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Measuring Lengths and Areas in
Google Maps and Google Earth

In 2005, Google Maps was
launched on the internet as a ser-
vice intended to aid orientation in
space and navigation from one
point to another by car, public
transport, on foot, by bicycle, or by
plane. In making the mathematical
basis of the maps, Google Maps ap-
plied a procedure in which geodetic

c% coordinates on the ellipsoid ¢ and 1
51 were mapped into a plane accord-
. ing to the formulas of the normal
CF Mercator projection for mapping a
| sphere. This approach can be inter-

preted as a double projection of the
ellipsoid into a plane. First, the el-
lipsoid is mapped to a sphere,
Island whereby the geographic coordin-
ates on the sphere are the same as
the geodetic coordinates on the el-
lipsoid. Next, the sphere is mapped
into a plane using the Mercator
normal projection formulas (Fran-
Cula 2019). The main reason why
Google adopted this approach for
the production of Google Maps was
that the formulas for mapping the
sphere are much simpler, and there-
fore five times quicker to calculate,
than the formulas for mapping the
ellipsoid (Zinn 2010). This approach
produces a new map projection close
to Mercator’s, with the important
difference that it is not conformal,
like the Mercator projection, but ap-
proximately conformal, since the
maximum distortion of the angles is

Izmjeri udaljenost Grenland

Knite na kariu da bis

Ukupna povrdina: 2.146.522,14 km? (828.776,83 mi?)
Ukupna udaljenost: 8.021,78 km (4.984,50 mi)

Slika 2. Mjerenje povrSine na Google Mapsu.
Fig. 2 Measuring area in Google Maps.
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Fig. 3 Measuring distance in Google Earth.
Slika 3. Mjerenije duljine na Google Earthu.
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Mjerenje duljina i povrSina u
Google Mapsu i Google Earthu

Google je 2005. godine pokrenuo
na internetu Google Maps, uslugu
namijenjenu snalaZenju u prostoru i
kretanju od jedne tocke do druge
automobilom, javnim prijevozom,
pjesice, biciklom ili zrakoplovom.
Pritom je u izradi matematicke os-
nove karata primijenio postupak u
kojem su geodetske koordinate na
elipsoidu ¢ i A preslikane u ravninu
po formulama uspravne Mercato-
rove projekcije za preslikavanje
sfere. Taj se postupak moZe inter-
pretirati kao dvostruka projekcija
elipsoida u ravninu. Prvo je elipsoid
preslikan na sferu uz uvjet da su ge-
ografske koordinate na sferi jedna-
ke geodetskim koordinatama na
elipsoidu. Potom je sfera preslikana
na ravninu po formulama uspravne
Mercatorove projekcije (Franéula
2019). Glavni razlog Googleove pri-
mjene takvog postupka u izradi Go-
ogle Mapsa jednostavnije su formule
za preslikavanje sfere te stoga i pet
puta brZe raCunanje nego po for-
mulama za preslikavanje elipsoida
(Zinn 2010). Opisanim postupkom
preslikavanja dobivena je nova
kartografska projekcija bliska Mer-
catorovoj s bitnom razlikom da nije
konformna poput Mercatorove
projekcije, veé priblizno konformna
jer maksimalne deformacije kutova
nisu veée od priblizno 23 lu¢ne mi-
nute (Zinn 2010). Projekcija je poz-
nata pod imenom web-Mercatorova
projekcija. Od sredine 2018. karte
Google Mapsa dostupne su i u novoj
matematickoj osnovi (treba kliknuti
Globe u izborniku). Veéina karataiu
novoj matematickoj osnovi je u
web-Mercatorovoj  projekciji, ali
karta najsitnijeg mjerila nije karta
svijeta ve¢ karta hemisfere u azi-
mutnoj projekciji (Francula 2019).
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Fig. 1 Measuring the distance from Madrid to Moscow in Google Maps.
Slika 1. Mjerenje udaljenosti Madrid — Moskva na Google Mapsu.

Google je 2005. pokrenuo i Google
Earth. To je virtualni globus, tj. tro-
dimenzionalni (3D) softverski pri-
kaz Zemlje na ekranu racunalnog
monitora ili pametnog telefona. Za
kartografske prikaze primijenjena
je opéa perspektivna projekcija
(Francula i dr. 2019). Nasa je pret-
postavka da je Google u Google Earthu,
primijenio isti postupak kao i u Go-
ogle Mapsu, tj. u formule opce pers-
pektivne projekcije za preslikavanje
sfere uvrstio geodetske koordinate
s elipsoida.

Prema tome karte i Google Mapsa i
Google Eartha dobivene su preslika-
vanjem u ravninu elipsoida, a ne sfe-
re. To je vazno naglasiti jer Google
Maps i Google Earth imaju alate za
mjerenje duljina i povrSina. Mjeredi
tim alatima, duljine i povrsine bit ¢e
veli¢ine na elipsoidu, dakle oslobo-
dene utjecaja deformacija projekcije.

Mnogi autori toga nisu svjesni i
tvrde suprotno. Npr. Kupier i dr.

(2014) tvrde da karte u web-Merca-
torovoj projekciji, koja Cini mate-
maticku osnovu Google Mapsa, ne bi
trebalo upotrebljavati za racunanje
duljina i povrsina zbog velikih de-
formacija projekcije (Web Mercator
projection should not be used for gene-
rating buffers or computing lengths or
areas because of the distortion inherent
in the projection). Usporeduju rezul-
tate mjerenja povr$ina na podruéju
SAD-a na Google Mapsu i karti izrade-
noj u Albersovoj konusnoj ekviva-
lentnoj projekciji pri ¢emu su razlike
u povrSinama oko 40 %. Skopeliti i
Stamou (2019) tvrde da alat za mje-
renje duljina u Google Mapsu ne daje
to¢ne rezultate zbog velikih defor-
macija koje nastaju udaljavanjem od
ekvatora (On the contrary, although a
distance measure tool is provided in Wi-
kimapia and Google maps, distance me-
asurements do not always correspond to
true distances, due to great deformations
away from the Equator).
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In 2005, Google also launched Google
Earth. This is a virtual globe, that is, a
three-dimensional (3D) software
depiction of the Earth on the screen of a
computer or smartphone. The general
perspective projection was
implemented for the cartographic
depiction (Francula et al. 2019). We
assume that the same approach as in
Google Maps was used also in Google
Earth, that is, geodetic coordinates
from the ellipsoid were included in the
general perspective projection
formulas for mapping the sphere.

Google je 2005. pokrenuo i Google
Earth. To je virtualni globus, 1.
trodimenzionalni (3D) softverski prikaz
Zemlje na ekranu racunalnog monitora
ili pametnog telefona. Za kartografske
prikaze primijenjena je opca
perspektivna projekcifa (Francula i dr.
2019). Nasa je pretpostavka da je
Google u Google Earthu, primijenio isti
postupak kao i u Google Mapsu, tj. u
formule opce perspektivne projekcije
za preslikavanje sfere uvrstio
geodetske koordinate s elipsoida.

smallest-scale maps are not maps of
the world, but maps of the hemi-
sphere in an azimuthal projection
(Francula 2019).

In 2005, Google also launched
Google Earth. This is a virtual globe,
that is, a three-dimensional (3D)
software depiction of the Earth on
the screen of a computer or smart-
phone. The general perspective
projection was implemented for the
cartographic depiction (Francula et
al. 2019). We assume that the same
approach as in Google Maps was used
also in Google Earth, that is, geodetic
coordinates from the ellipsoid were
included in the general perspective
projection formulas for mapping
the sphere.

Accordingly, maps in both
Google Maps and Google Earth were
acquired by mapping the ellipsoid,
not the sphere, onto a plane. This
must be emphasised, since Google
Maps and Google Earth both have
tools for measuring lengths and
areas. When using these tools,
lengths and areas will be the di-
mensions they are on the ellipsoid,
free of the influence of projection
distortions.

Many authors are not aware of
this and claim the opposite is true.
For example, Kupier et al. (2014)
claim that the maps in the Web
Mercator projection, which forms
the mathematical base of Google
Maps, “should not be used for ...
computing lengths or areas because
of the distortion inherent in the
projection”. They compare the res-
ults of measuring areas in the USA
on Google Maps and on a map pro-
duced in the Albers conical equi-
valent projection, in which the
differences are about 40%. Skopeliti
and Stanou (2019) claim, “On the
contrary, although a distance
measure tool is provided in
Wikimapia and Google Maps, distance
measurements do not always cor-
respond to true distances, due to
great deformations away from the
Equator”.

We will demonstrate that meas-
urement of lengths and areas in
Google Maps is free from the influ-
ence of projection distortions by
measuring the shortest distance,
that is, the length of geodesic line,
between Madrid and Moscow, and
the area of Greenland on maps in
the Web Mercator projection.

To measure the distance from
Madrid to Moscow, we right-clicked
on Madrid and selected ‘Measure the
distance’, then clicked on Moscow
(Figure 1). The result was 3,439 km.
According to Distance Calculator
(2020), the distance is 3,448 km. Ob-
viously, the result using Google Maps
was free from projection distortion.

To measure the area of Green-
land, we right-clicked on a starting-
point and selected ‘Measure the
distance’. We traced the coastline of

Greenland roughly and finished
back at the starting-point. A pop-up
box then shows the length of the
coastline to be 8,021 km and the
area 2,146,522 km? (Figure 2). Ac-
cording to Wikipedia (2020a), the
area of Greenland is 2,166,086 km?,
so obviously that by measuring the
area on Google Maps, the area on the
ellipsoid was obtained, thus free of
the projection distortion. We
should mention that on the Web
Mercator projection, Greenland is
only a little smaller than Africa, al-
though it is actually about 14 times
smaller. According to Wikipedia
(2020b), Africa has a area of
30,370,000 km?,

To measure lengths and areas in
Google Earth, we selected ‘Show
ruler’ on the toolbar. In the box that
appears we selected ‘Lines’ and
kilometres as the unit. We meas-
ured the distance between Kuala
Lumpur and Jakarta by clicking on
Kuala Lumpur and then on Jakarta.
The result was 1,178 km (Figure 3).
According to Distance Calculator
(2020), the distance is 1,175 km.

We will present another proof
that measuring in Google Earth pro-
duces the dimensions on the ellips-
oid. We measured the length of the
equatorial arc on the map of the
hemisphere between the meridians
4 =-30°11=30° and the length of
the meridian arc between the par-
allels ¢ = 30° i ¢ = -30°. The result
for the length of the arc at the
equator was 6,673 km (exact length
is 6,679 km), while for the length of
the arc on the meridian it was 6,649
km (exact length is 6,640 km). Due
to the flattening of the Earth at the
poles, the length of the arc at the
equator is greater than at the me-
ridian. The measurement error re-
garding the length of the arc at the
equator was only 0.09%, and at the
meridian it was 0.13%.

To measure area, we selected
‘Polygon’, for the unit of ‘Perimet-
er’, kilometres, and for the unit of
‘Area’, square kilometres. The result
for the length of the coastline of
Australia was 13,938 km, and the
area was 7,599,812 km?, According to
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Da su mjerenja duljina i povrsina
na kartama u Google Mapsu oslobode-
na utjecaja deformacija projekcije,
pokazat ¢emo na primjeru mjerenja
najkraée udaljenosti, tj. duljine ge-
odetske linije, izmedu Madrida i Mo-
skve i povrsine Grenlanda na kartama
u web-Mercatorovoj projekciji.

Za mjerenje udaljenosti Madrid -
Moskva kliknemo desnom tipkom
mi$a na Madrid i izaberemo Izmjeri
udaljenost i potom kliknemo na Mo-
skva (slika 1). Dobivena duljina je
3439 km. Prema Distance Calculatoru
(2020) duljina je 3448 km. OCito da
smo i mjerenjem na Google Mapsu do-
bili duljinu oslobodenu deformacija
projekcije.

Za mjerenje povrsine Grenlanda
kliknemo desnom tipkom misa na
pocetnu tocku i izaberemo Izmjeri
udaljenost. Priblizno smo pratili
obalnu liniju Grenlanda i zavrsili na
pocetnoj tocki. Tada se u posebnom
okviru ispiSe ukupna duljina obalne
linije 8021 km i povrS§ina 2 146 522
km? (slika 2). Prema Wikipediji
(2020a) povrsina Grenlanda je 2 166
086 km? pa je olito da je mjerenjem
povrsine na Google Mapsu dobivena
povrsina na elipsoidu, dakle oslobo-
dena deformacija projekcije. Spo-
menimo da je na karti u web-Merca-
torovoj projekciji Grenland po
veli¢ini samo nesto manji od Afrike
iako je od nje oko 14 puta manji.
Prema Wikipediji (2020b) Afrika ima
povrsinu od 30 370 000 km?,

Za mjerenje duljina i povr$ina u
Google Earthu biramo PrikaZi ravnalo
na traci s alatima. U okviru koji se
pojavi biramo Linija i za jedinice kilo-
metre. [zmjerit ¢emo duljinu izmedu
Kuala Lumpura i DZakarte klikom na
Kuala Lumpur i potom na DZakartu.
Dobivena je duljina od 1178 km (slika
3). Prema Distance Calculatoru (2020)
taje duljina 1175 km.

Da se mjerenjem duljina na kar-
tama Google Eartha dobivaju veli¢ine
na elipsoidu, pruzit ¢emo jo§ jedan
dokaz. Izmjerit ¢emo na karti he-
misfere duljinu luka ekvatora iz-
medu meridijana s duZinama A =
-30° i 2 = 30° i duljinu luka meridi-
jana izmedu paralela sa Sirinama ¢
=30°1i ¢ = -30°. Za duljinu luka na

L
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Fig. 4 Measuring area in Google Earth.
Slika 4. Mjerenje povrSine na Google Earthu.
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Slika 5. Ispis geodetskih koordinata u Google Mapsu.
Fig. 5 Display of geodetic coordinates in Google Maps.
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Slika 6. Geodetske koordinate u Google Earthu.
Fig. 6 Geodetic coordinates in Google Earth.

ekvatoru mjerenjem smo dobili
6673 km (to¢na duljina 6679 km), a
za duljinu luka na meridijanu 6649
km (to¢na duljina 6640 km). Zbog
spljostenosti Zemlje na plovima,
duljina luka na ekvatoru dulja je od
one na meridijanu. Pogreska mje-
renja duljine luka na ekvatoru je
samo 0,09 %, a na meridijanu 0,13 %.

Za mjerenje povrsine biramo
Poligon, za jedinicu Perimetra tj. op-
sega kilometre i za jedinicu Podru-
&a, tj. povrSine kvadratne kilome-
tre. Za duljinu obalne linije Austra-
lije dobiveno je 13 938 km, a za
povrsinu 7 599 812 km?, Prema Wi-
kipediji (2020c) povrSina Australije
je 7692 024 km?. S obzirom na to da
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Wikipedia (2020c), the area of Aus-
tralia is 7,692,024 km2 Since we were
using a small-scale map and only
traced the coastline of Australia
roughly, and since the area we
measured only differed from the ex-
act one by 1.33%, we concluded that
our measurement corresponded to
the area on the ellipsoid.

How were the distances and areas
in the above examples calculated? If
you right-click anywhere in Google
Maps and select What’s in here? a pop-
up box shows the name of the object
and its geodetic coordinates down to
six decimal points (Figure 5) or in de-
grees of minutes and seconds down to
tenths of seconds.

In Google Earth, on the lower part
of the screen the geodetic coordin-
ates which correspond to the cur-
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smo mijerili na karti sitnog mjerila i
samo priblizno obilazili obalnu liniju
Australije i da se izmjerena povr$ina
razlikuje od tone za samo 1,33 %,
mozemo zaklju¢iti da smo mjere-
njem dobili povrsinu na elipsoidu.

Postavlja se pitanje kako su izra-
Cunane duljine i povrsine u prethod-
nim primjerima. Klikne li se u Google
Mapsu desnom tipkom miSa na bilo
koju tocku i izabere Sto je ovdje? u po-
sebnom okviru ispisuje se ime objekta
i geodetske koordinate u stupnjevima
sa Sest decimala (slika 5) ili u stupnje-
vima minutama i sekundama s pre-
cizno$¢u od desetinke sekunde.

Na Google Earthu u donjem dijelu
ekrana stalno su vidljive geodetske
koordinate koje odgovaraju trenut-

L

nom poloZaju kursora na ekranu.
Koordinate su ispisane u stupnjevi-
ma, minutama i sekundama s preciz-
nos¢u od stotinke sekunde (slika 6).

Logi¢no je pretpostaviti da se
duljine i povrs$ine u Google Mapsu i
Google Earthu ratunaju na elipsoidu
jer su za sve toCke poznate geodet-
ske koordinate. U literaturi su
objavljene formule za ralunanje
duljine geodetske linije i povrSine
poligona na elipsoidu (Wikipedia
2020d). Postoje i algoritmi i softver
za racunanje duljina geodetskih li-
nija na elipsoidu (PROJ 7.0.0 2020) i
povr§ina poligona na elipsoidu
(MathWorks 2020).

To $to se duljine i povrsine racu-
naju na elipsoidu ne znaci da su kar-
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tografske projekcije izbjegnute. One
su neizbjezne za sve prikaze na
ekranu racunala. Jedino kada je pri-
kaz na ekranu u odredenoj karto-
grafskoj projekciji, mogudée je kli-
kom na pojedinu tocku iz projekcij-
skih koordinata inverznim karto-
grafskim jednadZbama izracunati
geografske ili geodetske koordinate.

Na kraju treba re¢i da se duljine i
povr$ine mogu odredivati mjere-
njem na kartama u bilo kojoj pro-
jekciji ako se pri tome uzimaju u
obzir deformacije projekcije. Na taj
je nacin ve¢ 1993. odredena povrsi-
na hrvatskog mora i otoka s karte
mjerila 1: 1 000 000 u Gauss-Kriige-
rovoj, dakle konformnoj, projekciji
(Lapaine i dr. 1993).
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