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Geographical Information Systems

• What is GIS?
• Maps/cartography
• Spatial data
• Coordinate Systems
• Spatial analyses

• What can we use it for?

• Spatial data in Denmark

• Tips, tricks and caveats
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Father of modern epidemiology used GI(S)

The Lancet, http://dx.doi.org/10.1016/S0140-6736(08)60978-2

John Snow:
London cholera 
outbreak 1854
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GIS-users:
Scientists, governments, archaeology, landscape planning, 
real estate, police, military, fire departments, 
insurance/reinsurance, telecommunication, resource 
management, climate change, navigation (google maps!)…

https://gis.ny.gov/
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On patrol: A computer-generated 
“heat map,” left, shows predicted 
crime activity. This is translated into 
patrol instructions in the form of the 
red boxes on the map, right.



Diercke world atlas
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GIS: analytic mapping

• Geographical Information System:
• A system that handles spatial data (input, storage, processing, and retrieval)

• Spatial data / geodata
• Digital data that have a geographic dimension: location/shape

We let the software manage the data, make analyses (=solve a 
problem) and present results (e.g. on maps)
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Thinking in Layers

Real world

GIS model

abstraction
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Raster data

Represents the real world as a surface 
(layer) in regular grid cells

e.g. digital photos, elevation models, air 
pollution data

+ regular geometry

- Predefined resolution
- only one attribute per grid cell
- network linkage ambiguities

Vector data

Represents the real world as set of points, that 
may be joined in a given order (lines), into 
rings (polygons)

+ original resolution and accuracy
+ good for network and proximity analyses
+ more pleasing to look at on maps
+ many attributes per object possible

- analyses need complex and computation-
intensive algorithms
- datasets may become large
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Vector data

Buildings

Roads

Municipalities

Lakes

Trees

Sampling location

Railways
Hiking path

Forests

vertex

River

Accident site

Home of study subject
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Vector data

Buildings Roads

Municipalities

Buildings

Lakes

Trees
Sampling location

Railways

Hiking path

Forests

Depends also on the expected resolution and what you want to do with the data!
e.g. a building can be abstracted as a point or a polygon; a railroad could be a line or a polygon

vertex

RiverAccident site
Home of study subject
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Coordinate systems
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When working with satellite data
(GPS)

• World Geodetic System of 1984 (WGS84)

• Geographic coordinate system: based on sphere (longitude/latitude) 
curved grids

• Example:
56°10′01.22″N, 10°12′25.0000″E
56.16700556 N, 10.20694444 E
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UTM Universal Transverse Mercator Projection 
(UTM/ETRS89):

Fixed to Eurasian plate
All units are in meters.
Eastings always have 6 digits before decimals
Northings always have 7 digits before decimals

This is a Cartesian coordinate system!
Only positive numbers!
 Easy to calculate distances, areas, …

Example
32U 401028.5 m east 5580267.3 m north
32N 401028.5 m E 5580267.3 m N
32N 401028.5 5580267.3
401028.5 5580267.3 
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UTM
• Angles and shapes still preserved
• Scale error (distance between two points) within a 

zone is less than 0.1%

Distance is … cm per km longer (-) 
or shorter (+) in real world 
compared to map

Compare this (in)accuracy to a 
handheld GPS accuracy of approx. 
10 m
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Denmark: UTM zone 32N

UTM/ETRS89 (dansk: UTM/EUREF89) is 
stretched to cover eastern part of Sjælland
(actually in 33N). Only Bornholm is typically left 
in 33N, but sometimes translated to 32N, too!

For specific purposes - like construction - more 
precision is needed!
• Correction calculations (dangerous, because 

error prone)
• Use of other projections and coordinate 

systems (DKTM)
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When possible, stay within one system!
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Germany: elevation above sea-level 
in Amsterdam

Switzerland: elevation above sea-
level in Marseille

Di
ffe

re
nc

e:
 2

7 
cm

Ooops! Sign error 
leads to a difference 
of 54 cm!

Not acceptable for 
bridge construction



Scale
Small scale

1 : 250,000,000

Large scale
1 : 15,000
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Spatial analyses

Any kind of calculation/permutation of spatial data, to answer all kinds of 
spatial questions:
• Who lives within 500 m of a pig farm? (buffer calculations)
• What is the level of pollution (air, noise, water, …) at a point on the map, 

where I don’t have any data? (interpolation/kriging)
• What are the natural catchments of a hospital/pharmacy? (Thiessen polygons)
• Who lives far away from a pharmacy? (distance matrices)
• Where are hot and cold spots of a specific disease? (cluster analysis)
• How many hours of sunlight at a specific location? (3D analysis)
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Nuclear reactor emergency plans

Germany:
• Every household within 10 km to nuclear facility is 

supplied with potassium iodide/iodate pills on stock 
at all times

In case of fallout:
• Evacuation within 10 km
• Target group: everyone until age of 45 within 100 

km, as well as all children until age 18 and 
pregnant/breastfeeding women in all of Germany

• authorities supply to every household within 25 km

Thyroid blocker
• Saturates thyroid with stable iodine, 

preventing accumulation of radioactive 
iodine after nuclear fallout
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Nuclear reactor emergency plans

A ‘natural’ experiment: Chernobyl disaster

Poland and Belarus received similar amounts of radioactive Iodine

Thyroid blockade given to 11 million children (98%) in Poland
• Long time follow-up: no increase in thyroid cancer

No thyroid blockade given in Belarus
• Sharp increase in childhood thyroid cancer
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Cluster-busters

American Journal of 
Epidemiology, Volume 132, 
Issue supp1, July 1990
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Clusters are difficult to explain to the public

1955-1983: 7 cases of childhood leukemia
Expected: 0.5 cases

1983: TV documentation: leukemia cluster!
 Investigation: emissions too small to 

account for the cluster
1988: Kinlen (Lancet 1998/BJC 2011): virus 
infection?

Isolated town (herd immunity to a 
postulated virus rarely causing leukemia 
below average) receives huge influx of 
workers

Same pattern seen in other isolated places 
(soldiers stationed on isolated islands)

1996-2006: no new cases, cluster 
disappeared
Cancer research UK (2016): Sellafield, radiation and childhood cancer – shedding light on cancer clusters near nuclear sites
Kinlen (2011): Childhood leukaemia, nuclear sites, and population mixing, BrJC 104:12-18
Kinlen (1988): EVIDENCE FOR AN INFECTIVE CAUSE OF CHILDHOOD LEUKAEMIA: COMPARISON OF A SCOTTISH NEW TOWN WITH NUCLEAR REPROCESSING SITES IN BRITAIN, Lancet 332: 1323-1327
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Small-scale geographical variation in multiple sclerosis: A case-control study using Danish register data 1971–2013. 
Kristine Bihrmann, Nete Munk Nielsen, Melinda Magyari, Nils Koch-Henriksen, Rikke Baastrup Nordsborg, Annette 
Kjær Ersbøll. Multiple Sclerosis and Related Disorders, Vol. 23, p40–45. Published online: May 4, 2018
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Examples from epidemiological studies



What’s the GIS part in this study?

Exposure
Jupiter-database
Nitrate concentrations

Outcome
National Cancer Register
Diagnoses and dates 
from 1943

Residence
Civil Registration System
Address history 1968/78-

Covariates
Health- & administrative registers
Date of birth/death, sex, education, income, employment, taxation, link 
to parents/siblings/children, criminal offences, prescription drugs, cause 
of death, diagnosis/operations at hospitals, primary health care 
(treatment) …
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1) Georeferencing 2852 public water 
supply areas

2) Linking waterworks to supply areas 
(spatial join)
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1) Georeferencing 2852 public water 
supply areas

2) Linking waterworks to supply areas 
(spatial join)

3) Identifying households supplied by 
private wells (buffer)
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1) Georeferencing 2852 public 
water supply areas

2) Linking waterworks to supply 
areas (spatial join)

3) Identifying households 
supplied by private wells 
(buffer)

4) Assigning each household a 
time series of nitrate 
concentrations in drinking 
water (spatial join)





What’s the GIS part in these studies?

• Lithium not part of national drinking 
water monitoring program

• Almost 3000 waterworks in DK

1) Representative selection of 
waterworks
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Voutchkova, D. D., Hansen, B., Ernstsen, V., & Kristiansen, S. M. (2018). Nationwide Drinking 
Water Sampling Campaign for Exposure Assessments in Denmark. International journal of 
environmental research and public health, 15(3), 467.
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Tobler’s First Law of Geography:
“Everything is related to everything else.

But near things are more related than distant things.”



Pan et al (2005): Residential Proximity to Naturally Occurring Asbestos
and Mesothelioma Risk in California, Am J Respir Crit Care Med Vol 172. pp 1019–1025 37
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The “Island Effect”
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GIS in malaria prediction
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MAPS

43



44



45



Elements of a map
The map: who is your audience? What story do you want to tell? What 
is the important data you want to present, what is background info?

Extend: Can you show all your data? Does it make sense to divide the 
map in several parts (e.g. islands such as Bornholm)

Symbology: are the symbols clear and do they match the data?
• Qualitative data: use different colors (green for forest, blue for water)

• Quantitative data: use symbol size or color graduation/saturation

http://colorbrewer2.org
46

http://colorbrewer2.org/


Elements of a map

Labels: are they necessary and can you read them?

Legend: only show necessary items

Additional information: North arrow, scale bar, data sources, date, 
name, projection…
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Data sources

https://download.kortforsyningen.dk/
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https://download.kortforsyningen.dk/


Take home messages

• Maps are a great way to show (geo-) data in a visually attractive way

• Many exposures have a geographical dimension

• Spatial data are found all over the place
• Danish geodata are often freely available

• Coordinate systems: make sure you use the correct one

50


	GIS in Health Studies
	Slide Number 2
	Geographical Information Systems
	Father of modern epidemiology used GI(S)
	Slide Number 5
	Slide Number 6
	Slide Number 7
	GIS: analytic mapping
	Thinking in Layers
	Slide Number 10
	Vector data
	Vector data
	Slide Number 13
	Coordinate systems
	When working with satellite data�(GPS)
	UTM
	Slide Number 17
	Denmark: UTM zone 32N
	When possible, stay within one system!
	Scale
	Spatial analyses
	Nuclear reactor emergency plans
	Nuclear reactor emergency plans
	Cluster-busters
	Slide Number 25
	Slide Number 26
	Clusters are difficult to explain to the public
	Slide Number 28
	Examples from epidemiological studies
	What’s the GIS part in this study?
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	What’s the GIS part in these studies?
	Slide Number 36
	Slide Number 37
	Slide Number 38
	The “Island Effect”
	GIS in malaria prediction
	Slide Number 41
	Slide Number 42
	MAPS
	Slide Number 44
	Slide Number 45
	Elements of a map
	Elements of a map
	Slide Number 48
	Data sources
	Take home messages

