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Abstract This research explored green transportation
solutions for non-motorized transportation (NMT) along
selected roads in Kitwe's central business district (CBD).
The study was driven by the need for sustainable urban
mobility solutions in response to growing urbanization,
traffic congestion and environmental challenges. NMT,
which included walking and cycling, was identified as a
critical component of green transportation due to its low
emissions and health benefits. The research focused on
evaluating the existing NMT infrastructure, its challenges,
and opportunities for improvement. Five critical roads in
the CBD Matuka Avenue, Obote Avenue, Independence
Avenue, Chisokone Avenue, and President Avenue were
selected based on factors such as traffic flow, land use, and
existing pedestrian infrastructure. The study addressed the
lack of adequate NMT facilities, which contributed to
traffic  accidents, pollution, and  congestion.
Methodologically, the study involved traffic counts,
geometric analysis of walkways, and origin-destination
surveys. Pedestrian speed, flow rate, and level of service
(LOS) were calculated for each road, and results revealed
that many walkways operated at LOS E below the
recommended minimum threshold of LOS C for
commercial centres, indicating poor conditions. The
findings suggested that improved NMT infrastructure, such
as dedicated bike lanes and walkways, would enhance
safety and promote green transportation. Proposed
solutions included the development of car-free zones along

Matuka and Chisokone avenues, the construction of
multi-storey car parks and continuous road maintenance.
These initiatives aimed to reduce vehicle congestion,
improve pedestrian safety, and contribute to Kitwe’s
transition to a sustainable transport system. The study
concluded that prioritizing NMT in urban planning would
improve accessibility, reduce emissions, and foster
healthier, more liveable cities. Recommendations included
further NMT traffic flow modelling, the integration of
NMT policies, and public awareness campaigns to support
the proposed green transportation strategies.

Keywords  Non-Motorized Transportation (NMT),
Central Business District (CBD), Pedestrian, Highway
Capacity Manual (HCM), Level of Service (LOS)

1. Introduction

Urbanization significantly influences the demand for
green transportation solutions, as growing populations in
cities increase the need for eco-friendly mobility options to
mitigate environmental concerns and improve urban
liveability. Green transportation, which is a low-emission,
ecologically friendly form of transport, encompasses
various modes like public transit, electric vehicles, e-bikes,
and non-motorized transportation (NMT) which rely on
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human power instead of fossil fuels, including walking and
cycling, which offer substantial health and environmental
benefits [1, 2]. In many developing countries,
transportation systems face challenges like traffic
congestion, limited safe public transit options, road
accidents, and insufficient NMT infrastructure [3]. NMT
infrastructure comprises physical elements such as
sidewalks, street lighting, kerb ramps, pedestrian crossings,
and cycle paths that enhance pedestrian and cyclist safety
[4, 5].

Although building additional infrastructure could
temporarily relieve traffic congestion, a more sustainable
approach is to encourage walkable urban designs. A
“walkable city” prioritizes pedestrians over vehicles,
promoting car-free zones that reduce vehicle congestion,
air pollution, noise, and even urban temperatures [6]. Such
areas benefit public health and enhance road safety, as
documented in studies highlighting global support for
car-free development as part of sustainable mobility
initiatives [7].

Road safety remains a pressing issue, particularly in
urban areas where dense populations and mixed traffic
flow often lead to higher accident rates, with vulnerable
road users like cyclists and pedestrians representing many
traffic-related fatalities [8]. In 2021, Zambia recorded
32,372 traffic accidents, with 66% of road traffic deaths
involving pedestrians, cyclists, or motorcyclists, indicating
that their safety needs are often overlooked in road design
[9]. In 2022, a total of 33,682 road traffic crashes were
recorded across the country. This figure increased by 9.1%
in 2023, reaching 36,755 crashes nationwide. Among the
fatalities, pedestrians accounted for the largest share at
43.0%, followed by motor vehicle passengers at 24.6%,
while motor vehicle driver fatalities stood at 10.5% [10].
Kitwe, located in the Copperbelt Province of Zambia, is an
example of an African city where NMT is prevalent, yet
infrastructure such as bike lanes, pedestrian paths, and
signage is inadequate [11]. Addressing these gaps can
significantly reduce the need for personal car use,
alleviating congestion within Kitwe CBD and contributing
to a greener transport system.

The objectives of this project were to (1) Investigate
NMT in Kitwe CBD to foster a green transportation system.
(2) Analyse current NMT policies in Zambia. (3) Assess
the capacity and level of service for NMT infrastructure to
identify challenges and propose sustainable solutions. (4)
Conduct an Origin-Destination Survey for Kitwe CBD. (5)
Develop a comprehensive green transportation plan with
NMT layouts for Kitwe CBD.

2. Literature Review

The transportation process involves the movement of
people and goods to different places making it a necessary

concern in our daily lives. Transportation planning is
essential because it involves estimating future traffic and
determining how a facility will affect the community, the
environment, and land use [12]. Since it generates
significant emissions and pollution, it is a primary
contributor to environmental issues in urban areas [3]. To
mitigate these effects, planners and policymakers must
create sustainable, people-focused, and eco-friendly
systems. Green transportation—using electric vehicles,
public transport, and non-motorized options—reduces
emissions, improves air quality, decreases congestion, and
reduces reliance on fossil fuels. It also fosters liveable
communities, equal mobility access, and improves the
quality of life for current and generations to come [13].

The development of NMT infrastructure is increasingly
prioritized within green transport systems due to its
environmental and health benefits. NMT, or Active
Transport, includes walking, cycling, wheelchairs, scooters,
and other human-powered modes [14, 15, 16]. The use of
NMT can reduce environmental effects as it does not
depend on or need fossil fuels for it to function and has
minimal space requirements [17]. NMT infrastructure,
when  effectively integrated, contributes to a
well-functioning transport network, enhancing user
comfort, service levels, and accessibility [18]. Planning for
NMT should consider factors such as the level of service
(LOS), user comfort, and essential infrastructure like bike
lanes and pedestrian pathways. It should also integrate with
current  transit  systems while promoting public
involvement.

Walking and cycling, the most common NMT modes in
developed nations, are emission-free and improve urban air
quality [19]. In particular, walking is a fundamental part of
nearly all journeys because everyone is a pedestrian at a
certain point in their journey, highlighting the need for safe,
accessible, and well-designed pedestrian facilities. The
HCM [20] highlights nine types of pedestrian facilities
namely: sidewalks, walkways, pedestrian zones, queuing
areas, crosswalks, underpasses, overpasses, stairways and
shared pedestrian- bicycle paths. Figure 1 below shows the
main pedestrian facilities in Kitwe.

()
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Figure 1. Pedestrian facilities in Kitwe (a) Side walk (b) Walkway (c)
Queuing area (d) Cross walk

To evaluate and improve transportation infrastructure,
two key measures are used: Capacity, a quantitative value
and Level of Service (LOS), a qualitative value. Capacity
analysis assesses a facility’s ability to accommodate
existing and projected traffic volumes under varying
conditions. LOS, a qualitative measure, evaluates user
experience based on factors like speed, interruptions, and
convenience, with ratings from A (best) to F (worst).

For NMT like cycling and walking, the HCM [20]
provides methods to assess LOS. Bicycle LOS depends on
factors such as route safety and comfort, while pedestrian
LOS primarily considers speed, flow rate, and space. For
sidewalks and walkways, pedestrian flow and density
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influence LOS, helping planners and engineers identify
and address service needs in pedestrian facilities.

Assessing the capacity and LOS of walkways and
sidewalks is crucial for creating secure, accessible, and
comfortable pedestrian environments that promote public
health and sustainable mobility. Effective LOS and
capacity evaluations allow urban planners to design
infrastructure that accommodates current and future
pedestrian volumes, reduces congestion, and enhances
accessibility, including for users with disabilities.
Well-planned pedestrian infrastructure also improves
safety, reduces accidents, and encourages active lifestyles,
benefiting urban quality of life and health [21].

The key LOS criteria for pedestrian facilities include:

1. Pedestrian Speed: This measures average walking
speed (distance/time) and is often measured in meters per
second. Speed decreases with increased pedestrian density
and is essential for assessing service quality.

2. Pedestrian Flow Rate: It is the number of pedestrians
traversing point in given time, calculated using effective
walkway width and peak pedestrian volumes.

3. Pedestrian Space: This indicates available space per
pedestrian, measured by observing area usage or derived
by dividing pedestrian speed by flow rate.

4. Volume-Capacity Ratio (v/c): This compares peak
pedestrian flow rate to a standard capacity (75
pedestrians/min/m) to assess facility efficiency.

Various studies have examined challenges and solutions
for improving NMT and pedestrian infrastructure. Bhoyar
et al. [22] studied NMT infrastructure at congested
intersections in Nagpur India, finding that poor facilities
contributed to increased motorized transport use. The LOS
ratings ranged from D to F, indicating significant
challenges. They identified barriers such as safety concerns,
public mentality, urban structure, and design flaws.
Recommendations included integrating NMT with public
transit to improve safety, mobility, and reduce conflicts.
Another study by Tanvir et al. [23] assessed pedestrian
walkways in Dhaka, Bangladesh, where obstructions
forced many pedestrians onto roadways. A LOS analysis
revealed poor conditions, with five out of eight walkways
rated at LOS-C, LOS-D, and LOS-E. Removing
obstructions improved ratings to LOS-A and LOS-B.
Recommendations included removing vendors, managing
parking, adding fencing, and providing designated bus
stops for pedestrian safety.

Irimia et al. [24] conducted an origin-destination (O-D)
survey in Bacau, Romania to understand traffic patterns.
The study found high vehicle use, with most traffic
originating within Bacau County. Analysis indicated the
need for sustainable transport plans to reduce motorized
transport and its environmental impact. An assessment of
pedestrian LOS on sidewalks was conducted in Iraq,
Samawah city. LOS was found to be in the range of D to F
and was compared with other cities around the world [25].

In the Sub-Saharan Africa NMT transport continued to
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receive attention as a result of increased economic growth
in most cities. In South Africa, Ethekwini Municipality [26]
developed a non-motorized plan and adopted LOS for
NMT based on Transportation Research Board (TRB)
recommendations with minimum LOS for residential,
commercial, industrial areas subject to high peaking at B, C,
C, and D respectively. Another study [27] done in
Pietermaritzburg, South Africa, established that there was
inadequate NMT infrastructure but emphasis mainly
focused on safety other than LOS. Das [28] conducted a
study on non-motorised transportation for Bloemfontein
city, for purposes of revitalising the city centres of South
Africa. It was established that the city was only accessible
by motorised transport and had no facilities for cyclists and
pedestrians thereby causing challenges for parking and
creating congestion. Other challenges included social
aspects and lacked open spaces for public interaction.
Again, in South Africa, Okoro and Lawani [29] assessed
the performance of NMT infrastructure in Johannesburg.
Findings were that despite facilities being in good
maintainable condition, there was poor utilization coupled
with incidents of poor security and safety.

In Lagos, Nigeria, despite having a high NMT traffic,
there was almost no NMT infrastructure to make the city
sustainable. The study established that NMT infrastructure
provision would reduce traffic congestion and economic
costs and encourage sustainable transport development
[30].

In Kigali, Rwanda, there was a robust strategy to map
spaces for public use and was launched in 2020 [31]. The
main purpose was the promotion of car-free zones and
green environment. Years later, Mihigo [32] established
that the successful implementation of car-free zones and
open spaces in Kigali, was setting a pace for cities
aesthetics in third world countries.

NMT offers significant benefits but faces challenges in
development. Key issues include safety concerns,
inadequate infrastructure, and a public preference for
motorized transport. Insufficient pedestrian paths and
cycling lanes increase reliance on cars and raise safety risks,
particularly in developing countries, where limited funding,
low public awareness, and lack of expertise worsen the
situation. Reliable data collection and planning are crucial
but often neglected, with traffic studies favouring
motorized transport over NMT needs. Successful NMT
infrastructure requires wider roads or adjustments to

existing ones.

In Zambia, despite high NMT use, pedestrians and
cyclists lacked NMT basic infrastructure. The Ministry in
charge of transport and communications highlighted some
challenges NMT users face such as missing footpaths,
unsafe crossings, poor lighting, ineffective storm water
management, and inadequate parking controls. Zambia’s
road legislation and policies lack sufficient provisions for
NMT [17]. Notwithstanding, road authorities in Zambia
have made significant suggestions on designing and
implementation of NMT infrastructure focusing on safety
though without clearly stating the LOS criteria [33, 34].
Integrating NMT into urban planning with accurate
demand analysis is vital for creating efficient, inclusive
transportation networks as suggested by Lawrence et al.
[35].

In conclusion, advancing sustainable urban mobility is
crucial for enhancing environmental sustainability,
improving public health and ensuring inclusive mobility.
This can be achieved by adopting innovative approaches,
such as integrating highway performance metrics like LOS
and capacity analysis, while drawing insights from global
best practices. However, there is need for effective
implementation to address challenges such as limited
funding, ambiguous regulatory frameworks, and low
public awareness, all of which hinder progress in NMT
development. This study was limited to Capacity and LOS
for NMT in particular pedestrians and therefore excluded
issues of seasonality, enforcement and maintenance.

3. Methodology

The flow diagram, Figure 2, briefly describes the layout
in the design of the research.

3.1. Road Selection, Geometric Elements and Traffic
Counts

This study focused on five critical roads in Kitwe CBD
as shown in the Figure 3. These roads are Matuka Avenue,
Obote Avenue, Independence Avenue, Chisokone Avenue
and President Avenue.

The data needed in this study was collected for each
sidewalk/walkway on the observed critical points. Figure 4
shows the critical points selected on each walkway.
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The roads selected for this study in Kitwe CBD provide
a representative sample of the area’s traffic and pedestrian
challenges. President Avenue serves as a reference point
for construction standards with its newly constructed
walkways. Independence Avenue, a diverse, congested
route, connects various commercial and residential areas
and local and intercity bus stops. Chisokone Avenue faces
heavy congestion due to the shared use by vehicles,
bicycles, and pedestrians, with limited walkways. It also
serves as the main access to the largest market in the city.
Obote Avenue allows mixed-use for vehicles, pedestrians,
and bikes, as well as public parking and nearby commercial
spots, including banks. Matuka Avenue, linking
Independence and Chisokone Avenues, hosts major chain
stores that draw high foot traffic and public transport users.
These roads provide a broad view of the area, ideal for a
NMT study. A study by Chilombo [36], which involved the
mapping of accident black spots in Kitwe including the
CBD, using QGIS, found that majority of the accidents
were mostly damage only accidents as a result of street
vendors and pedestrians who reduce the road space due to
poor shoulders and walkways, required for the safe transit
of vehicles especially along Chisokone and Obote avenues.
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Figure 5 shows QGIS generated accident spots for Kitwe
[36].

The geometric elements of the existing road
infrastructure, including road length, walkways, bike lanes,
and other facilities, were recorded and analysed. Table 2
presents the geometric data currently available for the
roads of interest. Geometric elements data collection aligns
with a similar approach used in a study conducted for the
City of Lusaka [17]. Manual traffic flow counts were
conducted on Monday, capturing pedestrian volumes at
intervals of 15 minutes between 6:00 AM and 7:00 PM in
order to know the peak hours. From Tuesday to Sunday,
traffic counts were performed exclusively during the peak
hours identified from Monday's data, with the results
validated through comparison across the subsequent days.
To calculate speed, video cameras were positioned along a
6-meter stretch of each walkway, capturing footage during
the peak hours previously identified, as outlined in the
study by Sukhadia et al. [13]. Time taken for each
individual to traverse the 6-meter distance was recorded
and an average time was obtained by analysing 150
pedestrians.
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Figure 5. QGIS Generated Accident Black Spots for Kitwe
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Volume to capacity ratios were calculated based on the
HCM recommendations [20]. A summary of the steps
followed is shown in Figure 6 below [20].

Step 1: Determine the Effective Walkway Width

¢

Step 2: Calculate the Pedestrian Flow Rate

!

Step 3: Calculate the Average Pedestrian Space

'

Step 4: Determine the LOS for
Sidewalks/Walkways

'

Step 5: Calculate the Volume to Capacity Ratio

Figure 6. Five-Step Procedure for determining pedestrian capacity

The equations below are used to calculate various
parameters in accordance with the above procedure.
The effective width is calculated as:

We =Wt —-Wo Q)
Where; W, = Effective walkway width (m), W, - Total
walkway width (m) and W, = Sum of widths and shy

distances from obstructions on the walkway.
The flow rate is calculated as:

V15
15 x We

Vp = 2

Where; V, = Pedestrian unit flow rate (p/min/m) V5 =
Peak 15 min flow rate (p/15 min) and W, = Effective
walkway width (m)

The pedestrian space is calculated as:

60 x Sp

Ay = SE 3)

Where: Ap is pedestrian space, Sp is pedestrian Speed
and Vp is pedestrian flow rate
The pedestrian speed is calculated as:

_ Distance (m) ( 4)

S, =
P Average Time (S)

Where; S, - Pedestrian speed
The volume to capacity ratio (v/c ratio) is calculated as:

vic = Flow rate(p/min/m) (5)

capacity(p/min/m)

Table 1 shows the recommended LOS used for
walk-ways and side-walks [37].

3.2. O-D Survey

3.2.1. Sampling and Questionnaire Design

An origin-destination survey was also conducted using a
questionnaire distributed to at least 200 people, aiming for
90% confidence levels (based on the population of about
1000 to 10000) as stated by Bluman [38]. The survey
gathered information on trip purpose, transport mode, and
travel experience, with face-to-face interviews ensuring a
diverse sample across the CBD and surrounding areas. A
predetermined sample size was used based on
questionnaires distributed to two hundred pedestrians for
randomly selected face to face interviews. The
guestionnaire was structured in accordance with research
objectives: Questions included: 1. Socio-economic data,
gender, age and occupation. 2. Trip attributes, purpose of
trip, the specific roads used i.e., whether Matuka Avenue,
Obote Avenue, Chisokone Avenue, Independence Avenue
or President Avenue, mode of transportation, frequency,
O-D points, and departure and arrival times. 3. Participants’
satisfaction with the accessibility to and within the CBD
using the Likert scale. 4. Participants were also asked to
specify any challenges faced during trip making.

Constituencies (or Counties) were taken as origins with
the CBD being the main destination. The number of trips
made from each constituency into the CBD was recorded.
Additionally, the number of trips from each constituency to
the specific road of interest within the CBD was also
captured.

Table 1. Average Flow LOS Used for Walk-ways and Side-walks

LOS Space(m*/p) Flow Rate(p/min/m) Speed(m/s) v/c Ratio
A >5.6 <16 >1.30 <0.21
B >3.7-5.6 >16-23 >1.27-1.30 >0.21-0.31
C >2.2-3.7 >23-33 >1.22-1.27 >0.31-0.44
D >1.4-2.2 >33-49 >1.14-1.22 >0.44-0.65
E >0.75-1.4 >49-75 >0.75-1.14 >0.65-1.0
F <0.75 variable <0.75 variable
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4. Data Collection and Ana|ysi3 Traffic flow (ped/hr) data was collected for each
selected road and subsequently analysed graphically as
This section gives an outline of data collected and  shown in Table 3 and Figure 7.

subsequent analysis. Table 4 shows the highest peak 15 minutes for each road
in the study for all the weekdays including weekends. A
4.1. Geometric Elements and Traffic Counts comparison, Figure 8, on the peak 15 minutes between

weekdays and weekends was done. All the highest peaks

Table 2, based on Lukomona [17], shows the geometric . .
occurred in the evening.

data for the respective roads in this study.

Table 2. Geometric Data along the Selected Roads

Infrastructure Road Walkway Bike Crossing  Kerb Ramps/ Street Traffic Humps Signage
Road Length (km) Lane Facilities Guard Rail Lights Lights
President 1.4 v - 6 - v 4 . N
Matuka 0.8 v - - - - 1 - -
Obote 0.6 v - - - 1 . -
Chisokone 0.74 v - - J . - -
Independence 2.35 v - 5 - 5 3 -

Table 3. Traffic Flow (ped/hr) Recorded for each Road

Time Chisokone Avenue President Avenue Obote Avenue Independence Avenue  Matuka Avenue
06:00 - 07:00 416 226 354 508 225
07:00 - 08:00 719 295 438 769 375
08:00 - 09:00 1440 380 731 946 660
09:00 - 10:00 1741 356 1011 1318 931
10:00 - 11:00 2057 365 1441 1764 1165
11:00 - 12:00 2780 328 1397 1727 1316
12:00 - 13:00 2539 353 1342 1942 1503
13:00 - 14:00 2614 284 1391 1906 1534
14:00 - 15:00 2425 262 1244 1688 1517
15:00 - 16:00 2283 246 1211 1708 1471
16:00 - 17:00 3040 324 1441 1894 1649
17:00 - 18:00 3862 295 1476 1770 1878

18:00 - 19:00 4277 150 1462 1781 1760




3536 Proposals for Green Transportation Solutions for Non-Motorized Transportation Along Selected Roads in Kitwe CBD

Volume (Ped)

4500
4000
3500
3000
2500
2000
1500 o —
\/_
1000
500
0
06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
07_:00 (}8?(}0 09?00 10_:00 11:00 12:00 13?00 14?00 15:00 16:00 17?00 18:00 19?00
Time
=—=Qbote Avenue ——independence Avenue Presidence Avenue
=—Matuka Avenue ===Chisokone Avenue

Figure 7. Traffic Flow (ped/hr) Behaviour for each Road*. Traffic flow noticeably reduces as we approach 19:00 hrs, marking the end of peak

commuting hours

Table 4. Highest Peak 15 Minute for each Road

Time Peak 15 minutes Time
Weekday Weekend

Matuka Avenue 795 509 17:00 - 18:00

Independence Avenue 640 403 16:00 - 17:00

Obote Avenue 555 344 17:00 - 18:00

Chisokone Avenue 1369 890 18:00 - 19:00

President Avenue 128 78 18:00 - 19:00

Volume (ped)

Peak 15 Minutes
1600
1400
1200
1000
800
600
400
200

P Weekday

I I I P Weekend

17:00-18:00  16:00-17:00  17:00-18:00  18:00-19:00  18:00-19:00
Matuka Independence Obote Avenue  Chisokone President
Avenue Avenue Avenue Avenue

Time

Figure 8. The Highest Peak 15 Minute for each Road
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Table 5 below, shows how the flow rates were calculated for each selected road.

Table 5. Peak 15 Minutes from Traffic Counts, Effective Width and Flow Rate for each Road

3537

Avenue Position V15 (p/15 minutes) Effective Width (m) Flow Rate (p/min/m)
Matuka
Left 705 We = 4.25 - 0.24 = 4.01 705
——=11.72 12
15 * 4.01 7
Right 795 We = 4.25 - 0.24 = 4.35 795
—— =121 12
15 * 4.35 8
Obote
Left 555 We = 3.56 — 0.96 = 2.60 555
15:206 14.23 14
Right 539 We = 2.15—0.15 = 2.00 539
—=17.97 18
15 % 2.00
Independence
Left 640 We =476 — 0.5 = 4.26 640
—F—=10.02 18
15 % 4.26
Right 569 We =5.07 — 1.27 = 3.80 569
—F——=19.98 10
15 % 3.80
President
Left 119 We =213 -0 = 2.13 119
———==3.72 4
15+ 2.13
Right 128 We = 2.26 —0.20 = 2.06 128
—— =414 4
15 x 2.06
Chisokone
Left 1043 We =3.00—1.15=1.85 1043
——=137.56 38
15 % 1.85
Right 1369 We = 3.00 — 1.20 = 1.80 1369
- - X 1
15 * 1.80 50.70 5
Right 1369 We = 2.55—0.45 = 2.10 1369
——— =434 44
15 % 2.10 346

In order to assess the efficiency of each respective NMT
facility, peak pedestrian flow rates were compared to the
standard capacity (75 pedestrians/min/m) to obtain v/c
ratios as shown in Table 6.

4.2. Origin Destination Survey

This section gives an outline of the data collected from

the origin and destination survey. Figure 9 and Figure 10,
respectively, show the number of trips from each
constituency into the CBD and the summary of the mode of
transport used by the interviewed pedestrians.

The number of trips from each constituency to a
particular road in the CBD was also established based on
the interviewed pedestrians as shown in Table 7.
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Table 6. Speed, Space and v/c Ratio for each Road

Avenue Position Speed (m/s) Space (m*/p) v/c Ratio
Matuka
Left 6 60 * 1.05 12
517 105 —5 =5 — =016
5.17 12 525 75
Right 6 60 x1.25 E _
v 1.25 —z = 6.25 7= 0.16
Obote
Left 6 60 * 0.95 14
—— =0.95 — =4, —=10.19
4.80 14 407 75
Right 6 600.95 E _
73 0.83 T 2.76 7S = 0.24
Independence
Left 6 60%129 10
YT 1.29 o - 7.74 = 0.13
Right 6 60 * 1.06 10
— =1.06 —— =636 —=0.13
5.66 10 75
President
Left 6 60 *1.30 4
160 1.28 — = 19.2 5= 0.05
Right 6 60 % 0.64 4
162 1.3 — = 19.5 5= 0.05
Chisokone
Left 6 60 * 0.64 38
—— = 0.64 —=1.02 —=0.5
9.38 38 75
Right 6 60 * 0.70 51
—=07 —— =082 Z=o.
8.57 51 75 0.68
Right 6 60+ 0.76 43
—=0.76 —F— =1.06 — =0.57
7.89 43 75
L]
~
KEY
B CHIMWEMWE- 39 Trips
B WUSAKILE- 34 Trips
B KWACHA- 35 Trips

NKANA- 73 Trips
KAMFINSA- 19 Trips

S

Figure 9. Number of Trips from each Constituency into the CBD
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MODES OF TRANSPORT
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Figure 10. Summary of the Mode of Transport Used by the Interviewed Pedestrians

Table 7. Number of Trips from each Constituency to Particular Road in the CBD

Constituency Nkana Kwacha Kamfinsa Wusakile Chimwemwe
Avenue

Matuka 16 4 7 13

Obote 8 8 8 3
Independence 17 12 4 9

President 8 6 4 3

Chisokone 24 5 11 11

5. Findings and Discussion

5.1. Capacity and LOS at Critical Points

Capacity and LOS of all eleven critical points were
determined by means of effective width, flow rate, average
speed, average space and v/c ratio as shown in Table 8. It
was found that most of the walking areas on critical points
were operating at a level of service of E. The minimum
LOS recommended for commercial centres in the
sub-region is C [26]. Only President Avenue meets this
threshold. Location of critical points, Figure 11, on the
selected roads within Kitwe CBD was defined using QGIS.

Figure 12 shows the volume (ped/hr) at Critical Points,
for Morning and Evening Peak Hours. It can be seen that
the highest recorded volume was on the right lane in
Chisokone Avenue during the evening peak hour.

The huge variation in traffic volumes between
Chisokone Avenue and President Avenue can be attributed
to the differing functions and land use characteristics of the
two roads. Chisokone Street serves as a major commercial
hub due to the presence of the Chisokone Market, the
largest trading area on the Copperbelt Province of Zambia,
attracting high volumes of pedestrians, local traders, and
public transport users throughout the day. In contrast,

President Street is characterized by formal commercial
establishments such as banks and offices, which generate
lower pedestrian activity and more regulated vehicular
traffic. The foregoing enforces the effect of land-use
pattern and street function on traffic density and mobility
dynamics of NMT within the CBD.

It was also observed that Chisokone Avenue has the
highest flow rates and lowest speed and spacing values
while President Avenue had the highest spacing as shown
in Figure 13. Furthermore, through visual inspection, it was
observed that though all roads have walkways, some roads
have different types of walkways on the same road while
others have missing walkway infrastructure on some parts.
It was also observed that though most roads have street
lights, most of them were not working.

The O-D survey showed that a good number of the trips
into the CBD were from Nkana Constituency. This is
because the CBD is under Nkana constituency. The total
share of NMT (walking and cycling) in to the CBD was
45%, almost half of the total trips, necessitating the
importance of NMT facilities within and outside the CBD.
This is also consistent with the study done by Mwale, et al.
[39] that walking is a preferred mode of transport for short
distances of up to 10 minutes.
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Table 8. LOS for the Selected Roads in the Kitwe CBD

Location PH Effective  Average P15(Pedestrian/15  Capacity Flow Rate Average ve LOS
(pedestrian/Hr) Width(m)  Speed(m/s) minutes) (p/min/m) (p/min/m) Space (m*p) Ratio

President Ave

Left 377 2.13 1.28 119 75 4 20.6 0.050 B

right 446 2.06 1.30 128 75 4 18.8 0055 B

Matuka Ave

Left 2461 4.01 1.05 705 75 12 5.4 0.16 E

right 2875 435 1.25 795 75 12 6.2 0.16

Independence Ave

Left 2470 4.26 1.29 640 75 10 7.7 0.13

right 2113 3.80 1.06 569 75 10 6.4 0.13

Obote Ave

Left 1785 2.60 0.95 555 75 14 4.0 0.19

right 1809 2.00 0.83 539 75 18 2.8 0.24

Chisokone Ave

left 3637 1.85 0.64 1043 75 38 1.0 050 F

right 5170 1.8 0.7 1369 75 51 0.83 0.68

Right(Walkway) 5170 2.10 0.76 1369 75 43 1.05 058 E
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Figure 11. Location of Critical Points on the Selected Roads within Kitwe CBD Using QGIS
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Volume vs Points (Left and Right) for Morning and Evening
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Figure 12. Volume (ped/hr) at Critical Points both for Morning and Evening Peak Periods
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Figure 13. Comparison of Space, Flow Rate, Speed and v/c ratio for the Critical Points

6. Proposals

The proposed plan for the development of green
transportation solutions aimed at improving NMT within
Kitwe CBD is discussed in this section. The focus areas
include Chisokone Avenue and Matuka Avenue, where
car-free zones are proposed. Provision of multi-story car

parks is recommended to decongest the area and avoid
vehicles from taking up space dedicated to pedestrians. The
study emphasizes improving pedestrian safety and urban
liveability. Figure 14 below is a map highlighting the full
extent of the area covered in this proposal, showcasing key
locations for intervention.
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In line with the development of green transportation solutions for Kitwe CBD, the following proposals are put forward
to support NMT and help decongest the city:

1. Chisokone Avenue and Matuka Avenue as Car-Free Zones

It is proposed that Chisokone Avenue and Matuka Avenue be designated as car-free zones as shown in Figure 15 below.
This would prioritize pedestrians, cyclists, and other forms of NMT including delivery vans thus creating a safer, cleaner,
and more accessible space. These zones would also contribute to reducing traffic congestion and improving the urban
environment.

Figure 15. Matuka Avenue with proposed pedestrian areas (rendered in Canvas)

2. Development of Multi-Story Car Parks

To address the lack of parking and further decongest Kitwe CBD, the transformation of areas highlighted in Figure 16
below into multi-story car parks is recommended. This will allow for centralized parking, reducing the need for on-street
parking and encouraging the use NMT and public transport within the CBD.
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Figure 16. Examples of a Multi-Storey Car Park Design (rendered in Lumion and Canvas)

Table 9 shows the increased space in parking as a result
of the proposed Parking. There is remarkable improvement
in terms of space and volume to capacity ratios as a result
of new car parks.

Table 9. Parking Area and Spaces for Existing and Proposed Parking

Parking Name  Parking No. Parking No. Parking
Area sqm Spaces (Existing) Spaces (New)
Stanbic Car Park 2850 68 204
First Class Car 12600 360 1260
Park
3. Maintenance of Roads
Continuous maintenance of road infrastructure,

especially surrounding the proposed car-free zones such as
along Obote and Independence Avenues, is essential. This
includes resurfacing of roads, maintaining walkways, and
ensuring adequate lighting and signage to support the
safety and accessibility of all road users.

7. Conclusion and Recommendations

The main objective was to investigate NMT in Kitwe
CBD to foster the Development of a Green Transportation
System. This was achieved using a methodologies found in
the HCM [20], interviews and surveys within the study
area. Furthermore, majority of the selected walkways were
found to be operating at LOS E, below the recommended
LOS C, during the study period i.e. peak hours as a result of
unbalanced pedestrian flow patterns. Additionally,
majority of the trips into the CBD were found to come from
Nkana constituency. Almost half of the total trips into the
CBD are NMT (walking and cycling) underscoring the
need for NMT facilities.

In order to enhance the design and functionality of the
suggested proposals before being implemented, it is
recommended that NMT flow modelling be conducted in
future to optimize movement, reduce congestion and allow
decisions made to benefit the pedestrians and encourage
the use of NMT. Additionally, conducting traffic counts for

motorized vehicles is essential to justify the construction
and detailed design of the multi-story car parks, freeing up
space for NMT. Lastly, policies should be periodically
reviewed to encourage NMT. This will lead to safe and
accessible integrated urban transport system for long term
sustainability.
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