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Geographia Napocensis Anul XII, nr. 1, 2018

ROAD NETWORK ANALySIS USING GIS TECHNIqUES IN 
THE INTEREST OF FINDING THE OPTIMAL ROUTES FOR 
EMERGENCy SITUATONS. CASE STUDy: CLUJ-NAPOCA 

(ROMANIA)

KereKeS anna-hajnalKa1

 

Abstract: - Road Network Analysis Using GIS Techniques in the Interest of Finding the Optimal Routes for 
Emergency Situations.Case Study: Cluj-Napoca (Romania) - The city of Cluj-Napoca, the second largest city 
in Romania, is characterized by a rapid, dynamic spatial and demographic expansion which leads to many 
difficulties. The occuring emergencies are directly connected to this phenomenon, and the road network can 
be affected by obstructions, therefore it becomes necessary to assure a faster access to emergency units. The 
aim of this study is to analyze the road network of this municipality and to generate an optimal route model for 
a faster and more reliable access to medical services. By considering the traffic as the most important speed 
constraining factor, we could calculate the response time of the ambulances for the districts of the city.

Key-words: road network analysis, GIS, optimal route, road traffic, Cluj-Napoca 

1 Babeș-Bolyai University, Faculty of Geography, Cluj-Napoca, Romania, annakrks@yahoo.com

1. Introduction

Nowadays, the rapid expansion and urban-
ization of big cities leads to many difficulties. 
The rate of occurrence of problems and accidents 
on the road network are directly proportional to 
population density, the density of traffic and road 
condition (Nicoară et al, 2014), therefore, to solve 
the occuring problems, analyses are needed.

The city of Cluj-Napoca is the second larg-
est city in Romania, with 324 576 inhabitants and 
a very dynamic spatial and demographic expan-
sion, therefore it became disposed to a variety 
of emergency situations. Because of this, it be-
comes necessary to assure a faster and a more 
reliable access to all kind of medical services.

The main purpose of this study is to create 
a road network analysis in order to ease the pro-
cess of reaching emergency situations within dis-
tricts (the accident locations were marked with a 
central point within them). The urban transport 
system is very complex, influenced by many fac-
tors (traffic, accidents, intense commuting, road 
quality etc.). The most important factor, which 
we considered within this case study, is the traf-

fic (the most significant contemporary problem), 
influencing the speed of the vehicles. Therefore, 
taking into consideration this matter, we can ren-
der a hypothetical-mathematical model in order 
to calculate the necessary time in each district, 
from the accident to the nearest emergency unit.

2. Study Area

The study area is represented by the city of 
Cluj Napoca. From geographic point of view, the 
city is located in the heart of Transylvania (Fig.1), 
at the intersection of the 46o46’N paralel with the 
23º36’E  meridian. The relief and the hidrography 
were the main features which influenced the dis-
tribution of the road network (perpendicular roads 
are travelling down on the two lateral hills to the 
longitudinal main axis of the city), also, the major 
transport axes were developed from East to West, 
along the main river (Someș River) (Nicoară et al, 
2014). These are the most crowded arteries, sup-
porting the main connection with other large cities 
across Transylvania, such as Baia-Mare, Oradea, 
Zalău, with an average daily traffic of 84.390 ve-
hicles. (Ivan et al, 2015).
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A second transport axis became available 
from North to South in order to facilitate the 
access to other cities in the region, such as Dej, 
Turda, Aiud and Alba-Iulia. The entire network 
has a radial shape (Cocean et al, 2008, Nicoară  
et al, 2014). 

The city’s road network has a few dys-
functions, the most relevant one being the traffic 
caused by the intense commuting (Cluj-Napoca 
is an important economic centre). The biggest ve-
hicle flow can be found on the below mentioned 
arteries/streets: Calea Florești, Calea Mănăș-
tur, Primăverii St., Izlazului St., 1 Decembrie 
1918 Blvd., Plopilor St., Splaiul Independenței, 
George Coșbuc St., Donath St., General Eremia 
Grigorescu St., Calea Moților, Memorandumului 

St., Napoca St., Unirii Square, Eroilor Blvd., 21 
Decembrie 1989 Blvd., Regele Ferdinand St., 
Horea St., Mihai Viteazu Square, Avram Iancu 
St., Ștefan cel Mare Square, Calea Turzii, Ob-
servatorului St., Frunzișului St., Eugen Ionesco 
St., Bună Ziua St., Fagului St., Nicolae Titulescu 
Blvd., Unirii St., Calea Dorobanților, Aurel Vla-
icu St., București St., Fabricii St., Oașului St., 
Maramureșului St., Gării Square, Traian Vuia St.

We can notice the fact that, in the absence 
of a bypass belt, the traffic transit takes place 
within the main city arteries, especially to the 
North and North-East side causing damage to 
the surrounding environment and creating traffic 
jams across the entire sector (Fig.2.) (The Urban-
istic Plan of the city Cluj-Napoca, 2014).

Fig. 1. The geographic position of the city
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Road network analysis using GIS techniques in the interest of finding the optimal routes for emergency situatons.
Case study: Cluj-Napoca (Romania)

3. Methodology and Data Collection

Generating the shortest path between two 
locations in a road network is a problem that can 
be solved by various map services and commer-
cial navigation products (Lingkun et al, 2012). 
Therefore, the classic solution for generating the 
shortest paths is Dijkstra’s algorithm (Djikstra, 
1959). Many applications were developed to 
solve this specific problem: Haidu I. and Haidu 
C., Ivan et al, Nicoară et al, Lindeskov et al. All 
of them are based on Djikstra’s algorithm.

 In this case study, we used weighted graphs 
(represented by the road network) in order to ob-
tain analyses closer to reality. We used time as 
impedance, because the shortest route in terms of 
distance doesn’t always mean the shortest route 
in terms of time. 

Therewith, it is very important to mention 
the fact that, we didn’t take into consideration the 
roads with one way, because they are considered 

an exception by the emergency services. There-
fore, the city’s road network represents an unori-
ented, yet weighted graph. Our rendered model is 
based on vector data.

 3.1. Spatial Database
For this research, we used a wide range of 

data, represented by a spatial database (Table.1.). 
The database includes the administrative limit of 
the city, the limits of districts, road network, ac-
cidents and emergency units/hospitals and ambu-
latories. These data collections were obtained by 
downloading and vectorising free databases. Af-
ter downloading the data, we used a set of topo-
logical rules in order to obtain a correct database. 
These datas are forming a dataset, included into a 
geodatabase (having the same coordinate system, 
Stereo 70) for a better space management (Bilaș-
co et al, 2017).

 Observed data includes data about traffic, 
which were collected during 5 weeks: December 

Fig. 2. Vehicle flow on the main arteries
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18-26, January 1-7, February 1-7, March 23-30 
and April 10-17, 2017 (these periods include hol-
idays, like Christmas and Easter). With these 
data, we could create different statistics in order 
to understand the road traffic.

In order to fully render the network anal-
ysis, a list containing all the hospitals and emer-
gency units in the city was needed. Based on a 
study made by Nicoară and Haidu in 2014, on 
the urbanistic plan of Cluj-Napoca and on Goog-
le Earth data, we could identify 14 ambulatories 
and 15 hospitals (Fig.3.)

After the completion of the above-men-
tioned steps, we introduced the most important 
element in the geodatabase, the traffic, which 
represents the base of the spatial analyses. The 
traffic data were obtained via the Google Maps 

Traffic app on Android. The app shows traffic 
data in real time on the main arteries of a city as 
well as the estimated time needed to reach differ-
ent destinations within traffic jams. Google Maps 
Traffic uses GPS signal data from smartphones 
in order to sustain such an immense algorithm. It 
also calculates the speed of the users, thus iden-

Table.1.  Spatial Database

No. Name Tipe Structure Source

1 Urban limit Vector Poliygon Urbanistic plan of 
Cluj-Napoca

2 District limit Vector Polygon
The real estate brochure of 

Cluj-Napoca, 2014

3 Road network Vector Polyline OSM
Google Earth

4 Accidents Vector Point -

5 Emergency units, 
hospitals,

ambulatories

Vector Point -

Fig.3. Emergency units and hospitals
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Road network analysis using GIS techniques in the interest of finding the optimal routes for emergency situatons.
Case study: Cluj-Napoca (Romania)

tifying the affected routes (How Does Google 
Maps Know About Traffic Conditions?, 2017).

Based on Google’s traffic application, 
we’ve managed to classify the traffic on four ma-
jor categories:

Category I - Represented by the green col-
our in the app (no traffic congestion)

Category II - Represented by the yellow 
colour in the app (medium traffic congestion)

Category III - Represented by the red col-
our in the app (intense traffic congestion)

Category IV - Represented by the dark red 
colour in the app (very intense traffic congestions 
and traffic jams).

The road traffic was observed and analyz-
ed in 5 different time periods in a day: between 
07:00 AM - 09:00 AM, 09:00 AM - 12:00 PM 
(when people go to work,  to school etc.), 12:00 
PM - 04:00 PM (when people come back back 
from work and school), 04:00 PM - 06:00 PM 
and 06:00 PM - 09:00 PM (rush hour, when peo-
ple go shopping) (Ivan et al, 2015). Based on 
these observations, we could notice the fact that 
the traffic was more pronounced in the weekdays, 
rather than in the weekends. In holidays, the ten-
dency is very close to the one in the weekends.

Therefore, we created a database which 
contains the road traffic for four important mo-
ments: weekdays (monday - friday), weekends 
(saturdays - sunday), national holidays and 
Christmas/Easter.

In the attribute table of the road network, 
we inserted all of the gathered observations and 
data as so: for the four moments separately, we 
added 5 short integer fields which represent the 
hours in which we made the observations. Based 
on the map generated by Google Maps Traffic, 
we could notice the characteristic (road traffic 
category) of every single road segment in differ-
ent time periods in a day. After inserting all the 
values, we could calculate the general traffic of 
the four moments, adding a new field (Fig.4.). In 
this field, we calculated the average traffic cat-
egories for each road segment, using the Field 
Calculator tool, therefore 

Average Traffic =           (the traffic cate-
gory between 07:00 AM and 09:00 AM +

 the traffic category  between 09:00 AM 
and 12:00 PM +

 the traffic category between 12:00 PM 
and 04:00 PM + 

the traffic category between 04:00 PM 
and 06:00 PM +

 the traffic category between 06:00 PM 
and 09:00 PM)/5.

Within the Google Maps app, the app cal-
culates the estimated time needed to go through 
a desired route taking into consideration, in real 
time, the existing traffic. In order to determine 
the delay or the speed of each traffic category, 
we’ve approached two methods:

The Theoretical method - within Goog-
le Maps, we selected one road segment (Fig.5.), 
with a given length from each traffic category 
and then we calculated the estimated time by 
„virtually crossing” the selected segment. We 
repeated the process 10 times and from the ob-
tained data, we made an average. Therefore, in 
order to determine the estimated time needed for 
going through 1km (we considered the km as a 
base unit), we divided the driving time with the 
distance of the road segment. The calculations 
gave us the following results: Category I - 1.2 
min/km, Category II - 2 min/km, Category III - 
3.75 min/km, Category IV - 8 min/km.

The Empirical method - we drove across 
segments in every traffic category measuring the 
estimated time needed. The delays were calculat-
ed exactly the same as above, having the next re-
sults: Category I - 1.2 min/km, Category II - 1.92 
min/km, Category III - 3.33 min/km, Category 
IV - 14 min/km.

After we obtained all the data above, we 
made an average from both cases in order to ob-
tain data that is closer to reality: Category I - 1.2 
min/km, Category II - 1.96 min/km, Category 
III - 3.54 min/km, Category IV - 11 min/km.
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Based on these values, we could calculate 
in our database, the estimated time needed for 
the entire road network, taken into consideration 
the traffic. In the case of the ambulances, it is 
not sure that their driving speed will be higher 
than the average one (road intersections, obsta-
cles etc.), therefore, for the network analysis we 
considered that the ambulances have the average 
speed calculated above. 

As a result, we inserted in the geodatabase, 
for every moment, the attributes below:

1. The length of the segment (generated us-

ing Calculate Geometry Tool) and it is measured 
in kilometres.

2. The time needed to cross the segment – 
was calculated using the Field Calculator tool: 
(the length of the segment) * (the value of the 
category in which is part of). Based on this for-
mula, we received a value that has the minute as 
a measure unit.

Therefore, knowing the estimated time for 
crossing each segment apart, we can render (for 
the four moments) an ideal, hypothetical network 
analysis model. 

Fig.4. The attribute table of the road network

Fig.5. The theoretical method (Google Maps Traffic App)
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Road network analysis using GIS techniques in the interest of finding the optimal routes for emergency situatons.
Case study: Cluj-Napoca (Romania)

 3.2. Spatial Analyses and Results

Having all the necessary calculations for 
the estimated time needed to cross the segments, 
we managed to calculate the optimal routes be-
tween accidents and hospitals using the Closest 
Facility tool within the Network Analyst exten-
sion in ArcGIS. The facilities are represented by 
ambulatories and emergency units, the incidents 
are represented by the accidents.

Due to the fact that the analysis is rendered 
on districts (Fig.6.), we need to analyze the sur-
face and the density of the road network in order 
to eliminate the risk of having consistent differ-
ences between values, thus localizing the ipo-
thetic accidents more precisely.

We imposed the condition that the hypo-
thetical accidents must be a central point in every 
district, with an accessibility from every direc-
tion. The ambulance must reach the place of acci-
dent within a certain time period, a maximum of 
8 minutes is considered as the optimum response 
time. (Nicoară et al, 2014 ).

Calculating the surface of the districts that 
have the busiest road networks, we concluded the 
fact that the vast majority of them have surface 
areas between 1.5 km2 and 2.5 km2. Mănăștur, 
Grigorescu and Gheorgheni disrict have surface 
areas larger than 3 km2. These districts were sep-
arated into two equal parts, based on the road net-
work density (Fig.7.). 

In order to realise this analysis, we need to 
determine 3 different response times for 3 dif-
ferent route types: firstly, we need to calculate 
the estimated time needed between the accidents 
(Table 2.) and the closest ambulatory (the imped-
ance is the time). Secondly, we need to determine 

the optimal route between the accident and the 
emergency units, and the final step was to cal-
culate the estimated time needed for transfers 
(Nicoară et al, 2014).

Moreover, known the fact that the ambu-
lance has priority, this will consider the optimal 
route in distance, not knowing the existing traf-
fic. Therefore, traffic represents an obstacle for 

Fig.6. The city’s districts
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the ambulance, thus using the road categories, 
the Network Analyst tool will detour the road 
segments which have the 3 or 4 traffic category. 

In order to prove the accuracy of our data, 
we calculated the optimal routes using imped-
ance as time and also as distance. The obtained 
data was represented by tables and maps. 

For the four moment, we calculated the op-
timal solutions for the above mentioned tree cas-

es (ambulatory-accident, accident-emergency unit 
and transfer), with two impedance cases. From 
these data we obtained three average response 
time.

As an example how we calculated the datas 
for the four mentioned moments, in the case of 
weekdays (the first moment), the optimal routes 
between the ambulatory and accidents (Fig.8) 
[Table 3.], accidents and emergency units (Fig.9.) 

Fig.7. Road network density

Table 2. The coordinates of the ipothetical accidents

Accident Coordinate Accident Coordinate Accident Coordinate Accident Coordinate

1 23,6461550E
46,7433476N

7 23,57727E
46,77836N

13 23,6344510E
46,7788206N

19 23,54791E
46,76990N

2 23,5896426E
46,7330881N

8 23,62115E
46,78829N

14 23,6254554E
46,7646376N

20 23,56345E
46,77152N

3 23,5877627E
46,7453714N

9 23,61730E
46,77108N

15 23,6154378 E
46,7449588N

21 23,569E
46,78812N

4 23,58574893E
46,7554526N

10 23,61263E
46,78065N

16 23,6020333E
46,7490537N

22 23,66855E
46,758N

5 23,60269891E
46,7612465N

11 23,61987E
46,80288N

17 23,55898190E
46,7517509N

23 23,66294E
46,78356N

6 23,59027865E
46,7710874N

12 23,60556E
46,79688N

18 23,55832227E
46,7582305N

Fig. 8.  Optimal routes between ambulatories and accidents; in first case the impedance is time, in the second 
case, impedance is distance
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Road network analysis using GIS techniques in the interest of finding the optimal routes for emergency situatons.
Case study: Cluj-Napoca (Romania)

[Table 4.]  and for transfer (Fig.10) [Table 5.] are 
the following:

Based on the above mentioned example, 
and rendering the algorithm for the four moment, 
we can calculate, for every individual district, 
the average response time of ambulances (Table 
6,7,8) and an average traffic for each road seg-

ment. We can further notice the fact that the re-
sponse time is less than 8 minutes, a methodology 
than can be applied in real-life. The district with 
the fastest response time is Zorilor with a good 
average rate of 0.35 min (due to the increased 
number of emergency units available) (Table 6.).

[Table 3.] Optimal routes (in minutes) between ambulatories and accidents

Nr. 
route

Estimated time 
(impedance =

time)

Estimated time
(impedance =

distance)

Nr. route Estimated time 
(impedance =

time)

Estimated time
(impedance =

distance)

1 6,65 min 7,42 min 13 3,64 min 4,85 min
2 3,38 min 3,38 min 14 3,03 min 3,77 min
3 1,72 min 1,72 min 15 4,67 min 4,67 min
4 0,45 min 0,45 min 16 3,19 min 3,46 min
5 1,64 min 1,64 min 17 4,16 min 4,54 min
6 1, 26 min 1,45 min 18 3,44 min 3,93 min
7 1,61 min 1,61 min 19 4,39 min 4,43 min
8 1,77 min 1,77 min 20 2,61 min 2,66 min
9 1,63 min 2,36 min 21 2,60 min 2,60 min
10 1,85 min 2,11 min 22 7,67 min 8,93 min
11 3,83 min 4 min 23 6,31 min 9,99 min
12 1,92 min 1,92 min

Fig. 9.  Optimal routes between accidents and 
emergency unit

Fig.10. Optimal routes for transfer
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Table 4. Optimal routes (in minutes) between accidents and emergency units

Nr. Estimated time 
(impedance=

time)

Estimated time
(impedance=

distance)

Nr. Estimated time 
(impedance=

time)

Estimated time
(impedance=

distance)
1 9,15 min 10,89 min 13 6,64 min 8,40 min

2 5,67 min 6,39 min 14 5,93 min 6,91 min

3 4,00min 4,72 min 15 7,08 min 7,80 min

4 2,26min 2,80 min 16 5,46min 5,85 min

5 3,59min 3,97 min 17 4,17min 4,50 min

6 1,73min 2,06 min 18 3,44min 3,89 min

7 3,69 min 4,59 min 19 4,67 min 5,07 min

8 5,91 min 7,00 min 20 2,89 min 3,29 min

9 4,63 min 6,34 min 21 5,98 min 8,57 min

10 4,42  min 6,75 min 22 10,67 min 12,91 min

11 7,81 min 9,94 min 23 10,36 min 13,71 min

12 5,90 min 7,87 min

Table 5. Optimal routes for transfer (in minutes)

Nr. Estimated time 
(impedance =

time)

Estimated 
time

(impedance =
distance)

1 1,62 min 1,62 min

2 3,17 min 3,84 min

3 4,84 min 5,63 min

4 2,72 min 3,26 min

5 1,27 min 1,73 min

6 0,63 min 0,63 min

7 1,87 min 2,12 min

8 3,49 min 4,29 min

9 1,52 min 1,64 min

10 0,65 min 0,65 min

11 2,99 min 4,26 min

12 2,13 min 2,32 min

13 2,52 min 3,43 min

14 3,27 min 4,64 min



GEOGRAPHIA
 N

APOCENSIS A
n X

II, 
nr.

 1/
20

18
 

ge
og

rap
hia

na
po

cem
sis

.ac
ad

-cl
uj.

ro

67

Road network analysis using GIS techniques in the interest of finding the optimal routes for emergency situatons.
Case study: Cluj-Napoca (Romania)

Table 6. Average response time for the districts

District Time District Time

Borhanci 6,02 min Între Lacuri 3,54 min

Făget 3,36  min Becaș 4,36 min

Europa 1,70 min Bună Ziua 2,74 min

Zorilor 0,35 min Mănăștur 3,31 min

Andrei Mureșanu 1,51 min Grigoresu 2,96 min

Centru 1,06 min Dâmbul Rotund 2,63 min

Gruia 1,62 min Sopor 7,19 min

Bulgaria 1,67 min Someșeni 6,07 min

Gheorgheni 2,06 min

Mărăști 1,79 min

Valea Chinteni 3,76 min

Iris 1,93 min

 Table 7.  Average response time between accidents and emergency units

District Time District Time

Borhanci 8,08 min Între Lacuri 5,97 min

Făget 5,59 min
Gheorgheni  II (nr 14 

accident) 5,02 min

Europa 3,93 min Becaș 6,28 min

Zorilor 2,11 min Bună Ziua 4,60 min

Andrei Mureșanu 2,92 min
Mănăștur

(nr 17 accident) 3,88 min

Centru 1,39 min
Mănăștur

(nr 18 accident) 2,99 min

Gruia 3,39 min
Grigoresu

(nr 19 accident) 4,52 min

Bulgaria 5,44 min
Grigorescu

(nr 20 accident) 2,88 min

Gheorgheni I (nr 9 
accident) 3,92 min Dâmbul Rotund 5,46 min

Mărăști 4,01 min Sopor 9,66 min

Valea Chinteni 7,34 min Someșeni 9,46 min

Iris 5,46 min
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4. Validation

In order to validate our proposed routes, we 
crossed all of the three stages done by the ambu-
lance, with a vehicle. Those routes were crossed 
every day between 12:00 PM and 04:00 PM for 
two weeks, because at this specified time the 
traffic was modest. In some cases, routes were 
crossed in the opposite direction (from the acci-

dent to the hospital) because of the fact that we 
didn’t have the priority that ambulances have, so 
we couldn’t be able render them properly. 

The obtained data was compared with the 
average datas obtained above. The results are the 
following:

a. Optimal routes between ambulatory and 
accidents (Table 10.): the average difference be-
tween the real and theoretic response time is 0.58 
min 

Table 8. Average repsonse time for transfer

Route nr. Time Route nr. Time

1 1,04 min 8 2,88 min

2 2,57 min 9 1,06 min

3 4,51 min 10 0,33 min

4 2,45 min 11 2,49 min

5 1,06 min 12 1,47 min

6 0,63 min 13 2,22 min

7 1,51 min 14 2,79 min

Table 9. Optimal routes between ambulatory and accidents

Route nr. Time Route nr. Time

1 8 min 13 4,1 min

2 4,5 min 14 3,9 min

3 2 min 15 5,2 min

4 1,2 min 16 4,2 min

5 2 min 17 4,8 min

6 1,8 min 18 4,1 min

7 1,8 min 19 5 min

8 2 min 20 3,2 min

9 2,2 min 21 2,8 min

10 2,3 min 22 8,1 min

11 4 min 23 7,2 min

12 2 min
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b. ptimal routes between accidents and the emergency unit (Table 11.): the average difference 
between the real and theoretic response time is 0.79 min 

Table 10. Optimal routes between accidents and emergency units

Route nr. Time Route nr. Time

1 10 min 13 7,2 min

2 6,2 min 14 6,2 min

3 4,5 min 15 7,8 min

4 3,2 min 16 5,9 min

5 4,7 min 17 4,5 min

6 2,3 min 18 4,4 min

7 4,3 min 19 5,6 min

8 6,5 min 20 3,2 min

9 5,3 min 21 6,8 min

10 5,2 min 22 13,4 min

11 8,8 min 23 12,1 min

12 6,3 min

Table 11. Optimal routes between accidents and emergency units

Route nr. Time

1 3,1 min

2 4,2 min

3 5,6 min

4 3,9 min

5 1,6 min

6 1,2 min

7 2,7 min

8 4,2 min

9 2,5 min

10 1,2 min

11 4,5 min

12 3,3 min

13 3,4 min

14 4,6 min

a. Optimal routes for transfer (Table 12.): the average difference between the real and theoretic 
response time is 0.95 min 
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The average time difference is 0.773 min, 
and it can be caused by multiple factors: lack of 
priority, many intersections and crosswalks, in-
frastructure conditions, etc. If we consider that 
the ambulances have priority, these differences 
will decrease, so our analyses become viable.

5. Conclusion and Discussions

The main purpose of this study was to 
create an elaborate and a more complex meth-
odology in order to identify the optimal routes 
for emergency situations. There are many factors 
(road traffic, narrow streets, accidents, infrastruc-
ture condition, one way roads, crosswalks, stops 
etc.) which influences the urban circulation (Ivan 
et al, 2015). All of the above mentioned factors 
are difficult to be considered together if we want 
to realise a mathematical model, so we chose just 
one factor, the traffic, which was included in our 
database.

Using our analyses, we can observe the 
tendency of the vehicle flux in different time pe-
riods. The differences in the tendency are signif-
icant and must be taken into consideration by the 
emergency units to improve the response time.

After the data validation, we could observe 
minor differences between the theoretical and 
empirical results, therefore we can conclude the 
fact that our applied methodology can be used to 
identify the optimal routes for each district.

As an improvement for our analyses, it 
can be taken into consideration a wide range of 
solutions: real time tracking of the ambulances 
(Haidu et al, 2014), directing the vehicle circu-
lation on other routes, new route constructions, 
blocking road sectors, melioration of infrastruc-
ture.

Furthermore, it becomes necessary to im-
plement new planning strategies for road infra-
structure, in order to solve the problems caused 
by traffic jams. Moreover, with the construction 
of new emergency units in the periphery of the 
city, the response time can be improved.
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