how to accentuate the values so that 

we could easily determine the intensity of the earthquake. We made some example 

visualizations with the data. 

 

Figure 2. Data from the Liminka earthquake in 2017. Individual points (black) and 
aggregated 20km fishnet (orange). 
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5.2 Aggregating the Liminka data in a fishnet 

The objective was to aggregate points into bigger objects so that the visualization would 

look good on bigger zoom levels. We made a 20km fishnet and used spatial join to 

calculate the points inside each square and assigned the calculated values to the centre 

points of each polygon. The result was a point cloud with aggregated counts. Finally, we 

classified the count values and visualized them with different-sized shapes. 

The results are showed in figure 2. The black points represent the original point 

data and the orange circles the new aggregated data. ArcGIS would have a better 

algorithm for doing this kind of aggregation but we did not have the software, so we chose 

this method. 

5.3 Using GeoServer WMS interface to publish spatial data 

5.3.1 Background 

GeoServer is an open source server application to share spatial data (GeoServer 2018). It 

utilizes open standards such as WFS and WMS. Web Map Service (WMS) is a 

standardized interface service for publishing spatial data on the Internet. According to 

OGC, WMS offers an HTTP interface to share spatial data from a data source (Web Map 

Service 2018). In a WMS query, the user (or client software) enters the area and the 

layer(s) wanted. The interface returns a georeferenced map image to the client.  

Publishing spatial data using a WMS interface makes it possible to use a third-

party map portal, data downloading and the use of styles, for example. Using styles is 

necessary if wanting to visualize e.g. intensity of macroseismic effects. Styles also enable 

the use of visibility levels that can be used to restrict individual observations to be shown 

on the map on a scale that reveals the exact location of an observation.  

The following part describes the procedure to publish spatial data using 

GeoServer WMS. This method is suitable for point vector data saved into a database or 

in files. The principles are the same also with line and polygon format spatial data. The 

GeoServer user manual can be used for more exact description of the functions 

(GeoServer User Manual 2018). In the CASE project, map publishing was done using 
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locally installed GeoServer. Published maps were viewed in QGIS software. However, 

this procedure can also be used in a real WWW server environment.  

5.3.2 Steps to publish spatial data 

A. New Workspace is created for the data (figure 3): 

• Workspaces -> Add new Workspace 

• Macroseismic observations can be one Workspace 

• The Workspace needs a name and a unique identifier (Namespace URI) 

• Services: WMS selection enables WMS interface for the Workspace 

 

 

Figure 3. Creating a Workspace. 

B. A data source needs to be defined for the data (figure 4): 

• Stores -> Add new Store 

• In the CASE project data is a file located on local disk (Vector Data Sources / 

Shapefile) 

• One Store can refer to a folder that contains multiple files 
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• We recommend using a database, e.g. PostgreSQL with PostGIS so that files can be 

saved into the database and published directly and automatically from there 

Figure 4. Defining a data source 

C. Defining a file to be published (figure 5): 

• The Workspace, name and location of a file are needed for the data source 

• The file is imported automatically as a new layer 

D. Publishing a layer: 

• Coordinate system and bounding boxes should be considered when publishing a 

layer (figure 6) 

• In the CASE project as well as with E-lomake, ETRS89 system is used with TM35 

projection (EPSG:3067) 

• After the EPSG is selected, bounding boxes are calculated automatically when 

clicking ’Compute from data’ and ‘Compute from native bounds’ 

• A layer style is selected from a Publishing tab (figure 7) 

• The style can also be selected after the publishing is done 
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Figure 5. Connecting to the data source. 

Figure 6. Defining coordinates for the layer. 
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E. Publishing a layer: 

• Coordinate system and bounding boxes should be considered when publishing a 

layer (figure 6) 

• In the CASE project as well as with E-lomake, ETRS89 system is used with TM35 

projection (EPSG:3067) 

• After the EPSG is selected, bounding boxes are calculated automatically when 

clicking ’Compute from data’ and ‘Compute from native bounds’ 

• A layer style is selected from a Publishing tab (figure 7) 

• The style can also be selected after the publishing is done 

 
Figure 7. Selecting a style for a layer. 

F. Layer preview (Layer preview – OpenLayers (for example)):  

• If no style is selected, default style is used (figure 8) 
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G. Layer publishing through WMS interface and viewing it in a client: 

• The address for the WMS can be seen from Openlayer preview window, for 

example 

• In the CASE project, url is server/geoserver/seismo/wms? 

• To get the layer into a client software, WMS url is typed in a client or map portal 

(QGIS or Suomi.fi, for example) 

Figure 8. Published layer with the default style. 

H. Visualization: 

• In the GeoServer there is no graphic presentation of the spatial data 

• Outlook is created using styles 

• A style is specific to a Workspace 

• Without a predefined style, default style is used 

• SLD format (Styled Layer Descriptor) is an XML technique that can be used to 

create styles on GeoServer (figure 9) 
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• A style for a single map layer is defined in an SLD file -> text, point, line, polygon, 

zoom levels etc. 

• When using the WMS, client software shows the layer as defined in the style 

The SLD styles used in the CASE project are presented in Appendix 1. 

I. Layer group (figure 10): 

 
Figure 9. Creating a style. 
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Figure 10. Creating a layer group. 

Published layers can be grouped in the Layer groups menu. When grouped, multiple 

layers can be shown simultaneously and fetched using only one WMS query. For a layer 

group, it is possible to define visibility levels for individual layers so that layers can be 

shown based on the zoom level. 

J. Discussion 

When collecting data from a questionnaire, it is essential to be able to collect and interpret 

the data easily. E-lomake is an old tool that has been ceased to develop. This sets 

restrictions on its usage. For example, it was challenging to embed an interactive clickable 

map inside the questionnaire. A map like this would be intuitive for people taking the 

survey and a user-friendly way to ask for location data. Adding separate titles for output 

table files is also not supported, which causes problems if the questionnaire is edited. 

The Oskari map application platform would enable an interactive map and other 

features. Using Oskari is a recommended direction for future development for this project. 

It would also be advisable to search for more flexible solutions for an online 

questionnaire. 

The model we prepared also has its limitations when it comes to its ability to 

depict reality with the intensity algorithm. The algorithm should be developed further by 

for example adding a relevance factor. Answers having “unable to say” as the majority of 

their answers should be deemed less relevant. Furthermore, filtering these kinds of results 
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out of the visualization should be considered. Also, the option “no effect” implies 

different things depending on the question. “Glassware shook” and “heavy objects 

moved” will take earthquakes of different intensities to happen in some cases. It is 

possible for an earthquake to occur that shakes glassware but doesn’t move heavy objects. 

This should somehow also be taken into account in the algorithm. Suggestions for further 

improvement have been discussed in other articles (Sbarra et al. 2010). 

Visualizing the results is possible in a GIS-software but one of the objectives was 

to create a map visualization for an online map portal such as Suomi.fi. Map portals, 

however, have restricted possibilities for visualization. Therefore, we ended up utilizing 

GeoServer and the WMS-interface. These offer better solutions for visualizing 

beforehand and publishing the visualized material in a web map portal afterwards. This 

method also opens the possibility to publish national results in international portals. 
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Appendix 1. SLD styles in practise. 

Three different styles are presented next. They can be used to visualize observation 

points. All examples set a colour and a size for the points but use different attribute values. 

The definition is made using values from the shapefile attribute table. Visibility on higher 

zoom levels is restricted to prevent individual addresses from being exposed.  

A style based on observation type 

In this example, values in the ”havaittiin” field is studied and used for visualization. 

<!— XML schema basics made by GeoServer --> 
<?xml version="1.0" encoding="ISO-8859-1"?> 
<StyledLayerDescriptor version="1.0.0"  
    xsi:schemaLocation="http://www.opengis.net/sld StyledLayerDescriptor.xsd"  
    xmlns="http://www.opengis.net/sld"  
    xmlns:ogc="http://www.opengis.net/ogc"  
    xmlns:xlink="http://www.w3.org/1999/xlink"  
    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 
<!— Graphic presentation begins here --> 
<!— Titles --> 
  <NamedLayer> 
    <Name>Attribute-based point</Name> 
    <UserStyle> 
      <Title>Attribute-based point</Title> 
      <FeatureTypeStyle> 
<!— FeatureTypeStyle->Definition for a single object --> 
        <Rule> 
          <Name>Aanihavainto</Name> 
          <Title>Aani</Title> 
<!— Looking for ”ääntä” value from ”havaittiin” field --> 
          <ogc:Filter> 
            <ogc:PropertyIsEqualTo> 
              <ogc:PropertyName>havaittiin</ogc:PropertyName> 
              <ogc:Literal>ääntä</ogc:Literal> 
            </ogc:PropertyIsEqualTo> 
          </ogc:Filter> 
<!— Creating a point graphic for ”ääntä” values --> 
          <PointSymbolizer> 
            <Graphic> 
              <Mark> 
<!— Red circle (RGB-koodi: #ff2222),size 12 is created --> 
                <WellKnownName>circle</WellKnownName> 
                <Fill> 
                  <CssParameter name="fill">#ff2222</CssParameter> 
                </Fill> 
              </Mark> 
              <Size>12</Size> 
            </Graphic> 
          </PointSymbolizer> 
<!— Defining a visibility for different zoom levels --> 
<!—The style is not visible until a scale 1:55000  --> 
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<!—Respectively MaxScaleDenominator sets the highest zoom level where the object is shown --> 
          <MinScaleDenominator>55000</MinScaleDenominator> 
         </Rule> 
<!— The definitoin for values ”tärinää” -->      
       <Rule> 
          <Name>Tarinahavainto</Name> 
          <Title>Tärinää</Title> 
          <ogc:Filter> 
                <ogc:PropertyIsEqualTo> 
                <ogc:PropertyName>havaittiin</ogc:PropertyName> 
                <ogc:Literal>tärinää</ogc:Literal> 
              </ogc:PropertyIsEqualTo> 
          </ogc:Filter> 
          <PointSymbolizer> 
            <Graphic> 
              <Mark> 
                <WellKnownName>circle</WellKnownName> 
                <Fill> 
                  <CssParameter name="fill">#2222CC</CssParameter> 
                </Fill> 
              </Mark> 
              <Size>12</Size> 
            </Graphic> 
          </PointSymbolizer> 
          <MinScaleDenominator>55000</MinScaleDenominator> 
        </Rule> 
<!— Values ”tärinää ja ääntä” -->  
   <Rule> 
          <Name>Aani_ja_tarinahavainto</Name> 
          <Title>Ääntä ja tärinää</Title> 
          <ogc:Filter> 
            <ogc:PropertyIsEqualTo> 
              <ogc:PropertyName>havaittiin</ogc:PropertyName> 
              <ogc:Literal>tärinää ja ääntä</ogc:Literal> 
            </ogc:PropertyIsEqualTo> 
          </ogc:Filter> 
          <PointSymbolizer> 
            <Graphic> 
              <Mark> 
                <WellKnownName>circle</WellKnownName> 
                <Fill> 
                  <CssParameter name="fill">#33cc33</CssParameter> 
                </Fill> 
              </Mark> 
              <Size>12</Size> 
            </Graphic> 
          </PointSymbolizer> 
          <MinScaleDenominator>55000</MinScaleDenominator> 
        </Rule> 
      </FeatureTypeStyle> 
    </UserStyle> 
  </NamedLayer> 
</StyledLayerDescriptor> 
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Figure 11. Observation points as defined in the style above. 
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Scale > 1:55 000 

• Observation points disappear from the screen 

• Suomi.fi – individual buildings appear 

Scale < 1:55 000 

• Observation points are visible 

• Suomi.fi – individual buildings are not visible 

• Size of the observation points is fixed 

• No visibility restrictions for observation points on 

smaller scales 

• Suomi.fi – Source map restricts visibility on small 

scales 

 

 

Map element visibility on different scales at Suomi.fi is defined by 

NLS. It cannot be changed. 

 

 
 
 
 
  

Figure 12. Observation points on different scales. 
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A style based on intensity 

Intensity field is used for searching a number [classes: 0–3, 3–6, 6–9, 9–12, and 12–15] 

which sets the colour for a visualization. MaxScaleDenominator is the max zoom level 

for layer visibility. 

 

<?xml version="1.0" encoding="UTF-8"?> 
<StyledLayerDescriptor xmlns="http://www.opengis.net/sld" 
xmlns:ogc="http://www.opengis.net/ogc" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" version="1.1.0" 
xmlns:xlink="http://www.w3.org/1999/xlink" 
xsi:schemaLocation="http://www.opengis.net/sld 
http://schemas.opengis.net/sld/1.1.0/StyledLayerDescriptor.xsd" 
xmlns:se="http://www.opengis.net/se"> 
  <NamedLayer> 
    <se:Name>intensiteetti</se:Name> 
    <UserStyle> 
      <se:Name>intensiteetti</se:Name> 
      <se:FeatureTypeStyle> 
        <se:Rule> 
          <se:Name> 0.0000 - 3.0000 </se:Name> 
          <se:Description> 
            <se:Title> 0.0000 - 3.0000 </se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:And> 
              <ogc:PropertyIsGreaterThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>0</ogc:Literal> 
              </ogc:PropertyIsGreaterThanOrEqualTo> 
              <ogc:PropertyIsLessThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>3</ogc:Literal> 
              </ogc:PropertyIsLessThanOrEqualTo> 
            </ogc:And> 
          </ogc:Filter> 
           <se:MinScaleDenominator>55000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>500000</se:MaxScaleDenominator> 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#ffffb2</se:SvgParameter> 
                </se:Fill> 
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              </se:Mark> 
              <se:Size>11</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
        <se:Rule> 
          <se:Name> 3.0000 - 6.0000 </se:Name> 
          <se:Description> 
            <se:Title> 3.0000 - 6.0000 </se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:And> 
              <ogc:PropertyIsGreaterThan> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>3</ogc:Literal> 
              </ogc:PropertyIsGreaterThan> 
              <ogc:PropertyIsLessThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>6</ogc:Literal> 
              </ogc:PropertyIsLessThanOrEqualTo> 
            </ogc:And> 
          </ogc:Filter> 
          <se:MinScaleDenominator>55000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>500000</se:MaxScaleDenominator> 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#fecc5c</se:SvgParameter> 
                </se:Fill> 
                
              </se:Mark> 
              <se:Size>11</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
        <se:Rule> 
          <se:Name> 6.0000 - 9.0000 </se:Name> 
          <se:Description> 
            <se:Title> 6.0000 - 9.0000 </se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:And> 
              <ogc:PropertyIsGreaterThan> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>6</ogc:Literal> 
              </ogc:PropertyIsGreaterThan> 



Ijäs, T., Karhu, T., Kaskenpää, M., Muukkonen, P. & Mäntyniemi, P. (2018). Macroseismic obser-
vations in Finland: enhancement of crowdsourced observatory practice. In Tyystjärvi, V. &
Muukkonen, P. (Eds.): Creating, managing, and analysing geospatial data and databases in geo-
graphical themes, 81−108. Helsinki: University of Helsinki, Faculty of Science. Department of
Geosciences and Geography C14.

 
 104 

              <ogc:PropertyIsLessThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>9</ogc:Literal> 
              </ogc:PropertyIsLessThanOrEqualTo> 
            </ogc:And> 
          </ogc:Filter> 
         <se:MinScaleDenominator>55000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>500000</se:MaxScaleDenominator> 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#fd8d3c</se:SvgParameter> 
                </se:Fill> 
                 
              </se:Mark> 
              <se:Size>11</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
        <se:Rule> 
          <se:Name> 9.0000 - 12.0000 </se:Name> 
          <se:Description> 
            <se:Title> 9.0000 - 12.0000 </se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:And> 
              <ogc:PropertyIsGreaterThan> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>9</ogc:Literal> 
              </ogc:PropertyIsGreaterThan> 
              <ogc:PropertyIsLessThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>12</ogc:Literal> 
              </ogc:PropertyIsLessThanOrEqualTo> 
            </ogc:And> 
          </ogc:Filter> 
          <se:MinScaleDenominator>55000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>500000</se:MaxScaleDenominator> 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#f03b20</se:SvgParameter> 
                </se:Fill> 
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              </se:Mark> 
              <se:Size>11</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
        <se:Rule> 
          <se:Name> 12.0000 - 15.0000 </se:Name> 
          <se:Description> 
            <se:Title> 12.0000 - 15.0000 </se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:And> 
              <ogc:PropertyIsGreaterThan> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>12</ogc:Literal> 
              </ogc:PropertyIsGreaterThan> 
              <ogc:PropertyIsLessThanOrEqualTo> 
                <ogc:PropertyName>intensitee</ogc:PropertyName> 
                <ogc:Literal>15</ogc:Literal> 
              </ogc:PropertyIsLessThanOrEqualTo> 
            </ogc:And> 
          </ogc:Filter> 
          <se:MinScaleDenominator>55000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>500000</se:MaxScaleDenominator> 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#bd0026</se:SvgParameter> 
                </se:Fill> 
              
              </se:Mark> 
              <se:Size>11</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
      </se:FeatureTypeStyle> 
    </UserStyle> 
  </NamedLayer> 
</StyledLayerDescriptor> 
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A style based on the observation point count 
 
A shape layer contains the count of observation points that intersects with a statistical 

rectangle. The number is saved into _Count field and is used to define the size of the 

cluster circle. 

On the lower part of the script (Name: pienet) individual observation points get their 

visibility attributes so that they cannot be seen on the map. 

  

<?xml version="1.0" encoding="UTF-8"?> 
<StyledLayerDescriptor xmlns="http://www.opengis.net/sld" 
xmlns:ogc="http://www.opengis.net/ogc" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" version="1.1.0" 
xmlns:xlink="http://www.w3.org/1999/xlink" 
xsi:schemaLocation="http://www.opengis.net/sld 
http://schemas.opengis.net/sld/1.1.0/StyledLayerDescriptor.xsd" 
xmlns:se="http://www.opengis.net/se"> 
  <NamedLayer> 
    <se:Name>liminkaDotSum</se:Name> 
    <UserStyle> 
      <se:Name>liminkaDotSum</se:Name> 
      <se:FeatureTypeStyle> 
        <se:Rule> 
          <se:Name>isot</se:Name> 
          <se:Description> 
            <se:Title>isot</se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:PropertyIsGreaterThanOrEqualTo> 
              <ogc:Div> 
                <ogc:PropertyName>Count_</ogc:PropertyName> 
                <ogc:Literal>2</ogc:Literal> 
              </ogc:Div> 
              <ogc:Literal>2</ogc:Literal> 
            </ogc:PropertyIsGreaterThanOrEqualTo> 
          </ogc:Filter> 
          <se:MinScaleDenominator>500001</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>4000000</se:MaxScaleDenominator> 
           
            <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#b42e35</se:SvgParameter> 
                </se:Fill> 
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                <se:Stroke/> 
              </se:Mark> 
              <se:Size><ogc:Div> 
                <ogc:PropertyName>Count_</ogc:PropertyName> 
                <ogc:Literal>2</ogc:Literal> 
              </ogc:Div></se:Size> 
            </se:Graphic> 
               
          </se:PointSymbolizer> 
           
        </se:Rule> 
       
        <se:Rule> 
          <se:Name>pienet</se:Name> 
          <se:Description> 
            <se:Title>pienet</se:Title> 
          </se:Description> 
          <ogc:Filter xmlns:ogc="http://www.opengis.net/ogc"> 
            <ogc:PropertyIsLessThan> 
              <ogc:Div> 
                <ogc:PropertyName>Count_</ogc:PropertyName> 
                <ogc:Literal>2</ogc:Literal> 
              </ogc:Div> 
              <ogc:Literal>2</ogc:Literal> 
            </ogc:PropertyIsLessThan> 
          </ogc:Filter> 
          <se:MinScaleDenominator>10000000</se:MinScaleDenominator> 
          <se:MaxScaleDenominator>4000000</se:MaxScaleDenominator> 
 
          <se:PointSymbolizer> 
            <se:Graphic> 
              <se:Mark> 
                <se:WellKnownName>circle</se:WellKnownName> 
                <se:Fill> 
                  <se:SvgParameter name="fill">#738858</se:SvgParameter> 
                </se:Fill> 
                <se:Stroke/> 
              </se:Mark> 
              <se:Size>0</se:Size> 
            </se:Graphic> 
          </se:PointSymbolizer> 
        </se:Rule> 
      </se:FeatureTypeStyle> 
    </UserStyle> 
  </NamedLayer> 
</StyledLayerDescriptor> 
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Figure 13. Visualization based on intensity. 

 
Figure 14. Zooming out changes individual observation points to sum clusters. 
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