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MobIne6ydigHUx NiONpuemMcms.

V crarri npoaHanizoBaHO 30yT JIEFKOBHX aBTOMOOLNIB
Ta BUSIBJICHO (haKTOPH 1HHOBALIHHOI JIisTIBHOCTI BUPOOHUKIB
Ta JWIEpiB, SIKi BIUIMBAIOTH Ha HBOTO. 3a pe3y/bTaTaMH JI0-
CITIJUKEHHs BUSBJICHO TPU BUJM IOIHUTY HA JIETKOBI aBTO-
MOOUII: KIIACMYHUHA, HOBOpiUHMH Ta ociHHIH. Otpumano
MPOTHO3M MPOJAXY NMEBHUX MOMYIAPHUX B YKpaiHi Mapok
JIETKOBHX aBTOMOOLIIB Ha 2014 pik.

Kurouogi cnosa: mudysis iHHOBaIH, MaTeMaTHYHE MO-
JICIIIOBaHHsI, CE30HHICTb IOIHUTY, IEKOMIIO3HILS 4acOBOTO
psiny, aBTOMOOiIe0yAiBHI MiNPUEMCTBA

Awxuna O.M. Mooenuposanue ougpdyzuu unnogayuii
agmMoMoOUNECMPOUMENbHBIX NPEONPUSMUIL

B crarpe nmpoaHaIM3upoBaHbI IPOJAXKH JIETKOBBIX aBTO-
MOOWMICH W BBISBICHBI (DaKTOPhl HMHHOBALOHHOW Jesi-
TEJIBHOCTH HPOU3BOAUTENEH U JHIEPOB, KOTOPBIE BIIHSIOT
Ha HUX. 1o pe3ynbratam MCClIeOBAaHUS BBISBICHO TPU BH-
Jla CIpoca Ha JIETKOBBIE aBTOMOOWIM: KJIACCHYECKUH, HO-
BOroJHMUN U oceHHUH. [loaydeHsl IpOrHo3bl NPOJaxX oIpe-
JIETICHHBIX MOMYJISAPHBIX B YKpanHe MapoK JIErKOBBIX aBTO-
mobueit Ha 2014 rox.

Knrouegvle cnosa: nuddy3us WHHOBAIMM, MaTeMaTH-
YEeCKOe MOJIEIUPOBAHUE, CE30HHOCTH CIIPOCA, JEKOMITO3H-
LT BPEMEHHOTO psijia, aBTOMOOWIIECTPOUTENbHBIE MpeN-
TPHUATHS

Yashkina O.1. Modeling of auto companies ‘innovationsd
iffusion.

The paper analyzes passenger cars sales and identifies
factors of manufacturers’ and dealers'innovation activity
that affect them. The study identifies three types of demand
for cars: classic, Christmas and autumn. Sales forecasts for
certain popular brands of cars Ukraine for 2014 are
obtained.
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redicting of the market conditions’ future

trends, with the demand for products, with

consumer preferences is an important task

and a big challenge for marketing experts.
The market usually develops spontaneously and
unpredictably. There are factors that can not be
predicted. How will they act, what impact ahould we
expect from them — this question has no right answer
in advance.

But the study of trends that have already formed in
the market allows us to construct models. The
situation in the domestic automotive market is not
optimistic in recent years. The demand for domestic
cars does not satisfy neither the manufacturer nor the
dealer. Therefore, there are protective mechanisms of
Ukrainian manufacturers, as high duties on imported
cars and utilization fee. Mathematical tools for
domestic cars’ demand prediction should provide
instruments for sales and promotion control.

Analysis of recent research and publications

In today's publications automotive enterprises’
management strategies are more analyzed. Choosing a
strategy is based on a policy of protectionism [3], or
under the crisis [8], or with the use of modern
technology [9]. Current trends in demand for
passenger cars in Ukraine, and domestic cars’ export
potential considered in works of: Kryvokon O.H.,
Bondarenko A.I. and Omelchenko O.V. [5, 6], but the
material is too general and does not apply to specific
car brands.

Unsolved aspects of the problem

Current passenger cars market’s development
trends, changes in consumers’ demand and in their
preferences bring corrective amendments to the
classical theory of product life cycle. It significantly
reduces at high market dynamics. This situation
requires a detailed study of fluctuations in demand for
passenger cars and its impact factors.

The purpose of the article is the to classify the
demand for passenger cars basing on innovation
policy of the manufacturer.

The main material of the research

The most famous domestic automobile
manufacturer with complete production cycle is PJSC
"Zaporiz'kyj Automobile Building Plant". Zaporiz'kyj
Automobile Building Plant produces five models of
passenger cars under the brand ZAZ: ZAZVida ZAZ
Forza, ZAZ Sens, ZAZ Lanos, ZAZ LanosPick-up.
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Let us consider the dynamics of sales of these brands
in Ukraine (Fig. 1-3) [1].

As seen in Figures 1-3, the dynamics of Ukrainian
cars’ sales is unstable. It is characterized by sharp

fluctuations in demand, which are connected with the
seasonal component, as well as with the commodity
and price innovations of manufacturers and dealers.
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Fig. 1. Dynamics of ZAZ Sens and ZAZ Lanos sales, pc.
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Fig. 2. Dynamics of ZAZ Forsa sales, pc.
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Fig. 3. Dynamics of ZAZ Vida sales, pc.

In 2013 the sales leader (ZAZ Lanos) gave way to
his "brother" — ZAZ Sens. From 2006 to 2011, ZAZ
Lanos according to the results Of Ukrainian
automobile rating "Autorating" held the title of
"absolute leader in sales" [7]. It is likely, that "crazy"
popularity of ZAZ Sens is because of its appearance
in hatchback (February 2012). As well as fact that the
company and dealers hold the lowest price for this

brand in the class C (up to 100 thousand UAH) —
56900 UAH.

The most popular car models in Ukraine in 2013
were (table 1.):

As can be seen from Table 1, ZAZ Lanos and
ZAZ Vida are in the top ten sales leaders. ZAZ Vida
started on the market in February 2012 and thanks to
its modern design, high technical characteristics and
proper promotion over 2 years entered the top ten.

Table 1. Bestsellers in Ukraine in 2013 [according to 1]

Place Name The sales volume, pc
1 ZAZ Sens 6611
2 HyundaiAccent 5611
3 Geely CK 4961
4 GeelyEmgrandEC7 4673
5 Geely MK 4600
6 KIA Rio 5463
7 RenaultLogan 4495
8 VolkswagenPolo 4486
9 ZAZ Vida 4027
10 ZAZ Lanos 3947
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ZAZ Forsa entered the Ukrainian market in
February 2011, and in February 2012 received the
title of "best affordable car for 2011". In 2011,
Forsa’s sales amounted to 2433 units (19 in the
rating), and in 2012 — 3257 units (16 in the rating).
But after two years of popularity "wave" the attention
of consumers to the Forsa brand rapidly fell. Its sales
in 2013 decreased by more than 2 times compared to
previous years — 1353 units.

Innovative automotive products have different
trends in diffusion. To get more information, to obtain
fundamental models of diffusion of innovations in

passenger car market let us consider the sales’
dynamics of other car brands.

The demand of Ukrainian car lovers for Geely cars
in 2013 increased by 35.8% compared to 2012. It is
the only manufacturer of top ten, which reached a
significant increase in sales. Chinese cars coming off
the assembly line of Kremenchug car assembly plant
are aimed to meet the needs of consumers in all
vehicle classes — from budget Geely CK (Figure 4) to
conditionally luxury GeelyEmgrandEC7 (Fig. 5).
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Fig. 4. Dynamics of sales Geely CK, units
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Fig. 5. Dynamics of GeelyEmgrandEC?7 sales, units

Pricing policy of Geely cars’ manufacturer and
dealers is directed at market capturing. Thus, the
manufacturer keeps the price of 55900 UAH on the
budget car Geely SC, moreover, Geely prices have
not changed even with the introduction of utilization
fee. This price policy allows to maintain sales in the
growing trend.

GeelyEmgrandEC?7 is the crossover with a 1.8 liter
engine, costing from 100 thousand UAH. After two
and a half years of the model’s emergence the trust of
Ukrainian people increased, and in December 2013
(the "dead" season) sales reached "historical
maximum" — 761 units.
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From this example it is possible to get a
conclusion about the high price elasticity of demand
of domestic consumers for passenger cars. But let me
consider a few more examples. In April 2011, the
Ukrainian market was struck by a new design of the
popular Hyundai sedan. South Korean car got
aggressive traits and due to the new exterior increased
Accent sales in several times (Fig. 6). The market’s
attention to distinct Hyundai cars’ design does not
decrease over two years, and in April 2013 Accent
sales reached 948 units.

—KIA Rio
>Hyundai Accent

Fig. 6. Dynamics of HyundaiAccent and Kia Rio sales

149



[ndopmariiiHe Ta MaTeMaTHIHE 3a0€3M1CUCHHS CKOHOMIYHHX IIPOLIECIB

Information and mathematical support of economic processes

The closest Hyundai’s competitor is the KIA,
which is also South Korean company, in January
2012, it radically changed the design of the popular
sedan Rio, it became similar to the "aggressive"
Accent. The market immediately reacted to more than
double sales (Figure 6). In 2013 these brands had
identical sales. So radical design changes result in
"jumps" of demand, much higher than thanks to the
price discount.

Let us consider a few more examples. A popular
in Europe passenger car Ford Fiesta (second highest
rating in 2013) is not included in the most popular
cars top ten in Ukraine. Its sales in Ukraine are stable
and have a small increasing trend (Fig. 7).
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The market interest is kept by FordFiesta car
developers by design changes and technological
improvements. Thus, in 2012 the car’s design was
improved, and in 2013 the car was equipped with a
new 1.0-liter engine with 100 hp. (Ecoboostturbo), as
well as with the Auto-Start-Stop system, which
together allow to save up to 30% for fuel costs. These
changes have led to positive changes in demand, but
significant "jumps" were not observed.

The last example: let us consider the dynamics of
sales of popular brand in Ukraine — Skoda Fabia
(Fig. 8).
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Fig. 7. Dynamics of FordFiesta sales, units
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Fig. 8. Dynamics of SkodaFabia sales, units

Czech car manufacturer Skoda is now a part of
German concern Volkswagen. Therefore Ukrainian
consumers prefer European car quality. Affordable
price for Skoda Fabia cars, their efficiency and
technological equipment have made them popular
among young people. In 2012, the Fabia has
undergone some improvements in design, which led
to a slight increase in demand, but later, in 2013,

Skoda Fabia was not improved either in technology or
in the design or in bright promotion so sales declined
even compared to 2011 year.

According to given examples, we can form the
table showing the impact of changes in design,
technology and prices on demand. (Table 2)

Table 2. The influence of technological, design and price changes for automotive demand

Ne Brand Demand | Design improvement Technologlcal Pricing policy Result
improvement
one of the
In 2012 came in minor lowest prices - leader in sales in
! ZAZ Sens / hatchback improvements from UAH 2013
56900.
entered the market in modern 36-106 in two years
2 ZAZ Vida / February 2012 Wlth a technological thousand UAH | entered the top ten
modern design weapons
rapid fall from the
. . 70-90 thousand first position in
3 ZAZ Lanos \ minor minor UAH 2006-2011 to the
10thin 2013
one of the . .
4 Geely CK / minor minor lowest - from third Ii)rllazcg 11;1 sales
UAH 55900
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Table 2. continuation

entered the market in modern 100-120 fourth place in the
5 | GeelyEmgrandEC7 / July 201 ltlﬁea modern tecwhg;)rl)(())%llscal thousand UAH | sales rating in 2013
entered the market in modern 76-91 thousand Over less than two
6 Geely MK March 2012 with the technological UAH years, took fifth
modern design weapons place in the top five
. radical redesign in minor 132-181 second place in the
7 HyundaiAccent /-_a 2011 improvements thousand UAH rating in 2013
. Lo . rapid sales growth
. radical redesign in minor 146-171 .
8 KIA Rio / 2012 improvements thousand UAH in the gzalrg 2012-
D . ignificant .
. slight improvement in | . signt . 110-160 steady growth in
9 FordFiesta / 2012 1mpr02\/§1rr;ent in thousand UAH sales
. slight improvement in . 108-170 decline in sales in
10| SkodaFabia | S 2012 minor thousand UAH 2013

The demand for cars is seasonal. Using the
method of "moving average ratio" (decomposition of
time series) we can calculate seasonal influence on it.
In Table 3 there are seasonal indices that were
calculated according to the monthly sales of discussed

earlier car brands. For the calculation we have chosen
the brands, over the sale of which there is a data for
four years — from 2010 to 2013. For lesser period the
calculations are not sufficiently reliable.

Table 3.Seasonal indexes of car sales

KIA Rio SkodaFabia | HyundaiAccent | ZAZ Lanos | ZAZ Sens | Geely CK | FordFiesta
January 0,81 0,55 0,40 0,61 0,50 0,73 0,85
February 0,71 0,59 0,43 0,61 0,51 0,71 0,48
March 1,44 1,05 0,84 0,84 1,24 1,36 0,88
April 1,54 1,21 1,20 0,88 1,16 1,26 0,83
May 1,02 1,04 1,30 1,06 1,11 0,66 0,73
June 1,05 0,97 1,18 1,10 1,06 0,64 1,13
July 1,09 1,16 1,32 1,06 1,46 1,25 1,07
August 1,17 0,90 1,05 1,18 0,92 0,92 1,08
September 0,82 0,83 1,18 1,13 0,72 1,25 1,54
October 0,87 1,14 1,00 1,10 0,76 1,01 1,38
November 0,70 1,28 0,91 1,11 0,68 0,81 0,97
December 0,64 1,30 0,76 1,03 0,72 1,46 0,88

Seasonality of demand for new cars has a different
character. In all cases there is a sharp drop in demand
in January and February, then — spring "boom" and
then there are very different trends.

We have identified three types of seasonal demand
for cars:

— Classical;
— Christmas;
— Autumnal.

[ N

Classic demand, in our view, is own by the
following car brands: KIA Rio, Hyundai Accent and
ZAZ Sens (Fig. 9). The maximum sales in this case
occur in the spring months, than there may be also a
"summer wave". This schedule of seasonal indexes
characterizes the demand for popular cars. Consumers
are buying novelties in the sales season, but not
during closeouts prices.
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Fig. 9. Seasonal indexes of classic car demand
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Demand that we called "Christmas" present trends
in selling such brands of cars like Skoda Fabia and
Geely CK (Fig. 10). During Christmas Sale seasonal
indices of these models reached 1.3 and 1.46, so the
sales in December exceeded the average for the year
by 30-46%. Spring demand for these brands is also

high, but does not reach the level of December. This
graph, in our opinion, characterizes the demand of
maximum price gains. This car attracts consumers by
the discount price, not by specification or design.
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Fig. 11. Seasonal indexes of maximum "autumnal" demand

"Peak" seasonal indexes in the third group go
through late summer — early autumn. For example,
the maximum sales of the Ford Fiesta are in
September (index 1.54) and in October (index 1.38),
and of the Lanos — August (index 1.18) and
September (index 1.13). During this period, car
dealers are beginning to offer discounts, but not as
significant as in the new year period. In our view,
such a demand characterizes discerning consumers

who are not in a hurry to purchase car in the spring
season, but expect discounts of the season, but not
final closeouts.

By dividing the outgoing sales data of car brands
in the seasonal indexes from the table 3, and using
tabular processor Excel’s service "Data Analysis", we
got the equation of the linear trends in car sales for all
brands considered (Table 4).

Table 4. Linear trends in car sales

Car brand | The equation of the trend | Interpretation
Classical demand
KIA Rio ¥ = 31,09 + 10,32t Expected sales excluding season — 10 cars per month in average
Hyundai Accent Y =25261+9,31¢t Expected sales excluding season — 9 cars per month in average
3A3 Sens ¥ = —108,66 + 19,69t Expected sales excluding season — 20 cars per month in average
Christmas demand
Skoda Fabia Y =161,51 +2,22¢t Expected sales excluding season — 2 cars per month in average
Geely CK ¥ =14281+7,37¢ Expected sales excluding season — 7 cars per month in average
"Autumnl" demand
Ford Fiesta Y = 206,24 + 0,81t Expected sales excluding season — 1 car per month in average
Lanos ¥ =1078,34 — 14,42t Expected sales excluding season — 14 cars per month in average

The most promising group of cars is classic
demand type. Sales growth excluding seasonality is
expected from 9 to 20 cars in a month. In the second
group — Christmas demand — there are less optimistic
forecasts — from 2 to 7 cars per month excluding
seasonal. In the third group — the "autumnal" demand
— there are the most pessimistic predictions —
increasing demand for one car per month, or a
decrease of 14 cars.

According to the obtained trends for each model
we can construct forecasts for the trend (excluding
seasonality), and also multiplying the trend to

seasonal indexes (including seasonality). We built
four forecasts (Table 5).

For example, for the popular Hyundai Accent and
ZAZ Sens the 2014 forecasts, based on
seasonality,are quite optimistic (Fig. 12, 13).

Noticeable difference between the forecasts and
initial data on the prehistory interval is due to the
sharp "jumps" of demand in early 2011 in the
Hyundai Accent model and in early 2012 in the ZAZ
Sens model.

In the more stable cases forecasts are usually
almost identical to the original data on the prehistory
period.
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Table 5 Forecasts based on seasonality for certain vehicle models, units

Hyundai Accent ZAZ Sens Geely CK Ford Fiesta
Jan.14 284 428 365 209
Feb.14 309 447 361 118
Mar.14 611 1110 701 218
Apr.14 884 1062 658 206
May 14 970 1038 350 182
Jun.14 891 1012 344 282
Jul.14 1009 1422 680 268
Aug.14 813 914 507 272
Sep.14 924 730 699 389
Oct.14 793 785 572 349
Nov.14 730 716 465 246
Dec.14 617 772 848 224
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Fig. 12. Initial data and forecast for Hyundai Accent
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Fig. 13. Initial data and forecast for ZAZ Sens

Thus, in the Ford Fiesta we can see more accurate

model, but the rapid decline in sales in 2011 affected

500

the fluctuation in the direction of reduction (Fig. 14).
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Fig. 14. Initial data and forecast for FordFiesta

The most accurate predictions, in our opinion,
were obtained by decomposition of the time series for
GeelyCK, showing a steady increase in demand since
2010. In Fig.15 it is noticeable that the forecast for the

prehistory period repeats the output data’s fluctuation
exactly. Therefore, we can assume that the prediction
in this case is also the most accurate of all the above
examples.
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Fig. 15. Initial data and forecast for GeelyCK

Conclusions strategies for innovation in design and technology.
The demand of cars is affected mostly by successful
design factor; the low price is on second place.
Considering the influence of these factors on demand
manufacturer can plan sales volume.

The tendencies can be considered by dealers and
manufacturers in car sales and production planning, in
the formation of communication and marketing
policy, and most importantly, in the development of
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