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Factors of city private transport decarbonization

The article is devoted to assessing the contribution of greenhouse gas emissions from the transport sector of
large cities and regional centers of the Republic of Kazakhstan. During the investigations we have calculated
emissions from private automobiles in seventeen cities of Kazakhstan; declared the features of spatial differ-
entiation of emissions by city districts; identified main factors of carbon intensity of motor transport in cities;
determined quantitative indicators describing the significance of these factors, and provided an assessment of
the significance of the considered factors. On the example of five representative cities (Nur-Sultan, Almaty,
Shymkent, Ust-Kamenogorsk, Karaganda), the main spatial and geographical reasons for the decrease in the
connectivity of the road network and the basic principles for reducing carbon intensity are identified. The
studies are based on the data of the Committee on Statistics of the Republic of Kazakhstan, including statisti-
cal forms of the fuel and energy balance of the regions; demographic yearbooks; statistical collections con-
taining information on the operation of transport; on the data of the open geoportals “Yandex Probki” and
“Open Street Map”; on the results of GIS-calculations and on the methodological documents approved by
IPCC.
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Introduction

In the context of global climate change, the priority goal of sustainable development strategies for urban
areas should be connected with reduction of carbon intensity, since cities occupy less than 1 % of the area,
but more than 50 % of the world's population is concentrated on them [1]. At the same time, cities consume
about 80 % of all produced energy in the world and emit about 75 % of greenhouse gases (GHG). Within the
framework of international agreements in the field of climate change, most states, including the Republic of
Kazakhstan (RK), have obligations to reduce GHG emissions. Kazakhstan is committed to reducing GHG
emissions by 15 % (non-target) or 25 % (conditional target) by 2030 [2].

Actions aimed at reducing GHG emissions are called climate policy. In Kazakhstan, the goals and
measures to reduce GHG emissions are fixed in such strategic planning documents as [3, 4], master plans of
cities. Climate policy is often limited to measures to reduce GHG emissions from large power generating
plants (CHP, GRES) and industrial facilities. Such objects are much easier to control, and to calculate with a
high degree of certainty the potential effectiveness of climate policy measures.

However, measures to reduce GHG emissions through fuel and energy savings by end consumers can
have an equally tangible effect. For example, in the regional centers of Kazakhstan, the share of GHG emis-
sions associated with the operation of the public utilities (heating and power supply of residential buildings)
and transport sectors varies from 30 % to 90 % of all urban emissions.

Measures to reduce the carbon intensity of the public utilities and transport sectors are being imple-
mented as part of the climate strategies of many cities in Europe and the United States. For example, the
London Development Plan [5] aims to reduce the city's GHG emissions through the implementation of
measures in the utilities and transport sectors by 50-60 %, and the Chicago Climate Action Plan [6] — by
30-40 %.

In Kazakhstan, as also in most post-Soviet states, measures to reduce the contribution of end-users to
the formation of GHG emissions are used rarely, mainly due to the low certainty of their effectiveness esti-
mates. Factors that increase the uncertainty of such estimates include the following circumstances:

1. A large number of scattered sources makes it difficult to inventory the characteristics of each of them
and requires the use of methodological approaches that allow in a generalized form.

2. Often, city governments do not have access to detailed information needed to be used as input data
when calculating GHG emissions.
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3. The effectiveness of measures to reduce GHG emissions in the municipal and transport sectors of cit-
ies significantly depends on natural and geographical factors. Therefore, there are no “universal recipes” for
applying measures. Often, a set of measures that is effective in one city may be completely inapplicable in
another.

4. The effectiveness of measures to reduce GHG emissions in the utilities and transport sectors largely
depends on the willingness of the population to participate in the implementation of such measures.

In this article, we propose a set of methods that allow us to assess the potential contribution of the de-
carbonization of urban transport systems to the fulfillment of the national obligations of the Republic. The
specified set of methods allows:

1. To carry out an inventory of GHG emissions with a high degree of certainty of results in the absence
of initial data;

2. To assess the contribution of the transport sector to the GHG emissions of individual cities;

3. To identify and evaluate the significance of spatial and geographical factors of carbon intensity;

4. To provide recommendations on specific climate policy measures or the cities in different geographic
conditions.

Experimental

Initial data used in the investigations

To calculate the total GHG emissions from the use of road transport in cities, statistical data of the
Committee on Statistics of the Republic of Kazakhstan on the fuel and energy balance, demographic charac-
teristics, features of road transport were used.

The assessment of the spatial distribution of GHG emissions from the transport sector was based on the
data of the Yandex-traffic geoportal on the average speed of road traffic in the context of segments of the
road network; database of average fuel consumption by cars depending on the speed of traffic, published in
open Internet sources.

Research stages. The study described in this article consists of the following steps:

1. Estimation of GHG emissions from private road transport of regional centers and large cities of Ka-
zakhstan.

2. Inventory of nonpoint sources of GHG emissions from vehicles and assessment of their spatial dif-
ferentiation.

3. Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan.

4. Providing the recommendations on climate policy in transport sector of large cities.

Estimation of GHG emissions from private road transport of regional centers and large cities of Ka-
zakhstan

The calculation of private vehicles GHG emissions in regional centers and large cities of Kazakhstan is
based on the use of data published in the statistical form "Fuel and Energy Balance" of cities and regions of
Kazakhstan. This form contains information on the amount of gasoline, diesel fuel, and gas supplied to con-
sumers. Data on fuel consumption by cities are not provided for some regions, and only aggregated data for
the region are published. In such cases, the hypothesis was accepted that the volume of fuel consumption in a
settlement is directly proportional to the number of vehicles registered in it.

The calculation of total GHG emissions (carbon dioxide, methane, nitrous oxide) from the use of road
transport was carried out according to the Guidelines for the calculation of greenhouse gas emissions from
motor transport enterprises [7].

Inventory of nonpoint sources of GHG emissions from vehicles and assessment of their spatial differen-
tiation

Studies describing the distribution of greenhouse gas emissions in certain parts of cities are the most
valuable for planning actions to reduce GHG emissions, but they are labor-intensive to develop. A specific
feature of GHG emissions from the transport sector is the predominance of nonpoint sources. Nonpoint
sources include emissions of pollutants from individual and medium-scale formations, which, for practical
reasons, cannot be considered as point sources of pollution in the inventory [8]. Many researchers [9—11]
group diffuse sources based on their similarity and proximity to identify areas of activity that lead to the
highest GHG emissions, as well as to identify areas where the implementation of climate change mitigation
measures will be most effective. In the course of studying the spatial differentiation of emissions, nonpoint
sources located within the same planning sector are combined [12]. As an alternative to using planning sec-
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tors in a city study, it is possible to calculate GHG emissions on a city block basis, use urban morphotypes as
map units [13], or carry out calculations within the cells of a regular grid [14].

Based on the analysis of the experience of studying the spatial distribution of GHG emissions in cities,
the most accurate studies should be considered based on the use of actual data on energy and fuel consump-
tion. However, often (especially in small towns) the data needed to conduct such a detailed study are not
available. Studies show [15] that comparable accuracy of results can be achieved using the downscaling
method.

The proposed downscaling algorithm is based on the use of the estimated GHG emissions of the city as
a whole to predict the emissions of planning sectors. When using this approach, the total amount of city
emissions is distributed among planning sectors in proportion to the values of factors that increase energy or
fuel consumption.

Required initial data:

1. The amount of consumed fuel (gasoline, diesel fuel, gas used to fuel vehicles). Data is published in
the statistical collections "Fuel and Energy Balance" [Fuel... 2019].

2. Information on the length of the road network in the context of planning sectors — obtained from the
data of the geoportal "Open Street Map" and used as a factor that determines the amount of GHG emissions
from the transport sector in the context of planning sectors.

Calculation process:

The distribution of the total GHG emissions of cities by planning sectors, calculated according to the
fuel and energy balance data, is carried out in proportion to the total mileage of cars within the planning sec-
tor (Formula 1).

:&*M

tot

— greenhouse gas emissions of the planning sector (tons); M,, — total emissions of the city

tot > (1)

plansec.

where M

from the combustion of gasoline, diesel fuel and natural gas fuel when using transport (tons); O, — total

plan.sec.

mileage of vehicles at the streets of the k-th planning sector (km); O,

» — citywide mileage of vehicles (km).
The mileage of vehicles at the streets of the planning sector is determined as the sum of the products of
the length of each segment of the street within the planning sector and the traffic intensity of this street

(Formula 2):

O, =X(L*1), )
where L — the length of the segment of each street within the planning sector (km); / — traffic intensity on
the street (vehicles per hour).

Using the described approach, an assessment was made of the spatial differentiation of emissions from
regional centers and large cities of Kazakhstan.

Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan.

The main road transport the carbon intensity factors in large cities includes the structure of the vehicle
fleet in terms of engine size; climatic features; connectivity of the road network. Table 1 describes the quan-
titative indicators used in assessing the significance of these spatial and geographical factors, and initial data.

Table 1
Main spatial and geographical factors of private road transport carbon intensity in large cities
Spatial and geographical
factor. of carbon intensity Quaptltatlve value The nature of impact Data sources
of private road transport | used in impact assessment
in cities
1 2 3 4
Vehicle fleet structure by |Percentage of vehicles with|Cars with oversized engines con-  |Committee on Statistics of
engine volume engine capacity over 3000 [sume more fuel and therefore emit |the Republic of Kazakh-
cm’ (3 liters) more GHG. stan; portal «kolesa.kz»
Climatic features Time required to warm up |The share of fuel consumption and, |Research [16]
the engine in the cold sea- |consequently, GHG emissions asso-
son of the year (hour) ciated with engine warm-up during
the cold season can be up to 10 %.
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Continuation of Table 1

1 2 3 4
Connectivity of the road [Non-connectivity index In the conditions of a disconnected |Own calculations on street-
network street and road network, the average |[road graphs OSM.

annual mileage of a car increases
significantly.

Methods for calculating the share of vehicles with an engine volume of more than 3000 cm’. Infor-
mation on the structure of the vehicle fleet in terms of engine size is published in the collections of the
Committee on Statistics of the Republic of Kazakhstan only in a generalized form for the whole country. As
an auxiliary source of information about the structure of the car fleet, the portal for car sales announcements
"Kolesa.kz" was used. The study assumed that the ratio of cars of various categories on sale in a particular
city corresponds to the ratio of all registered cars of these categories in the city under consideration. The va-
lidity of this assumption is confirmed by a high correlation coefficient (more than 0,7 [17]) between the
structure of ads for sale and the structure of the vehicle fleet of the Republic of Kazakhstan as a whole.

Methods for assessing the influence of climatic conditions on the warm-up time of a car engine. Infor-
mation about the average warm-up time of a car engine was obtained from research [17].

Methods for assessing the influence of road network parameters on carbon intensity. A characteristic
that allows one to quantify the impact of the road network on the amount of GHG emissions from road
transport can be considered the alpha index of road network connectivity. This index is the ratio of the num-
ber of contours observed on the graph of the considered road network to the maximum possible number of
contours of the network with the number of nodes (crossings) equal to the considered road network. The al-
pha connectivity index is calculated by Formula 3:

a:K_v (3)

where K — the number of contours in the considered network; K. — the maximum possible number of
contours in the network;
In turn, K and K. are calculated by Formulas 4, 5:
K=L-(V-1); (4)

K, =3(V-2)-(r-1)=2r-5, (5)
where L — the number of connections at the road network; /' — number of nodes at the road network.

Alpha connectivity index can take values from zero (for a completely disconnected network) to one (for
a network with the maximum possible number of nodes). To illustrate the relationship between the connec-
tivity of the road network and the amount of GHG emissions, the alpha connectivity index was converted to
its inverse “Non-connectivity index” according to the formula:

i=l-a, (6)
where i — non-connectivity index.

Assessment of the significance of spatial and geographical factors of carbon intensity of motor
transport in cities of Kazakhstan. As an indicator of the significance of the spatial and geographical factors
of carbon intensity, the change in the volume of GHG emissions was used when the cities were brought to
the similar best conditions in terms considered geographical factor with fixing the remaining parameters.
Thus, to assess the significance of the structure of the vehicle fleet, a hypothetical situation was modeled,
when in each city the share of high-volume engines becomes minimal, but climatic conditions and the con-
nectivity of the road network are unchanged. To assess the significance of climatic conditions, a situation is
modeled when in each city the time of the cold season and the warm-up time of the engine are minimal,
while other spatial and geographical factors remain unchanged. In the course of assessing the significance of
the connectivity of the road network, it is assumed that the average annual mileage of a car in each city cor-
responds to the conditions of the highest connectivity of the road network among the considered cities.

Results and Discussion

Figure 1 demonstrates the estimates of GHG emissions from large cities and regional centers. The max-
imum amount of emissions corresponds to the city of Almaty (1.9 million tons), where the maximum number
of cars is registered.
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Figure 1. Private road vehicles GHG emissions at the cities of Kazakhstan

The minimum volume of GHG emissions from vehicles is observed in Kokshetau (0.19 million tons).
Low GHG emissions are typical for most cities in the South and South-West of Kazakhstan. Among the cit-
ies of the North of Kazakhstan, low emissions are typical for Petropavlovsk, and among the cities of the
North-East of Kazakhstan — for Semei. Average emissions are typical for most cities in the Center, North
and North-East of Kazakhstan. High emissions are observed in Karaganda, Shymkent, Taldykorgan, Nur-
Sultan. It should be noted that there is no unambiguous relationship between the number of cars and the vol-
ume of emissions. In different cities, the specific volume of emissions (tons per car per year) varies due to
the influence of spatial and geographical factors, which will be described below.

Transport is the main source of GHG emissions in such cities as Turkestan, Kyzylorda, Kostanay,
Uralsk, Taldykorgan. A common feature of these cities is the complete gasification of energy-producing in-
stallations, as well as a relatively small share of industrial emissions. In coal towns, the share of transport in
total GHG emissions varies from 2 to 24 %. The minimum share of GHG emissions from motor transport is
in Pavlodar, where significant industrial facilities, as well as facilities serving the public sector, use coal from
the Ekibastuz basin as fuel, which is characterized by large specific emissions per kWh of generated energy.

In the course of the study, an assessment was made of the spatial differentiation of GHG emissions
from vehicles for large cities and regional centers of the Republic of Kazakhstan. In this article, representa-
tive cities located in various regions of Kazakhstan are considered in detail.

As representative examples of the cities of Central, Northern and North-Eastern Kazakhstan, the cities
of Nur-Sultan, Karaganda, and Ust-Kamenogorsk were selected; the city of Almaty was chosen as a repre-
sentative example of cities in South-East Kazakhstan; among the cities of South Kazakhstan, a representative
example of the city of Shymkent was considered. Representative Cities of South-Western and North-Western
Kazakhstan were not considered, since their spatial and geographical features are in many respects close to
the cities of South and North Kazakhstan, respectively.

In the analysis of the spatial distribution of greenhouse gas emissions from road transport, we used the
indicator of specific emissions of tons/km of the road segment, since its use allows us to exclude false con-
clusions that are possible when analyzing the absolute values of emissions in cities where street segments
differ significantly in length. The possibility of using a specific indicator for the length of the road, as well as
emission density (for the area of the territory affected), was noted in [18, 19].

In Nur-Sultan (Fig. 2), which is compact, the structure of the road network is close to regular. In the city
of Nur-Sultan, the maximum values of GHG emissions are typical for city streets, namely Nurgisa Tlendiev
Avenue, turning into Bogenbai Avenue and Alash Highway (1653 kg/km); Korgalzhyn Highway (1588
kg/km); most streets of interdistrict significance, namely Republic Avenue (1740 kg / km), A. Imanov Street
(2597 kg/km), Abay Avenue (1451 kg/km), S. Seifullin Street (2257 kg/km), Sh. Valikhanov (2226 kg/km)
and some streets of the Yesil district, namely D. Kunaev streets (1887 kg/km) and Sarayshyk streets (1472
kg/km) and some other streets that fit the criteria described above. Average values of GHG emissions (700—
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1200 t/km) are typical for the majority of intra-district streets connecting opposite district boundaries. These
streets are characterized by the presence of 2 to 6 traffic lanes and an average concentration. The minimum
values of GHG emissions (less than 700 t/km) are typical for areas of private development and secondary
streets of intra-district significance.

Despite the rather high connectivity of the road network within the administrative center of the right
bank of the city, high specific values of GHG emissions are observed in this area. This indicates that the city
center has exhausted the possibilities for upgrading the road network, and measures to reduce GHG emis-
sions should be based on encouraging the use of alternatives to a private car.

In general, the crossing points across the Ishim (Yesil) River correspond to low and medium a GHG
emission, which indicates the optimal location of bridges and interchanges at the approach to the river. The
exception is bridges in the area of Sary-Arka and Turan streets, as well as Republic Avenue.

Almaty has a planning structure that combines elements of a regular and radial-circular type. At the
same time, the density of streets in the central part of Almaty is much higher than in the central part of Nur-
Sultan. Almaty is characterized by the presence of a large number of residential areas on the periphery of the
city. Thus, the density of streets in such areas is high.

The main contribution to greenhouse gas emissions from vehicles is made by the area bounded by
Timiryazev, Nazarbayev, Raimybek, Rozybakiev streets. As in Nur-Sultan, the potential for increasing the
connectivity of the road network in the central part of the city is largely exhausted, and measures to reduce
GHG emissions in the area should focus on the development of alternative modes of transport to the private
vehicle.

The planning structure of Shymkent is close to triangular, and on the periphery of the city, the density
of streets and their connectivity drops significantly due to the presence of large industrial zones and the ori-
entation of peripheral areas along the valleys of watercourses. In the central area with higher connectivity of
the road network, specific emissions are relatively low for most streets, except for large streets that provide
transit traffic through the city center to its peripheral areas. The greatest contribution to GHG emissions from
motor transport is made by avenues of Republic, Qonaev, Baidibek Bi, Tamerlanovskoye Highway, Al-
Farabi, Ryskulov, Zhibek Zholy streets.

The planning structure of Karaganda is close to free due to the historical features of the city develop-
ment. The modern city of Karaganda was formed from several mining settlements located at a certain dis-
tance from each other. At the same time, the “Old Town” — the area of the original city center location
ceased to exist because of the intensification of the subsidence formation in the area of coal mining. As a
result, the city consists of isolated built-up areas with a large proportion of undeveloped areas in its geomet-
ric center. The new city center is located in the eastern part of the city, while housing construction is mainly
taking place in the southeastern part. In addition, the connectivity of the street and road network of Karagan-
da city reduces the insufficient number of crossings through the railway separating the eastern and southeast-
ern parts of the city.
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Figure 2. Spatial distribution of GHG emission of representative cities

The maximum amount of GHG emissions is typical for Bukhar-Zhyrau Avenue and Gogol Street,
which perform a transit function between the districts of the New City and the South-East. The specific
amount of emissions for the streets connecting the New City with other districts of Karaganda is character-
ized by medium and low values. However, as the length of streets is long, their contribution to the total emis-
sions is significant. It should be noted that there is a lack of crossings across the railway, which separates the
areas of the New City and the South-East, in connection with which an increased density of emissions is rec-
orded at existing crossings.

The street and road network of Ust-Kamenogorsk contains elements of a regular and radial scheme. The
density of the road network on the periphery of the city is much lower than in its center. The presence of
large industrial enterprises in the northern part of the city and has an insufficient number of crossings across
the river. The Irtysh makes it difficult to travel by road. Increased specific emissions are typical for the area
where Abay, Nazarbayev, and Ulba Bridge streets intersect. In this area, large streets are joined, providing
transit between the city's districts, and therefore there is a bottleneck effect.

Significance of spatial and geographical factors of carbon intensity

Vehicle fleet structure in terms of engine volume. The share of vehicles with high engine volume is one
of the factors that increases the fuel consumption per vehicle, and hence the carbon intensity of vehicles. On
average in Kazakhstan, the share of cars with an engine capacity of more than 3 liters is 17 %. The consid-
ered cities differ significantly in this indicator (Fig. 3). The maximum share of cars with an engine capacity
of more than 3000 cm?® is observed in the cities of Aktau and Almaty (more than 23 %). The share of such
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cars is minimal in Turkestan (less than 8 %). Above average, the share of cars with a high engine capacity is
observed in the cities of Aktobe, Taraz, Atyrau, Kyzylorda, Petropavlovsk, Pavlodar, Ust-Kamenogorsk, Ka-
raganda, Taldykorgan, Nur-Sultan.

According to [20], the difference between the average consumption of cars with engines larger than 3 li-
ters and cars with the most popular engine size (1.6 liters) is about 42 %. As a consequence, when the struc-
ture of urban transport is reduced to the smallest share of cars with a large engine capacity among the con-
sidered ones, the total emissions of the considered cities are reduced by 0.36 million tons, or by 3.1 % of cur-

rent emissions (Fig. 3).
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Figure 3. GHG emission reduction in condition of share of automobiles
with the engine volume more than 3000 cm? similar to Turkestan

Climatic features. Climatic features affect the warm-up time of the engine, and, as a result, the amount
of emissions from the use of road transport. In the conditions of the considered cities, the warm-up time and
the duration of the period during which the warm-up procedure is necessary are differ a lot (Fig. 4).

Engine warm-up duration Duration of the period when the
(minutes) engine warm up is required (month)
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Figure 4. The duration of warming up the engine of a passenger car (according to [16])

Climate features. According to our calculations (Fig. 5), considering that the fuel consumption during
engine warm-up is from 0.8 to 1 liter per hour, depending on the type of car in terms of engine size, in the
cities of Nur-Sultan, Pavlodar, Semei, the contribution of warming up to the total consumption of automotive

Cepus «buonorusa. MegmunHa. Meorpadus». Ne 2(106)/2022 185



V.S. Dekhnich, N.M. Dronin

fuel is more than 10 %. In the cities of Karaganda, Ust-Kamenogorsk, Atyrau, the contribution of engine
warm-up to the total consumption of motor fuel exceeds the average value for the Republic. The lowest share
of automotive fuel consumption associated with warming up the car engine corresponds to the city of Turke-
stan and is only 1.1 %. Under climatic conditions identical to the city of Turkestan, the reduction of GHG
emissions from cities as a result of reduced engine warm-up time is 1.3 %. The most significant reduction
occurs in the cities of Atyrau, Pavlodar, Nur-Sultan, Karaganda, Semei.
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Figure 5. Reduction of GHG emission from private road transport
in the climate conditions similar to Turkestan (%)

Connectivity of the road network. Among the considered cities, the non-connectivity index of road net-
work (Fig. 6) varies from 0.005 in Almaty to 0.31 in Turkestan. A high non-connectivity index is typical for
the cities of Shymkent, Aktau, Karaganda, and Ust-Kamenogorsk. In these cities, connectivity is reduced
either by man-made or natural barriers that prevent the construction of a regular road network. A low non-
connectivity index is typical for Nur-Sultan, Pavlodar, Taldykorgan, Kyzylorda. These cities are located in a
relatively flat terrain, and their residential areas are located compactly. As a result, the street-road network of
the described cities is close to regular.

There is a high (more than 0.7) Pearson correlation coefficient between the disconnection index and
GHG emissions per vehicle. The connectivity of the road network should be considered the main factor de-
termining the amount of GHG emissions from private vehicles.
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Figure 6. Non-connectivity index
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Under the best conditions of connectivity of the road network (identical to Almaty), the total GHG
emissions in the considered cities are reduced by 30 % (Fig. 7).
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Figure 7. Reduction of GHG emissions in conditions of connectivity of the road network identical to Almaty (%)

Conclusions

Private road transport is a significant source of urban greenhouse gas emissions. City private transporta-
tion accounts 18 % of Kazakhstan emissions.

In cities characterized by the predominance of gas in the fuel and energy balance, private vehicles are
the dominant source of greenhouse gas emissions. Thus, in Turkestan, Kyzylorda, and Uralsk, the share of
GHG emissions from vehicles ranges from 51 to 64 %.

The largest volume of GHG emissions from private road vehicles is typical for Almaty and Nur-Sultan.
In general, these cities provide about 30 % of all transport emissions in Kazakhstan. These cities have the
maximum number of registered cars in Kazakhstan.

However, there is no direct relationship between the number of cars and GHG emissions. Specific emis-
sions per car vary a lot: from 3.8 tons per car per year in Almaty to 8.7 tons per car per year in Turkestan.
Such differences are due to the structure of the vehicle fleet in terms of engine size, the connectivity of the
road network and climatic features.

Stimulating the use compact (low volume engine) cars in the Republic of Kazakhstan as a whole can
lead to a reduction in GHG emissions from transport by 1.3 %. Increasing the connectivity of the road net-
work can lead to a 30 % reduction in GHG emissions from motor vehicles.

Differences in the carbon intensity of urban transport associated with climatic features exceed 5 %.

Measures to reduce GHG emissions from vehicles are hampered by the lack of reliable estimates of the
spatial distribution of GHG emissions in certain areas of the city. The conducted studies showed that in the
cities of Nur-Sultan and Almaty, the potential for reducing emissions through the modernization of the road
network has been largely exhausted. In the cities of Karaganda, Shymkent, Ust-Kamenogorsk, production
sites of enterprises, technogenically transformed territories and natural objects fragment the road network,
reducing the connectivity factor.

Thus, the implementation of measures to decarbonize the transport sector allows the cities of Kazakh-
stan to make a significant contribution to the implementation of national goals adopted under the Paris
Agreement. The implementation of measures in the transport sector is of particular importance in the cities of
the West, South-West and South of Kazakhstan.
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B.C. Hexuuu, H.M. [Iponun

KananbIk xeKe KOJIKTI fekapOoHu3anusiay Gpakropaapsl

Makana Ka3zakcran PecnyOnukachiHbIH ipi Kayamapbl MEH OOJBIC OpPTaJbIKTAPBIHBIH KOJIK CaIachIHIAarbl
MapHUKTIK Ta3fap IIbIFapbIHABUIAPBIHBIH YieciH Oaranayra apHanrad. JKyprizinreH 3eprreynep GapbiChiHIA
Kaszakcranubig 17 xanachlHIa jkeKe KOTIKTEpAiH LIBIFaPbIHABLIAPHI SCENTENIeH; KalalblK OKPYrTep OOMbIH-
Ia IIBIFApBIHABUIAPBI KEHICTIKTIK capajay epeKIIeIKTepiH JeKIapamysayFa; Kajlalapiarsl aBTOKOIIKTIH
KOMIPTEK CHIHBIM/IBUIBIFBIHBIH HETI3Ti (pakTopiaapbl alKbIHAAIFAH; OCHl (haKTOPIAPIBIH MaHBI3ABLIBIFBIH CH-
MAaTTAaWTBIH CAHABIK KOPCETKINITEp aWTBUIFAaH MXOHE KapaJaThlH (aKTOpIapIblH MaHBI3IbUIBIFBIHA Oara
Oepinren. bec penpesenrarusri Kanansy (Hyp-Cynran, Anmarsr, [lemvkenT, Ockemen, Kaparansr) mbica-
JIBIHJIA JKOJI JKENiCIHIH OaiJIaHBICTBUIBIFBIH TOMEHICTY IIH HET13T1 KEHICTIKTIK-reorpasuIbIK ceOenTepi xKoHe
KOMIPTEK CBHIBIMIBUIBIFBIH TOMEHIETY IIH HETi3ri KaFuAaTTaphbl alKbIHAAIIbL. 3epTTeyiep OHipaepIiH OThIH-
SHEPreTUKANIBIK TEHI'ePIMiHIH CTaTUCTHKAJIBIK HBICAHIAPBIH Koca anranzaa, Kasakcran PecnyGuukacel CtaTu-
CTHKa KOMHTETIHIH JepeKTepiHe; neMorpadusuiblK KbUIHAMAaNapra; KOIKTi maigagaHy Typaibl akmaparThl
KaMTHTbBIH CTaTHCTUKAJIBIK )KUHaKTapra; «Iunexc Kenrenic» sxone «Kemenepain albIK KapTachl» alllbIK Te-
omopraniapseHeH Aepekrepine; [AX ecenreynepinin Hotmxenepi Oolibiama sxone KOXXYCT Gekitken
oJliCHaMaIbIK KyXKaTTapra Heri3/ereH.

Kinm ce30ep: XIMMaTTBHIK casicaT, KaJaJIbIK KeJik skyHenepi, Kazakcram Kamamapbl, NMapHHKTIK Tasmap
IIBIFapBIHBUIAPEIH a3alTy.
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B.C. llexuny, H.M. [Iponun

(I)aKTOpr uekapﬁonm,amm TOPOACKOI0 YaCTHOI'0 TpaHCIoOpTa

Crathsl TOCBSIICHA OI[EHKE BKJIAJ[a BEIOPOCOB MAPHUKOBBIX Ta30B TPAHCIIOPTHON OTpPaciIy KPYIHBIX TOPOIOB
u obnacTHEIX neHTpoB Pecrry6iku Kazaxcran. B xoze nmpoBeeHHBIX HCClIeIOBaHNI HAMH PACCUUTaHbI BEI-
Opocs! OT yacTHBIX aBTOMOOMIIeH B 17 roponax KaszaxcraHa; neximapupoBaHbl 0COOEHHOCTH HPOCTPAHCTBEH-
HOHU auddepeHnnaniy BEIOPOCOB 0 TOPOACKUM OKPYTaM; OIpeeTIeHbl OCHOBHBIE (haKTOPHI YTIIEPOJOEMKO-
CTH aBTOTPAHCIIOPTA B IOPO/Iax; BBIABICHBI KOJINYECTBEHHBIC [T0KA3aTEN N, OIIUCHIBAIOIINE 3HAYUMOCTb 3THX
(akTOpOB, U JaHA OLICHKAa 3HAYHMMOCTH paccMaTpuBaeMbIX (akTopoB. Ha mpumepe maTu penpe3eHTaTUBHBIX
roponoB (Hyp-Cynrana, Anmatsl, LleiMkenTa, Ycrh-Kamenoropcka, Kaparanast) Obiin onpenesneHsl OCHOB-
HbIE IIPOCTPAHCTBEHHO-TeOrpaduuecKre IPUUNHBI CHIKEHUS CBA3HOCTH JOPOKHOM CETU M OCHOBHbBIE PHH-
LUITBl CHIDKEGHHS YIIepofoeMKocTH. MccnenoBaHus ocHOBaHBI Ha maHHBIX Kommurera mo craructuke Pec-
my6mkn KazaxcraH, BIIIoUast CTaTUCTUUECKHE (POPMBI TOIUIMBHO-9HEPT€THIECKOTO OanaHca PernoHOB; Jie-
Morpaduieckue eXCeTroJHUKH; CTaTUCTHUeCKHe COOPHUKH, cofepxamue HMH(pOpMamuio o0 SKCILTyaTaluu
TpaHCHOPTA; HA AAHHBIX OTKPHITHIX reornopTanos «Suaekc [Ipookm» u « OTKpBITast KapTa YIHID; 10 Pe3yIIb-
tataM pacueToB 'IC 1 o MeToI0I0TH4YecKUM JOKyMeHTaM, yTBepskaeHHsiM MIOUK.

Kniouesvie cnosa: xnuMaTuyeckas IOJINTHKA, TOPOACKUE TPAHCIIOPTHBIE cHcTeMbl, ropoaa Kaszaxcrana, co-
KpaleHue BBIOPOCOB MapHUKOBBIX I'a30B.
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