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Abstract: Maps are essential in climate change re-
search. This paper considers examples of cartograph-
ic visualizations for different climate change charac-
teristics. International map symbol systems used in
climate change maps are analyzed. The aim of the
paper is to demonstrate the need for a single symbol
system for these maps. It is suggested that themat-
ic elements in the contents of climate change maps
be introduced. The need for a single, clear, consis-
tent approach to designing symbols for presenting
climate change theme is presented. The basic carto-
graphic rules for the application of graphic variables
are considered.
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1. Introduction

Climate change is the most pervasive environmental
challenge facing contemporary society. Among the many
problems our planet faces today, global warming has be-
come a red-hot topic throughout the world. Climate scien-
tists have shown that the frequency of extreme weather
events will increase as the planet’s warming trend con-
tinues. Climate change maps are designed to stimulate
interest in and concern for the impact of global climate
change on the environment and society. The results of
research increasingly depend on maps, both as tools
of visualization and analysis, and instruments of policy
and decision making. Good visualization of the forecast

impacts of climate change will enable an assessment of
the vulnerability of socio-economic sectors and the en-
vironment to climate change, and this will lead to the im-
plementation of specific measures for adapting to new
conditions and mitigating the adverse impacts of change.

With the development of computer technology, car-
tographers have directed their attention to digital maps
and atlases and computer animation. Professor Mark
Harrower of the University of Wisconsin-Madison has
been working on animated maps for many years. He
says almost all types of maps can be animated, espe-
cially climate maps and maps of climate change. Ani-
mated maps, unlike static maps are an attractive way of
displaying temporal changes in certain geographic pro-
cesses (Harrower 2009).

Mapping climate change is an important and labori-
ous process, aimed at presentating reliable information
in answer to the needs of society. In the fourth report of
the Intergovernmental Panel on Climate Change (IPCC),
many graphs, charts and maps for visualizing the results
of analyses of climate change were used (IPCC 2007).

In her research, Jean E. McKendry raises an impor-
tant issue about the quality of climate change maps and
how they affect important decisions on combating glob-
al warming. The evaluation of the maps used in the re-
port reveals the challenges and opportunities of mapping
(McKendry and Machlis 2008).

This paper examines some problems that arise
in climate change mapping, due to the various types,
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Sazetak: Karte su nuzne u istraZivanjima klimatskih
promjena. U radu se razmatraju primjeri kartograf-
ske vizualizacije razlicitih obiljeZja klimatskih promje-
na. Analizirani su medunarodni sustavi kartografskih
znakova primijenjeni na kartama klimatskih promje-
na. Svrha rada je pokazati potrebu za jedinstvenim
sustavom znakova na tim kartama. U radu se daje
prijedlog za uvodenje tematskih elemenata u sadr-
Zaj karata klimatskih promjena. Prikazuje se potreba
za jedinstvenim, jasnim i dosljednim pristupom obli-
kovanju kartografskih znakova za prikazivanje teme
klimatskih promjena. Razmatraju se osnovna Kkarto-
grafska pravila za primjenu grafickih varijabli.

Kljucne rijeci: karte klimatskih promjena, posljedice
klimatskih promjena, kartografska vizualizacija

1. Uvod

Klimatske promjene su najprisutniji ekoloski izazov
koji se namece suvremenim drustvima. Osim mnogih
problema s kojima se danas susreée nas planet, global-
no zatopljenje postalo je goruéa tema u cijelome svije-
tu. Znanstvenici koji se bave klimom predvidaju da ¢e
se s rastu¢im trendom zatopljenja povecavati i broj ek-
stremnih vremenskih nepogoda. Karta klimatskih pro-
mjena je osmisljena da potakne zanimanje i pozornost
na utjecaj globalnih klimatskih promjena na okolis i drus-
tvo. Rezultati istrazivanja sve viSe ovise o kartama koje
postaju sredstvo za vizualizaciju i analizu, instrumen-
ti upravljanja i donoSenja odluka. Dobra vizualizacija

prognoziranog utjecaja klimatskih promjena omogucit ée
procjenu ranjivosti drustveno-gospodarskih sektora i oko-
lisa na klimatske promjene, Sto ¢e dovesti do provedbe
posebnih mjera prilagodbe na nove uvjete i do ublaza-
vanja negativnih utjecaja tih promjena.

Razvojem rac€unalne tehnologije pozornost karto-
grafa usmjerena je na digitalne karte i atlase, te raCu-
nalnu animaciju. Profesor Mark Harrower sa Sveucili-
Sta Wisconsin u Madisonu radio je na animiranim kar-
tama mnogo godina. Prema njemu gotovo sve vrste ka-
rata mogu biti animirane, a posebno klimatske karte i
karte klimatskih promjena. Animirane karte, za razliku
od stati¢kih karata, na atraktivan nacin prikazuju vre-
menske promjene u odredenim geoprostornim proce-
sima (Harrower, 2009).

Kartiranje klimatskih promjena je vazan i zahtjevan
proces, kojega je cilj prikazati pouzdane informacije o po-
trebama drustva. U Eetvrtom izvje$¢u Intergovernmental
Panel on Climate Change (IPCC) upotrijebljeni su mno-
gi grafovi, grafikoni i karte za vizualizaciju rezultata ana-
lize klimatskih promjena (IPCC 2007).

Jean E. McKendry u svojem istraZivanju postavlja
vazno pitanje o kvaliteti karata klimatskih promjenai na-
¢inu na koji ¢e one utjecati na vazne odluke u borbi pro-
tiv globalnoga zatopljenja. Vrednovanje karata koje se
koriste u izvjeS¢u otkriva izazove i moguénosti kartogra-
firanja (McKendry i Machlis 2008).

U ovome radu istrazuju se neki od problema koji
se javljaju pri kartiranju klimatskih promjena, a koji se
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Fig. 1. Symbol system used in the map “The local consequences of global warming”,
Intergovernmental Panel on Climate Change (IPCC), 2001 (URL 1)

Slika 1. Sustav znakova upotrijebljen na karti ,Lokalne posljedice globalnog zatopljenja®,
Intergovernmental Panel on Climate Change (IPCC), 2001 (URL1)

structure and classification of data provided by differ-
ent organizations. The paper puts forward a proposal
for introducing thematic elements to the contents of cli-
mate maps, with the aim of supporting decision-making
in crisis situations. A description of climate change con-
sequences forms the basis for developing strategies for
sustainable development. The consequences of climate
change may be devastating, if action is not taken to in-
vestigate and try to prevent them.

In the map design process, the map symbol specifica-
tion stage is often unclear and users’ choices of graphic
signs may be unsuitable to their needs. Therefore, more
attention should be paid to symbol design and choice of
colours in the map design process.

The successful application of good map design is a
necessary step in the development of climate change
sciences. Cartographers should make proposals and
take decisions on how to represent thematic informa-
tion through graphic symbols, using optimal colours, siz-
es, shapes and typography. The cartographic techniques
and requirements of the symbol system used, which allow
the creation of high quality symbols for climate change
maps, will be investigated in this paper.

2. User Needs

While climate information is a complex subject, it is
important to communicate information to the public in a

neutral, straightforward way, without oversimplifying it.
Maps are a good tool for this. They allow non-special-
ists to access and try to interpret information on climate
change variables for themselves.

We can divide the users of these maps into sever-
al groups:

U Decision-makers, responding to events and coordinat-
ing work between different teams

O Specialists and consultants, giving advice on specific
aspects and issues

U The general public
4 Children, pupils and students
0 Disabled people

Further types of classification can be made with re-
spect to the underlying technology for providing infor-
mation.

The use of maps is a key element in communication.
Maps are effective in summarizing variable climate data,
showing trends and highlighting potential climate envi-
ronments in the future.

However there are significant barriers to the under-
standing of climate change maps and images by non-
specialists. This paper highlights some of these prob-
lems, which need to be considered in order to facilitate
more effective communication in the future.



KiG 2011, 16

Metoda kartografske vizualizacije na kartama klimatskih promjena

O

Toplinski udari
Heatwaves

©

NestaSica vode
Water shortages

X

NestaSica hrane
Food shortage

S

Susa
Drought

o

Sumski pozari
Forest fires

o

Otapanje gleCera
Melting glaciers

S

Poveéenje morske razine
Sea level rises

—

&

Morski ekosustavi
Marine ecosystems

Fig. 2. Symbol system used in the map “Climate destabilization”, 2009 (URL 2)
Slika 2. Sustav znakova upotrijebljen na karti "Klimatske destabilizacije", 2009 (URL 2)

odnose na razliCite vrste, strukturu i podjelu podataka
koje pruzaju razli¢ite organizacije. U radu se daje prijed-
log za uvodenje tematskih elemenata u sadrzaj klimat-
skih karata s ciljem podrske pri donoSenju odluka u kri-
znim situacijama. Opis posljedica nastalih zbog klimat-
skih promjena je osnova za razvoj strategije za odrzivi
razvoj. Posljedice klimatskih promjena mogle bi biti po-
razavajuce ako se ne poduzmu odgovarajuée radnje za
istraZivanje i sprieCavanje tih promjena.

U postupku oblikovanja karte, stupanj detaljnosti kar-
tografskih znakova je Eesto dvojben, a izbor grafickih zna-
kova moZze biti neprikladan s obzirom na potrebe korisni-
ka. Stoga je potrebno posvetiti viSe pozornosti stupnju
detaljnosti kartografskog znaka i izboru boja u postup-
ku oblikovanja karata. Uspjesna primjena dobro obliko-
vane karte je nuZan korak u razvoju znanosti o klimat-
skim promjenama.

Kartografi trebaju predloziti i onda donijeti odluku o
tome kako treba prikazivati tematske informacije s po-
mocu grafickih znakova optimalne boje, veli€ine, oblika
i tipografije. U ovome radu bit ée istrazene kartografske
tehnike i zahtjevi na sustav kartografskih znakova koji
omogucuju stvaranje kvalitetnih kartografskih znakova
za upotrebu na kartama klimatskih promjena.

2. Potrebe korisnika

Buduéi da su klimatske informacije slozenoga karak-
tera, vazno je javnosti prenositi informacije na neutralan i
izravan nacin, bez pretjeranog pojednostavnjivanja. Kar-
te su dobro sredstvo za to jer omogucuju i nestruénjaku
da samostalno prihvati i poku$a interpretirati informaci-
je i varijable klimatskih promjena.

Korisnike tih karata moZemo podijeliti u nekoliko
skupina:

U donosioci odluka — odgovaraju na dogadaj i koordini-
raju rad izmedu razli¢itih timova

U struénjaci i konzultanti — daju savjete o odredenim
aspektima i pitanjima

0 opéa javnost

U djeca, ucenici i studenti

U osobe s invaliditetom.

Dodatne vrste klasifikacija mogu se u€initi s obzirom
na tehnologije za pruZanje informacija. Upotreba kara-
ta je kljuéni dio te komunikacije. Karte mogu biti u€inko-
vite za davanje pregleda podataka o klimatskim varija-
blama, pokazivanje trendova i isticanje moguéih budu-
¢ih klima okolia.

Medutim, nestru¢njaci nailaze na zna¢ajne prepreke
pri razumijevanju karata klimatskih promjena. U ovom
radu istaknuti su neki od tih problema koje treba uzeti u
obzir za ucinkovitiju komunikaciju u budu¢nosti.

Vazan aspekt dobre komunikacije s javnoséu je u
shvacanju konteksta u kojem su informacije primljene.
Vecinu ljudi moZemo svrstati u skupinu povremenih ko-
risnika, Ciji je interes za tehniCke teme prolazan, te ¢e
njihovo vrijeme za bavljenje tim informacijama biti ogra-
ni¢eno. Razumijevanje znanstvenih informacija ovisi o
odredenim predznanjima o naravi informacija, na¢inu na
koji su prikupljene, te o shemi kodiranja koja je upotrije-
bljena za njihov prikaz.

Informacije o klimi utje€u na vrednovanje strategi-
je za upravljanje resursima kroz pretpostavke ili obi-
liezja o buducoj potencijalnoj temperaturi, oborinama,
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Fig. 3. Symbol system used in “Climate map”, National Association of
Radio Distress-Signalling and Infocommunications (URL 3)
Slika 3. Sustav znakova upotrijebljen na "Klimatskoj karti", National Association of
Radio Distress-Signalling and Infocommunications (URL 3)

One important aspect of good communication with
the public is an understanding of the context in which
information is received. Most casual users who have a
passing interest in technical topics will have limited time
in which to pursue it. An understanding of scientific in-
formation depends on having some background knowl-
edge of the type of information, the means by which it
is gathered, and the coding scheme used to present it.

Climate information influences the evaluation of re-
source management strategies through hypothesising
about or describing the characteristics of future potential
temperature, precipitation, and runoff conditions, among
other weather data. Improving the ability to forecast and
use climate variability information will greatly enhance
adaptation to climate change.

Research and monitoring are both needed to fill know!-
edge gaps and make progress in planning capabilities.
Although neither will eliminate all uncertainties, they will
provide significant improvements in understanding the
effects of climate change, and in evaluating the associ-
ated uncertainties and risks, resulting in more informed
decision making.

3. Standardization Attempts
in the Visualization of
Climate Change Mapping

3.1. International overview

The evidence of climate change includes heat-waves,
rising sea-levels , flooding, melting glaciers, earlier spring

arrival, coral reef bleaching, and the spread of disease.
These changes may be presented on maps using dif-
ferent kinds of visualization. There are many maps with
a climate change theme. From a cartographic point of
view, there is no standard practice or systematisation in
the visualization of objects and phenomena. This sec-
tion looks at some examples of symbol systems in cli-
mate maps, setting out their advantages and disadvan-
tages. In this example (Fig.1), the author has appropri-
ately classified local consequences in two categories:
“fingerprints” and “harbingers”.

Stylized images are used in this example, referring
to an object or its properties.

The symbols used form a graphic whole, are asso-
ciative and informative, but do not have the capacity to
provide additional information. The symbol system is in-
complete; some cartographic symbols combine features
such as "drought and fires", and others, such as "food
shortages" are missing.

Another example of a symbol system is examined
in Fig. 2.

The meanings of some of the symbols used is unclear.
The objects displayed graphically in the symbols showed
on Fig. 2 are difficult to identify. It is hard to guess that
the second symbol depicts a food shortage. The same
symbol is usually used for restaurant locations.

An example of a poorly constructed symbol system
is shown in Fig. 3. The symbols used are in different
colours and have different shapes; as a group, these
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Fig. 4. Symbol system used in the map “Impact of an average 4°C rise in global temperature” (URL 4)
Slika 4. Sustav znakova upotrijeblien na karti "Utjecaj prosjecnog porasta od 4°C u globalnoj temperaturi” (URL 4)

oborinskim vodama i ostalim informacijama o vremenu.
PoboljSana sposobnost za predvidanje i upotrebu infor-
macija o klimatskim promjenama umnogome bi unapri-
jedila prilagodavanje na klimatske promjene.

Kako bi se popunile rupe u znanju i ostvario napre-
dak u planiranju, potrebna su daljnja istraZivanja i nad-
gledanja. lako se takvim pristupom nece eliminirati sve
nepogode, osigurat ¢e se znatan napredak u razumije-
vanju ucinaka klimatskih promjena, te u procjeni nesigur-
nosti i rizika koje one donose, $to ¢e dovesti do vece in-
formiranosti pri donoSenju odluka.

3. Pokusaj standardizacije kartografske
vizualizacije klimatskih promjena

3.1. Medunarodni pregled

Dokazi klimatskih promjena su toplinski udari, porast
razine mora, poplave, otapanje ledenjaka, raniji dolazak
proljeca, izbjeljivanje koraljnih grebena i Sirenje bolesti.
Te se promjene mogu prikazati na kartama upotrebom
razlicitih vrsta vizualizacije. Postoje mnoge karte na temu
klimatskih promjena. S kartografskog stajalista, ne po-
stoje standardi i uredenost u vizualizaciji objekata i feno-
mena. U ovom poglavlju dan je pregled nekih od primje-
ra sustava znakova na klimatskim kartama, te su nave-
dene njihove prednosti i nedostatci. U primjeru na slici 1
autor na odgovarajuci nacin klasificira lokalne posljedi-
ce u dvije kategorije: pojave i prijetnje.

U tom primjeru koristene su stilizirane slike koje upu-
¢uju na objekt ili njegova svojstva. Koristeni znakovi ine
grafiéku cjelinu, asocijativni su i informativni, ali ne po-
sjeduju kapacitet za pruZanje dodatnih informacija. Zna-
kovni sustav nije dovrsen, neki kartografski znakovi po-
put susa i poZar saZeti su u jedan znak, a neki znakovi
nedostaju (poput znaka za nestaSicu hrane). Drugi pri-
mijer sustava kartografskih znakova prikazan je na slici 2.

Neki od upotrijebljenih znakova imaju nejasno zna-
¢enje. Na znakovima prikazanima na slici 2 ucrtane

graficke objekte nije moguce identificirati. TeSko je pret-
postaviti da drugi znak na slici prikazuje nestaSicu hrane.
Takav znak obi¢no se upotrebljava za lociranje restorana.

Primjer lo8e izgradena sustava znakova prikazan je
na slici 3. Kartografski znakovi prikazani su razli¢itim bo-
jama i oblikom, a znakovi unutar iste skupine ne posje-
duju zajednicki konstruktivni element, preklapaju se i ne-
Citljivi su. Znakovi male veli¢ine zahtijevaju upotrebu jed-
nostavnih i jasnih simbola koji se mogu lako razumjeti.

Nova karta na Google Earthu pokazuje $to ¢e se do-
goditi ako globalna temperatura poraste 4 °C iznad pro-
sjeka. Na toj karti upotrijebljene su razliite metode za
vizualizaciju posljedica klimatskih promjena. Geometrij-
ski znakovi su prikazani u tumacu znakova (vidi sliku 4),
a mjesta udara oznacena su na karti Sarenim krugovima.
lako karta pruza zanimljive informacije na nov naéin, po-
trebno je provesti testiranja na korisnicima kako bi se oci-
jenilo koliko je zaista komunikacija ucinkovita, te daje i
javnosti jasnu sliku 0 moguéim klimatskim promjenama.

Kartiranje klimatskih promjena je izazov za kartogra-
fe. Dobre rezultate moguce je postici uz primjenu dovolj-
no detaljne kartografske podloge u kombinaciji s odgova-
rajuéom metodom slikovnog prikaza. PredloZeni pristup
kartiranja klimatskih posljedica utemeljen je na analizi.
Cilj je kartu prilagoditi kognitivnim sposobnostima korisni-
ka i skratiti vrijeme potrebno za interpretaciju informaci-
ja s karte. VaZan ¢imbenik u istraZivanjima o oblikovanju
karte je utvrdivanje iskustva ispitanika pri testiranju. Ra-
zlikovanje izmedu "stru¢njaka" i "nestru¢njaka" moglo bi
otkriti znacajne razlike u dizajnu karte s obzirom na po-
tencijalne korisnike. Postupak izrade kartografskih zna-
kova i izbor boja je sloZen problem. Idu¢e poglavlje bavi
se specifikacijom kartografskih znakova na karti, jednim
korakom u postupku oblikovanja karte.

3.2. Specifikacija kartografskih znakova

Nas$ istrazivacki rad usredotodit ¢e se na izbor gra-
fickih znakova, kao glavnog problema koiji je potreb-
no rijesiti. Nadalje, cilj istrazivanja je graficki prikaza-
ti korisnicke podatke s pomocu odabranih grafikih
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Fig. 5. Basic elements of a symbol (Zhang and Qi, 2008)

symbols have no common constructive element, they
overlap each other and are illegible. If a small symbol
size is chosen, the symbols must be simple, clear, and
easily understood.

A new map on Google Earth shows what would hap-
pen if the average global temperature was 4°C higher
than average. It uses different methods for visualizing
the consequences of climate change. Geometric sym-
bols are shown in the key (see Fig. 4), and places of im-
pact are marked on the map by coloured circles. While
the map provides interesting information in a novel way,
it should be tested on users to assess how effective it is
in actually communicating a clear picture of potential cli-
mate change to the public.

Mapping climate change is a challenge to cartogra-
phers. Good results can be achieved by the use of suf-
ficiently detailed mapping bases, combined with an ap-
propriate method of imaging. The proposed approach to
mapping climate consequences is based on our analy-
sis. The aim is to adapt a map to users’ cognitive abilities
and shorten the time necessary to extract the required in-
formation. An important consideration in map design re-
search is to identify the level of the users’ previous ex-
perience. Distinguishing between "experts" and "non-ex-
perts" may reveal significant differences in designs for
different groups of potential users. Symbol specification
and the choice of colours are complex issues. The next
section deals with the stage of symbol specification dur-
ing the map design process.

3.2. Map symbol specification

Our research work focuses on the main problem of
choosing graphic symbols. It also aims at graphically
presenting user data using graphic symbols,and evalu-
ating and improving symbol specification, if necessary.
Good symbol specification consists of appropriate asso-
ciations between objects, symbols and meanings, which
are both legible and understandable.

Vasilev and Bandrova (2009) have determined the
general requirements of symbol design for navigation-
al maps:

1) Legible — easy, fast symbol perception

2) Easily distinguished from other symbols

3) Mutually subordinate — fitting in well with other sym-
bols in the key

4) Suggestive — the graphic symbol has the capacity to
reflect a certain property of the object depicted

5) Informative — able to deliver additional information (if
necessary)

6) Graphically complete —the graphic principles for form-
ing a symbol are beyond question.

These general requirements can be attributed to sym-
bol design for climate change maps.

When designing a symbol system for a map, visual
variables should be taken into account. This concept was
introduced in 1967 by Bertin (1983), a famous French
cartographer, who posited one of the first comprehen-
sive theories on graphic variables and their uses. Visu-
al variables can be defined as coloured graphics which
include factors such as shape, colour, size, orientation,
position and texture (Fig.5).

Variables are identified at different speeds by differ-
ent people. Colour and brightness are perceived first.
After that, shape and size can be determined. Shape
has priority, because size is determined through cor-
relation with other objects. The orientation and inner
structure of objects are perceived last among all visu-
al variables.

3.2.1. Shape specification

In order to design climate change map symbols, we
must first choose a symbol’s shape. The International Or-
ganization for Standardization provides an overall link be-
tween geometric form and meaning (Fig. 6).

In choosing the shape of symbols on climate maps,
we must pay attention to the importance of geometric
forms. One shape which is appropriate for these sym-
bols is the triangle, which carries the meaning “warn-
ing”. The main purpose of these maps is to warn of the
consequences of climate change. Symbols must be in-
tegral. This means they have a clearly expressed geo-
metric base, which is not confused by the specific ele-
ments used within it. This is best achieved by enclosing
the symbol in a frame.
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znak

oblik boja veliéina

orijentacija poloZaj tekstura

Slika 5. Osnovni elementi znaka (Zhang i Qi, 2008)

simbola, te vrednovati i poboljSati kartografske znakove
ako to bude potrebno. Kvaliteta izradenog znaka sastoji
se od dobre povezanosti predmeta-znakova-znacenja,
lake ¢itljivosti i razumljivosti.

Vasiljev i Bandrova (2009) odredili su op¢e zahtje-
ve za oblikovanje znakova na navigacijskim kartama:

1) Citljivost — jednostavna i brza percepcija znaka
2) razlikovanje medu drugim znakovima

3) medusobna podredenost — dobra uskladenost s os-
talim znakovima u tumacu znakova

4) sugestivnost — sposobnost grafickog znaka da
odraZava odredeno svojstvo prikazanog objekta

5) informativnost — sposobnost da dostavi dodatne infor-
macije (ako je potrebno)

6) graficka potpunost — graficki oblici koji ¢ine znak nisu
upitni.

Ti opéi uvjeti mogu se primijeniti i na oblikovanje zna-
kova za upotrebu na kartama klimatskih promjena.

Pri oblikovanju sustava kartografskih znakova treba
uzeti u obzir znacaj vizualnih varijabli. Takav nacin razmi-
Sljanja uveo je 1967. godine Bertin, znameniti francuski
kartograf. Bertin (1983) je autor jedne od prvih sveobu-
hvatnih teorija o grafickim varijablama i njihovoj upotre-
bi. Vizualne varijable mogu se definirati kao slike u boji i
¢injenice koje su obi¢no oblik, boja, veli¢ina, orijentaci-
ja, polozaj i tekstura (slika 5).

Navedene varijable ljudi identificiraju razli¢itom br-
zinom. Boju i svjetlinu doZivljavaju najbrze. Tek nakon
toga moZe se odrediti oblik i veli¢ina. Oblik ima prioritet
jer se veli€ina odreduje u usporedbi s drugim predmeti-
ma. Orijentacija objekta i unutarnja struktura medu svim
vizualnim varijablama shvaéaju se najsporije.

3.2.1. Specifikacija oblika

Za oblikovanje kartografskih znakova na kartama kli-
matskih promjena potrebno je najprije izabrati oblik zna-
ka. Medunarodna organizacija za standardizaciju daje
opéu povezanost izmedu geometrijskog oblika i njego-
va znacenja (slika 6).

Geometrijski oblik Znacenje
Geometric form Meaning

Zabrana ili obavezno djelovanje

Prohibition or mandatory action

Upozorenje
Warning
Informacije (ukljuujuéi upute)
Information (including instructions)

Fig. 6. Geometric form and meaning
ISO 3864 (URL 5)

Slika 6. Geometrijski oblik i znacenje
ISO 3864 (URL 5)

Pri izboru oblika kartografskog znaka za upotrebu
na kartama klimatskih promjena, potrebno je obratiti po-
zornost na znacenje koje se pridruzuje odredenom ge-
ometrijskom obliku. Odgovarajuci oblik za takve karto-
grafske znakove je trokut, koji ima znacenje "upozore-
nje". Glavna je svrha takve karte upozoriti na posljedi-
ce klimatskih promjena. Znakovi moraju biti konstruktiv-
no cjeloviti. To se odnosi na prisutnost jasno izrazenoga
geometrijskog sredista bez sumnje o odredenim upotri-
jebljenim konstruktivnim elementima. NajlakSe se moze
postici zatvaranjem znaka u okvir.

3.2.2. Specifikacije boja

Zeljeli bismo se usredotoéiti na kvalitetu odnosa
objekt-boja-znacenje na karti. Boje moraju biti prilago-
dene potrebama korisnika. U ISO 3864 dano je i opée
znacenje stupnja sigurnosti koje je pridruzeno odrede-
noj boji (slika 7).

Navedene boje Siroko se upotrebljavaju pri vizualiza-
ciji rizika i katastrofa. Primjenom iste logike, razliite boje
moguce je koristiti za prikaz razliCite razine rizika. Boje
prikazane na slici 8 predlozio je UN i one su veé u upo-
rabi u nekim projektima, ali jo$ nisu sluzbeno prihvaéene.
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Sigurnosna boja |  Znagenje ili svrha Primjer upotrebe
Safety colour Meaning or objective Examples of use
Stop znakovi / Stop signs
Crvena §t%p/ Stc/)rl): i Interventni stop / Emergency stops
Red abrana / Fronibition Znakovi zabrane / Prohibition signs
. Ta boja takoder se koristi za prevenciju poZara, protupoZarnu opremu i njezinu lokaciju.
This colour is also used for fire prevention and fire-fighting equipment and its location.
Plava
Blue Obavezna akcija Obavezno nosenje osobne zastitne opreme
. Mandatory action Obligation to wear personal protective equipment
Juta Oznake opasno_sti (poiar, eksploz_ija, radijacvija,_
Yellow Oprez, rizik od opasnosti olpetl)gnoslt trovanja, |Iid.)} :J%qzotr.enja :g koracanje,
Caution, risk of danger slabi prolaz, prepreke. / Indication of dangers
’ (fire, explosion, radiation, toxic hazard, etc.),
warning for steps, low passages, obstacles.
Zelena Rute za bijeg / Escape routes
Green Sigurno stanje Izlazi u slu€aju nuzde / Emergency exits
Safe condition Prva pomoc i stanica za spaSavanja /
. First-aid and rescue stations

Fig. 7. Safety colours ISO 3864 (URL 5)
Slika 7. Sigurnosne boje ISO 3864 (URL 5)

3.2.2. Colour specification

We would like to focus on the quality of associations
between objects, colours and meanings on maps. Co-
lours should be adapted to users’ needs. ISO 3864 pro-
vides general guidelines for colours assigned to safety
designations (Fig.7).

These colours are used widely for the visualization of
risks and disasters. Using the same logic, we may use
different colours to show different risk levels. The colours
shown in Figure 8 have been suggested by the UN and
are already in use for some projects, but they have not
yet been officially accepted.

Pursuant to these standards and proposals, we have
used four colours (green, yellow, orange and red) for the
background of our map symbols. These colours can be
defined using the CMYK colour model for hard copy pre-
sentations (cyan, magenta, yellow and key (black)) and
the RGB colour system (red, green, blue) for computer
screen presentation

3.2.3. Size definition

The next visual variable is size. By using symbols of
different sizes, qualitative and quantitative information

about the objects or phenomena presented can be giv-
en. Ease of symbol recognition diminishes with decreas-
ing size and the increasing number of shapes. A map with
only one or two symbols is easier to interpret.

3.2.4. Orientation

Orientation is used to depict cyclical quantitative at-
tributes at certain points. It is best suited to vector fields,
such as wind, gravity and magnetism. The map symbols
used by meteorologists to denote wind direction and

speed combine orientation and shape. A maximum of four

(or eight) orientations can be recognized directly (Fig. 9).
3.2.5. Texture

Texture, or pattern, is a complex graphic variable,
combining size, value, nuances of colour, shape and ori-
entation. In the narrowest sense, texture or spacing re-
fers to the spatial frequency of the components of a pat-
tern. Texture can be used effectively to denote multiple
phenomena in a single map, which would be confusing
if represented by other variables alone.

3.2.6. Position

Location or position is inherent to the features on a
map, and for this reason we will not discuss it further.
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Hitnost Stupanj uzbune Mogucée vrijeme prije dogadaja
Emergency Type of alarm level Possible time before an eruption
_ Bez uzbune Nekoliko godina
No alarm Several years
. Opreznost Jedna ili nekoliko godina
Zuta / Yellow Vigilance One or several years

Narancasta / Orange

Pred uzbunu

Nekoliko mjeseci ili tiedana

Pre alarm Several months or weeks
Alarm Immediate

Fig. 8. Example of risk variation visualization, UN ISDR Secretariat
Slika 8. Primjer vizualizacije varijacije rizika, UN ISDR Secretariat

Na temelju tih standarda i prijedloga upotrijebit cemo
Cetiri boje (zelena, Zuta, narancasta i crvena) za poza-
dinu nasih kartografskih znakova. Boje mogu biti defini-
rane upotrebom sustava CMYK za prikaz na papiru (ci-
jan, magenta, zuta, crna) i sustava RGB (crvena, zele-
na, plava) za prikaz na zaslonu rac¢unala.

3.2.3. Definiranje veli€ine

Sliedeca vizualna varijabla je veli¢ina. Upotrebom zna-
kova razlicitih veli€ina moguce je uputiti na kvalitativne i
kvantitativne informacije prikazanog objekta ili fenome-
na. Prepoznatljivost znaka smanjuje se sa smanjenjem
veliCine oblika i povecanjem broja razlicitih oblika. Kartu
s jednim ili dva znaka je lakSe interpretirati.

3.2.4. Orijentacija

Orijentacija se upotrebljava za prikazivanije cikli¢kih
kvantitativnih atributa u to¢kama. Orijentacija je priklad-
na za prikazivanje polja vektora, kao Sto su vjetar, gra-
vitacija i magnetizam. Kartografskim znakovima koriste
se meteorolozi za oznaavanje smjera i brzine vjetra, te
pritom kombiniraju orijentaciju s oblikom. Neposredno je

\N—/
IN—/ TN~/

Fig. 9. Orientations
Slika 9. Orijentacije

moguce prepoznati najvise Cetiri (ili osam) razli¢itih ori-
jentacija (slika 9).

3.2.5. Tekstura

Tekstura ili uzorak je sloZena graficka varijabla koja
kombinira veli€inu, vrijednost, nijansu boje, oblik i orijen-
taciju. U uzoj definiciji, tekstura ili razmak odnosi se na
prostornu frekvenciju komponenti uzorka. Tekstura se
moze ucinkovito upotrebljavati za oznacavanje vise fe-
nomena na jednoj karti, Ciji bi prikaz bilo kojom drugom
varijablom bio zbunjujuéi.

3.2.6. Polozaj

Mijesto ili polozaj sadrzan je u objektima na karti, i
zbog toga nece biti detaljnije objasnjeno.

3.3. Dizajn

Svrha dizajna je privuci paZnju korisnika. Dizajn je po-
stupak odabira elemenata koje Zelimo prikazati na kar-
ti, te razmatranja na koji nacin svaki element treba pri-
mijeniti. Kartografsko oblikovanje snazno je vodeno po-
trebama korisnika i namjenom karte.

Kartografija ¢e zadovoljiti potrebe za kartiranjem po-
sliedica klimatskih promjena s pomo¢u moc¢nih alata za
vizualizaciju prostornih podataka (Stoimenova i Ban-
drova, 2011). Glavna je svrha stvoriti sustav kartograf-
skih znakova koji ¢e biti neovisan o softveru. Za obliko-
vanje reprezentativnih kartografskih znakova za prikazi-
vanje klimatskih promjena, analizirani su postojeéi zna-
kovi ugradeni u neki od popularnih komercijalnih softve-
ra poput ArcGIS-a, Mapinfoa i AutoCAD-a. Upotreba po-
znatih kartografskih znakova skratit ¢e vrijeme potrebno
za izdvajanje relevantne informacije s karte. Kartografski
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dd 2
44

dd4

Fig. 10. New designed symbols for climate change
mapping on based on the traditional symbols
of natural disasters

Slika 10. Novooblikovani znakovi za kartiranje
klimatskih promjena temeljeni na tradicionalnim
znakovima za prirodne katastrofe

444

Fig. 11. New designed symbols for climate
change mapping
Slika 11. Novooblikovani znakovi za kartiranje
klimatskih promjena

3.3 Design

The purpose of design is to attract the attention of
the user. The design process includes selecting appro-
priate map elements and considering how they should
be used. Map design is strongly influenced by the needs
of map users and the purpose of the map. Cartogra-
phy can satisfy the need to map climate change conse-
quences using powerful tools for visualizing spatial data
(Stoimenova and Bandrova 2011). The main objective
is to create a symbol system independent of software.
In order to design the most representative symbols to
illustrate climate change, we have analyzed existing
features in popular commercial software products such
as ArcGIS, Mapinfo and AutoCAD. The use of familiar

characters reduces the time needed to extract relevant
information from a map. The symbol must be legible,
understandable, and simply designed. For this purpose,
Corel Draw software was used.

Some symbols, such as those for fires, floods and
heat-waves, are fairly common and are also used on
special maps for Early Warning and Crisis Management,
while others, such as those for plant and animal shifts
and population changes, earlier spring arrival and coral
reef bleaching, are restricted to climate maps (Fig. 11).
Traditionally approved symbols are easily perceived, be-
cause users are accustomed to them. We may therefore
use existing symbols, if we adapt them for our purposes.
The aim is to create an integrated symbol system for cli-
mate change maps.

Standardization in the creation of system symbols
for climate change maps is a long process and involves
various fields of science. This paper is only the first step
and shows the developmental approach. Each symbol
can be improved to make it clearer and more understand-
able for users consulting animated climate maps. Map-
ping climate change means mapping complex process-
es that occur in space and time. Visual cartographic an-
imation should be used to enable visualization of time
variables in thematic maps. Animated maps, unlike static
maps, are an attractive way of showing temporal chang-
es within certain geographic processes such as climate.

4. Conclusions, Remarks and
Directions for Future Work

Up-to-date, accurate information plays a major role in
responding efficiently to societal, environmental and eco-
nomic challenges in our complex world. The aim of this
paper is to provide background information and guidance
on suitable techniques for mapping climate and climate
change information. The results of the analysis of sym-
bol systems in climate maps form a solid basis for fur-
ther fundamental and applied research on implementing,
updating and using a uniform symbol system for map-
ping the effects of climate change. Such a map symbol
system requires the use of traditional symbol denota-
tions with only a few elements that are easy to identify.
Thus the proposed symbol system for mapping climate
change consequences is associative, easily created and
compatible with other software.

This article forms a basis for future work, including
research into the role of colour in the design and recog-
nition of map signs, which requires further clarification in
order to finalize proposals. Further study is necessary re-
garding the possibility of incorporating the dynamic prop-
erties of certain objects and phenomena, taking into ac-
count their quantitative and qualitative characteristics.
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znak mora biti €itljiv i razumljiv, u jednostavnom grafickom
obliku. Za tu svrhu upotrijebljen je program Corel Draw.

Neki ¢eSce upotrebljavani znakovi, kao to su pozar,
poplava, toplinski val upotrebljavaju se na posebnim kar-
tama u svrhu ranog upozoravanja i upravljanja kriznim
situacijama. Drugi su znakovi, poput biljne i Zivotinjske
promjene i promjene populacije, raniji dolazak proljeca,
izumiranje koraljnih grebena svojstveni klimatskim kar-
tama (slika 11). Tradicionalno priznati znakovi lako se
shvacaju, jer su korisnici navikli na njih. Mogucée je kori-
stiti postojeCe znakove, ali ih je potrebno prilagoditi na-
Sim potrebama. Cilj je stvoriti cjelovit sustav znakova za
upotrebu na kartama klimatskih promjena.

Standardizacija u stvaranju sustava znakova za upo-
trebu na kartama klimatskih promjena dug je proces i
obuhvaca razli¢ita podruéja znanosti. Ovdje prikazani rad
samo je prvi korak i pokazuje razvojni postupak. Svaki
znak moze se poboljSati kako bi bio jasniji i razumljivi-
ji pri upotrebi na animiranim klimatskim kartama. Karti-
ranje klimatskih promjena je kartiranje sloZenih procesa
koji se javljaju u prostoru i vremenu. Za vizualizaciju vre-
menskih varijabli na tematskim kartama treba iskoristiti
vizualne mogucénosti kartografskih animacija. Animirane
karte, za razliku od statickih karata, atraktivan su nacin
za prikazivanje vremenskih promjena u odredenim geo-
grafskim procesima kao $to je klima.
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