CHAPTER 4
PRESENT ROAD TRAFFIC SITUATION
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PRESENT ROAD TRAFFIC SITUATION

Traffic Survey
Outline of the Survey

In order to understand the characteristics of present traffic movements in Kampala and
to prepare basic data for future traffic demand forecasts, the following traffic surveys
were carried out in February 1997:

(a) Roadside OD Survey

8 cordon stations

- 2 internal stations
(b) Traffic Flow Survey

- Weekly count

24 hour counts

- 12 hour counts

- Peak period counts
(c) Axle Load Survey
(d) Pavement Condition Survey
Roadsidé Interview Survey

A roadside interview survey was undertaken in order to provide information on travel
movements by motorised vehicles. Eight of the roadside interview stations were

located on a cordon close to the Kamipala city limits, at the following locations:
- Jinja Road

- Port Bell Road

- Entebbe Road

- Masaka Road

- Hoima Road



- Bombo Road
- Gayaza Road
- Ggaba Road

The two other roadside interview sites were located on two heavily trafficked roads to

the south of clock tower roundabout, namely:
- Queensway
- Katwe Road

These locations (references J1 to J10) are indicated in Fig. 4.1. The drivers of eight

different types of vehicle were selected for interview, namely:
- Motorcycle and scooter

- Passenger car and four wheel drive vehicle

- Taxi/minibus (Matatu)

- Bus

- Pick-up fruck

- Truck 2-axle

- Truck 3-axle or more

- Other - tractor, road roller etc.

At each site, interviewing took place on a single weekday between 7 am and 7 pry, the
Uganda daylight hours. The target sample rate was 25% for all vehicle types. Police

directed traffic and wamning signs and safety equipment were provided. Each site was
under the control of a supervisor.

On site, interviews were recorded on forms, four interviews per form. The
information common to all four mterviews consisted of 4 items, the interviewer’s
initials, the start fime of the first interview, the end time of the last interview and the
sample number. The data from each interview consisted of 6 items, namely vehicle
type, origin zone, destination zone, journey purpose, number of passengers and
commodity. Origin and destination addresses were recorded at various levels of
precision, depending upon the proximity to central Kampala.



The number of vehicles interviewed at each survey point (usable interviews) and the
total number of vehicles which passed each of the survey points are listed in Table
4.1.

Prior to data entry, the origin and destination addresses were converted to three digit
zone codes. Each zone was a group of parishes in Kampala, a portion of Mpigi
District (which surrounds Kampala), a group of Uganda districts or one or more
external countries. The lists defining internal and external zone numbers are
presented in Tables 2.1 and 2.2. In order to allow the traffic model to identify
movements through Kampala, zones 500 and 502 were disaggregated. Zone 500
(Busiro district of Mpigi) was split into three according to the radial road used
(Entebbe Road - 500, Masaka Road - 503, Hoima Road - 5043, zone 502
(Kyaddondo district of Mpigi) was spiit into four (Jinja Road - 502, Hoima Road -
505, Bombo Road - 506, Gayaza Road - 507).

The interview data was entered into Excel spreadsheets, one per site and direction. A
simple data structure was adopted, comprising a header record and one record per
interview. The header record contained the station number, the date, the day of the

week and the direction of interview.

Each interview record comprised the 10 items identified above. The data was
converted to simple text files for error checking, expansion and matrix building. The
error checking and data correction processes have been described in the progress
report. Great emphasis was placed on ensuring that coded origins and destinations

were compatible with the site location and direction of interview.

The roadside interviews yielded good information on average vehicle occupancy
rates, which are of use in the computation of average values of time for each vehicle,
for use in project evaluation. Table 4.2 summarises the data and displays these
occupancy tates. A point to noie is that the average occupancy rate for matatus is
between 4 and 5 times those for cars and pick-up trucks.
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4.1.3 Traffic Counts

Classified traffic counts were undertaken using tally counters. There were ten
categories counted, the eight vehicle types selected for interview plus pedestrians and
cyclists. The counts were of different durations and were undertaken for a variety of

Teasons.

A single weekly (7 * 12-hour) traffic count was made on Queensway in order to
determine the flow level on each day relative to the average daily flow during a 7 day
week.

Twelve hour daytime (7am to 7pm) traffic counts were carried out at the roadside
interview sites. These provided control totals for computing the expansion factors to
apply to interviews.

Twelve hour traffic counts were also undertaken at other sites, principally on the
sections of road identified by MOWTC as suitable for improvement.

Two night-time (7pm to 7am) counts were carried out, at the Jinja Road and Masaka
Road roadside interview sites, in order to determine the ratio of twenty-four hour

flows 1o twelve hour flows.

Finally, a series of peak period counts, from 0730 to 0930, were made in order to
provide supplementary information, firstly to determine how tidal the peak flows are,
and secondly to assist in completing the base year matrices using matrix estimation
{ME2) techmques. '

The locations of the traffic counts are shown in Fig. 4.1 (References W1; C1 to C29;
N1 and N2; P1 to P25 for weekly, daytime, night time and peak period counts).

(1) Information from the weekly traffic count

The resuli of the Queensway weekly wraffic count is presented in Table 4.3. The
counts were undertaken from Saturday 15 February to Wednesday 19 February
and on Thursday 27 February and Friday 28 February (there was a road closure
on February 20 and 21). Three noticeable features of the data are:

- lower flows on Sundays
- a higher than normal total flow on the Tuesday

- higher heavy goods vehicle flows on Thursday and Friday
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(2)

The Study Team felt that the first effect was likely to be systematic and therefore
applicable to other sites. However, there is no obvious reason why flow should
be higher-on Tuesdays than on other weekdays. It is possiblé that goods traffic
builds up towards the end of each week prior to a weekend lull, but with only
one weekly site this conclusion must be tentative. The use of the weekly count
was, therefore, to derive factors to convert 5-day average daily flows to 7-day
average daily flows. Factors were derived for each of the three broad vehicle
classes, namely private, heavy and public transport vehicles, to be used for
matrix building. Fig. 4.2 graphs the weekly variation of each of these three
vehicle classes.

Other Traffic Counts

Tables 4.4 and 4.5 present 2 summary of the other traffic counts undertaken.
Pedestrian counts are excluded. In Table 4.4, sites C1 to C29 are 12-hour
(0700 - 1900} daytiime counts. Sites N1 and N2 are 12-hour (1900 - 0700)
night time counts at the same locations as site C1 (Jinja Road RSI site) and C4

(Masaka Road RSI siie) respectively. Thus 24-hour (0700 to 0700) counts are
available at two sites.

The first three count data columns of Table 4.4 and the 24-hour count include
bicycles, which are numerous at certain locations. Qther data displayed in Table
4.4 relates to motorised vehicles. The eight motorised vehicle types have been

aggregated into three broad categories, namely:

private vehicles - motorcycles, cars, pick-up trucks and others
heavy vehicles - 2-axle trucks, 3+axle trucks

public transport - matatus, buses

As well as displaying the 12-hour daytime motorised traffic flows, Table 4.4
also shows the am peak period flows extracted from these counts. The peak
period is a 2-hour period, either 7am to 9am or 8am to 10am depending on
which has the higher two-way traffic flow. Peak period motorised flow is
expressed as a percentage of 12-hour motorised flow. All the other percentages
in Table 4.4 are percentages of 12-hour total flow (including bicycles).
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Table 4.4 Traffic Volumes

Pam 120 (0700 1w 1900) 24h Peak Penod
Dwection  [Direction  {Total Motonzed Heavy Publc Maotonssd | Private Heavy Publc
1 2 Vehicle Transpoit Vehicla  {Vaehicle Transpot

c1 1012 10048 20058 18260 1359 6467 24933 3118 LIEY) 178 1199
49.9% 50.1%|  100.0% 91.0% 6 8% 2T%|  124.3% 17.1%

c2 3529 723 7252 6175 242 2381 1054 616 20 418
48.7% 51.3%) 100.0% 85.1% 3.3% 32.8% 17.1%

c3 4857 4813 9670 BEZT B53 s 1104 598 &4 342
50.2% 45.8% 100.0% 89.2% 5.9% 28.5% 12 8%

ca 5664 5352 M6 8027 782 2903 14290 1303 860 118 525
51.4% 48.6%] _ 100.0% 72.9% 7.1% A% 1297 16.2% ) .

Cc5 3058 2727 5786 3728 183, 20 837 347 34 456
52.9% 47.1%] 100.0% 54.4% 3.2% 35.1% 22.5%

CH 5080 4330 8420 775 595 3161 1350 670 a0 580
54 0% 45.0%] 100.0% 76.2% 6.3% 33.6% 18 8%

Cc7 6691 5702 12393 7329 433 2535 1578 845 BO 673
A4 0% AR (ok! 100 1% HG. 1% 3.50% 0.5% 21.5%

c8 5276 4584 10260 9226 33 2819 1764 1024 50 690
51.4% ABE%| 100.0% 89.9% 3.3% 27.5% 19.1%

ce 8578 10195 19770 17938 1066 5488 3488 1922 171 1395
48.4% 51.6%| 1000% 91.0% 5.4% 27.8% 19.4%

c10 10578 8910, 17488 13939 911 6734 2764 981 155 1627
80.5% 39.5%] 100.0% 79.7% 5.2% 38.5% 15.8%

o1 16460 21719, 38179 35205 2048 10665 5579 3234 299 2046
43.1% 56.9%] 100.0% 92.7% 5.4% 27.9% 15.8%

ci12 5290 4870 10160 6742 229 2498 19G7 1276 pras 602
52 1% 479%| 100.0% 86.0% 2.3% 24.6% 21.8%

c13 9144 15056 24240 23451 201 4688 3995 3041 98 857!
37.7% 623%| 100.0% 96.7% 2.1% 19.3% 7.0%

C14 11306 10870 21976 19861 834 90 3360 3052 122 186
51.4% 486%| 100.0% 90.4% 3.8% 4.1% 16.9%

c15 13515 12983 26498 23520, 409 10317 4388 1997 66 2335
51.0% 49.0%] 100.0% 82.8% 1.5% 38.9% 18.7%

C16 4761 45657 84185 7841 208 4498 1872 517 56 1209
50.6% 49.4%1  100.0% 83.3% 2.2% 47 B% 23 9%

cit 3673 3755 7430 6753 244 3185 1380 627 a2 FAR
49.5% S05%| 100.0% 90.9% 3.3% 42.9% 20.6%

Cct8 5831 5732 11563 10073 287 1348 2025 1709 47 269
50.4% 49.6%] 100.0% 87.1% 2.5% 11.6% 20.1%,

c18 7091 8059 15150 32474 495 6325 2511 857 95| 1559
45 8% 53.2%] 100.0% 82.3% 3.3% 41 7% 20 1%

G20 7718 5458 14185 12625 272 3051 2534 24 27 813
54.4% 45.6%]  100.0% 89.0% 1.9% 21.5% Z3.2%

c 8531 7249 15780 13870 ces 549 2543 2347 64 132
54 1% 459%)  100.0% 87.9% 4 4% 4.1% 18.3%

cz 3054 asi1o 6364 5932 197 771 1213 1076 22 115
48.0% 52.0%| 100.0% 93.2% 3.1% 12.1% 20.4%

c23 108 a3 191 138 0 6 26 25 0 0
56.5% 43.5%| 100.0% 71.2% 0.0% 3.1% 19.1%

C24 1909 2349 4258 3343 218 137 962 889 28 45
44.8% 55.2%)  100.0% 7B8.5% 51% 3.2% 2658%

CZ5 13734 12215 26649 24668 1747 7e67 4373 2579 239 1555
51.5% 48.5%] 100.0% 92 6% B.6% 28.8% 17.7%

C26 6885 8503 13338 10428 419 IBG1 2198 1160 76 952
51.4% 48.6%]  100.0% 77.9% 31% 28.8% 21.1%

c27 302 2265 5367 4759 192 678 827 6395 27 105
57.8% 42 2% 100.0% o8.7% 3.6% 12.6% i7.4%

cz28 6455 7436 12891 9177 440 3001 2045 1258 BG 701
45 5% 53.5%| 100.0% 66.1% 3.2% 21.6% 22.3%

C29 G569 8500 18468 14571 1074 5737 275i 1426 2 1273
51.8% 48.2%] 100.0% 789% 5.8% 31.1% 19.2%

Totals 347901 17075 107268 65300 39554 2466 23280/

Ratios® 5.65 6.93 4.61

* - Peak pencd to 12-hour ratios are for motonsed traffic
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Table 4.5 Peak Period Volumes

Poim Peak (0730 to 0930) 12h Estimated Volumes
Dirrection (Dirsction [Total Motorised | Heavy Pubkc Motorised {Private Heavy Pubic:

1 2 Vehicie Transport Vehicle Vehicle Transport
P1 1667 654 2321 1808 58 230 10052 8591 402 1060
[ 2538 2155 5093 4512 47 953 24568 19849 326 4331
P3 883 620 1503 1252 45 516 5596 3900 319 2378
P4 638 451 4089 016 7 98 5649 5149 48 452
P5 2013 1721 It 3223 71 1561 16677 8992 482 7193
P8 282 223 5058 4785 50 4096 22088 3663 345 18873
P7 2508 1991 4459 3921 154 745 575 17097 1046 3433
P8 1090 839 1929 1853 18 57 10434 10060 111 263
Pg 2698 1867 4565 4366 260 2061 22855 11558 181 9497
P10 3514 317 5831 4082 216 383 20054 24845 1496 1873
P14 775 601 1376 1202 126 02 B639 4375 B73 1392
P12 1392 1062 2454 1953 53 650 1 0-42? 7085 K7 2935
P13 1586 1241 2827 2133 192 421 11860 8591 1330 1940
P14 2305 1227 3532 3220 103 1372 16898 9453 713 6322
P15 1781 1854 34835 2962 187, 1071 15851 9631 1295 4835
P16 6061 3471 2482 B265 236 4012 42824 22704 1634 18488
P17 2150 931 3081 261 156 1336 13561 6324 1080 8156
P& 59 5 194 101 7 15 564 445 48 89
Fi9 202 108 310 242 11 = ;i361 1483 76 a2
P20 1219 706 1925 1587 az 7% 8253 4691 .r.z] 3341
P21 2565 1246 4511 3658 151 1583 19204 10818 1046 7340
P22 1240 1281 2531 1773 217 578 9694 £528 1503 2663
P23 69 46 115 a7 2 1 211 192 14 5
P24 919 624 1543 1304 32 480 6910 4476 222 2212
P25 1878 949 827 2632 65 1252 13651 7432 450 5769
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At the foot of Table 4.4, 12-hour and 2-hour motorised traffic flows are
compared in aggregate (summed over all sites C1 to C29) and 12-hour to 2-hour
flow ratios are computed for private vehicles, for heavy vehicles and for public
transport vehicles.

Table 4.5 displays peak period (0730 to 0930) traffic volumes. The first three
data columns include bicycles, the others relate to motorised traffic. The ratios
computed at the foot of Table 4.4 have been used to produce estimated 12-hour
motorised flows from the observed peak period motorised flows.

The flows in Tables 4.4 and 4.5 display 12-hour flows observed om or
estimated for a weekday. Using the 5-day average to 7-day average conversion
factors derived from the weekly count, 12-hour motorised flows which allow
for lower weekend flows were computed. The results are displayed in Tables
4.6 (sites C1 to C29) and 4.7 (sites P1 to P25). For sites CI to €29, the flows
are displayed directionally. These 12-hour flows have been converted to
pcus/hr on the basis of pcu factors of 1.1, 2.0 and 1.3 for private, heavy and
public transport vehicles respectively. It is these directional pcus/hr flows that
have been used to calibrale the base year tratfic model.

For sites P1 to P25, the tidality towards Kampala of the morning peak period
flows is indicated. Generally, tidality straddles the typical 60: 40 ratio that is
found in many cities, The exceptions are sites P13 and P15, where there is an
indusirial estate to the east and a choice of routes to Kampala via the Clock
Tower and Jinja Road roundabouts, and P19 and P23, where Katwe is a
competing local centre of employnmient and the road quality is very poor. The
remainder of the results for sites P1 to P25 are for two-way flows. For the
purpose of traffic model calibration, it has been assumed that, averaged over the
day, the flow will be the same in each direction; one-way pcus/hr flows are
shown in the final column of Table 4.7.

The traffic model has been set to represent trips and flows during an average

hour of a 7¥12-hour week, i.e. an average daylight hour.



Table 4.8

Factored Observed 12-hour Flows and Pcus/hr

Point Direction Private Heavy Pubhc All Pcusihr
Vehicles Vehicles Transoort Vehicles
fcu Factor Pcu Factor Peou Factor
1.1 2 1.3
Ci 1 5086 607 31583 8846 909
2 5126 659 3242 an18 929
c2 1 1687 136 1126 2959 300
2 1787 88 1222 J0gs 311
c3 i 25984 283 1385 4262 435
2 2459 330 1344 4173 430
C4 1 2204 52 14198 3975 414
2 2042 372 1455 3869 407
C5 1 772 8BS 1100 1960 205
2 709 80 211 1700 177
C6 1 1858 276 1577 3711 387
2 1486 275 1552 3313 350
Cc7 1 2272 204 1304 3780 384
2 1993 196 1206 3395 346
o] 1 3063 163 1440 4666 464
2 2867 154 1350 4372 435
(o] 1 6052 479 1864 8385 837
2 5119 507 3579 8205 941
C10 i 3472 438 4515 8426 880
2 2684 404 2151 5239 546
C11 1 002 919 4917 14838 15114
2 12995 975 5642 16612 1665
c12 1 3083 136 1277 4496 44
2 2800 76 1186 4072 399
ci3 1 5165 284 2178 2627 48
2 11685 179 2463 14337 1369
C1i4 1 9016 s S09 9900 944
2 6711 397 383 9491 986
C15 1 6544 160 4895 11602 1157
2 5969 218 5315 11502 1159
C16 B 1 1598 105 2182 3884 400
2 1472 85 2274 3828 395
C17 1 1623 97| 1578 3299 336
2 1627 129 1575 3331 341
C18 1 4064 148 700 4912 473
2 4191 117 633 4941 472
C19 1 2485 272 3369 6126 638
2 a4 187 2893 5123 624
C20 1 5163 144 1475 6782 657
2 3934 107 1545 5587 546
cz1 1 6555 338 348 7281 699
2 5663 299 294 6255 601
c22 1 2620 94 10 2724 257
2 2235 88 753 3076 301
C23 1 64 0 5 69 i}
2 64 0 1 85 5]
C24 1 1289 87 50 1425 138
2 1632 116 85 1834 178
C25 1 7793 B0 g 12425 1263
2 7126 B15 3759 11700 1196
c26 1 3055 191 1946 5193 523
2 2957 196 1876 5030 507
c27 1 2216 91 366 2873 258
2 1587 87 305 1979 193
c28 1 2506 192 1334 4032 406
2 3104 215 1637 4958 498
C29 i 4050 259 2928 7277 735
2 3496 734 2751 6082 741
Direction (1) To Kampala
Direction {2)  From Kampala




Table 4.7 Factored Estimated 12-hour Flows and Pcusir

Pont Drrection Twdalmy Private Heavy Public Al Pousihr Peusrne
Vehicles \ehicles Trarsport Vehicles [cne-way
Peu Factor Pou Facter Pcu Faclor average}
1.1 2 1.3

P1 1 £9% 8402 3r2 1049 9823 G546 473
2 3% _

P2 1 S5% 18413 gl 4347 24081 2301 150
2 42%

P3 H 58% 3814 295 2354 6463 654 327
2 42%

P4 1 574 5036 45 447 5527 517 259
2 43%

PS5 1 57% 3754 455 7121 16370 1653 827
2 43%

P& 1 575 31 320 18933 22544 2406 1203
2 43%

P7 ¥ 56% 16721 967 3358 21087 2062 1031
Y4 44%

(3] i 57% 8533 103 260 10202 847 474
2 43%

PG 1 % 11304 1668, 2302 22374 2 1168
2 40%

P1n 1 82% 24338 1384 1655 27377 2541 1320
2 38%

P11 1 59% 4278 07 1378 6463 675 338

) 2 41%

Pi2 1 56% §903 340 2865 10214 1011 506
2 44%

P13 1 46% 8402 1230 1920 11552 1183 532
2 54%

P14 1 68% 9646 ES0 £259 16564 1672 336
2 372%

P15 1 51% 9419 1193 4886 15502 1592 796
2 49%

P16 1 B63% 22204 1512 183014 42017 4270 2135
2 37%

P17 1 70% 6185 (2] 6034 13378 1394 897
2 30%

P8 1 84% 437 45 &3 550 55 27
2 6%

P19 1 31% 1166 70 91 1328 129 B4
2 65%

P20 1 65% 4588 205 3307 8100 813 406
2 IB%

P21 i 55% 10550 967 7267 18814 1918 959
2 45%

P22 1 54% 5406 1380 2637 8433 1013 508

L 2 45%

223 1 43% 188 13 5 205 20 10
2 51%

P24 1 651% 4378 205 2190 6772 673 336
2 39%

P25 i 63% 7269 416 8714 13396 1354 877
Z 32%

Direction {1}  To Kampala

Ditection (7)  From Kampala




(3) Use of the 24-hour counts

The night time counts provide information to convert 12-hour flows to 24-hour
flows. The weighted average factor is 1.28. There is no data in Uganda on
which to assess seasonal variation of traffic flow. The Study team will assume
that February, the month of the observations, is a typical month for traffic
flows. Average daily traffic (ADT) in pcu terms will be the traffic model flows
multiplied by the factor (12%1.28). Future year ADT estimates will be
converted to vehicles on the basis of the vehicle composition encountered in the
1997 observed flows and the relative growth rates of the three vehicle categories
concemed.

4.1.4 Axle Load Survey

This survey was carried out at the Jinja Road roadside interview site on the day of the
roadside interview survey. A good sample of goods vehicles was obtained. The
method was for drivers to move up the mini-ramp until the wheels of the front axle
were at the weighing position. After that axle load was recorded, the driver would
then move forward until the wheels of the second axle were at the weighing position,
elc.

Tables 4.8 and 4.9 show the results of analyses by the Study Team.
4.1.5 Pavemeni Condition Survey

Pavement condition was determined by a PSI (Present Serviceability Index) survey.
This used a moving observer method to evaluate pavement condition in sections,
divided into sub-sections of up to 1 kilometre in length. The sections are summarised

in Table 4.10 and shown on the location plan, Fig. 4.1.

The 10 characteristics for rating on the specimen PSI survey sheet included in the
Inception Report were adopted and 5 additional characteristics were also rated, giving

15 characteristics in total, as follows:

1. Driving comfort

2. Speed change due to surface condition
3. Patching intensity

4. Degree of rutting
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Tabie 4.8

Loaded Heavy Vehicle Weights (Tonnes)

2 Axles 3 Axles 4 Axles 5 Axles 6 Axles 7 Axles
Total 1002 438.2 140.2 1057.8 1964 .4 353.2
Weight
Number of 80 19 4 23 33 4
Vehicles
Number of 180 57 16 - 115 198 28
Axles
Weight 56 7.7 8.8 9.2 9.9 12.6
per Axle
Table 4.9 Heavy Vehicle Weights (Tonnes)

2 Axles 3 Axies 4 Axles 5 Axles 6 Axles 7 Axles
Total 1085 488 152.9 1098.2 2009.6 353.2
Weight '
Number of 105 23 6 26 35 4
Vehicles
Number of 210 69 24 130 210 28
Axles
Weight 52 6.8 6.4 8.4 9.6 12.6
per Axle
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4.1.6

5. Longitudinal or transverse cracking
6.  Alligator cracking

7.  Pot-hole

8. Pumping

9. Bleeding

10. Shoving/edge depression
11. Edge spalling

12. Ravelling

13. Corrugations/deformations
i4. Bumps

15. Trenching

Table 4.11 presents the results of the pavement condition survey in summary. The
range of scores embraces both variations between different 1 km lengths within a
section and variations between different observers. A detailed check of the results
shows that different observers are reasonably consistent when rating the same
subsection of road.

Matrix Bailding

The roadside interview data (4.1.2) and the traffic count data (4.1.3) were combined
to produce base year (1997) trip matrices for use by the traffic model.

Expansion of the interviews was applied in an orthodox manner, expansion factors
being computed for each hour and vehicle type. This procedure ensured that peak
period trips were properly represented (with a fixed number of interviewers, it is quite -
commion for sampling rates to drop during the peaks). The controlling counts were
the 12-hour observed counts factored down to allow for the lower volume of traffic
encountered at weekends; the details of calculating these factors are given in sub-
section 4.1.3 (1).



The base year (1997) matrix building process had many stages, as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7

For each RSI site and direction, three matrices were built from the expanded

interviews:
Private vehicles : motorcycles, cars, pick-ups and miscellaneous
Heavy vehicles : 2-axle trucks, 3+axle trucks

Public transport vehicles : minibuses and buses

Three inbound (to Kampala) cordon matrices were created by summing the
inbound matrices at the cordon stations }! to J8.

Three outbound (from Kampala) cordon matrices were created by summing the
outbound matrices at the cordon stations J1 to J8.

Three two-way cordon matrices were created by combining the inbound and
outbound cordon matrices, care being taken not to double count the through
(external to external) movements. These matrices did not contain trips internal

to the cordon.

The three mairices were converted to passenger car units per hour (pcus/hr)
using the following pcu equivalents:

Private vehicle : L1 pcus
Heavy vehicle : 2.0 pcus
Public transport vehicle © 1.3 pcus

An initial estimate of internal trips in pcus/hr was made by creating a unit matrix
and Furnessing it to row and column totals which were proportional to the

internal zone trip ends of the cordon peus/hr matrix,

The cordon matrix and the trial internal matrix were added to form a test matrix
in pcusfhr. This was assigned to the base year network and assigned flows
were compared to observed flows (converted to peus/hr). The trial internal
matrix was adjusted up or down and the assignment repeated until the sum of
the assigned flows and the sum of the observed flows were approximately
equal. This was taken as an indication that the number of trips in the internal

matrix was approximately correct. Also at this stage, trips between zones 451



®)

9)

and 452 (both external to site J8 on Ggaba Road) were patched in to match the
traffic count taken at site C12.

The base year network and the prior (test) matrix were input to an ME2
(maximum entropy matrix estimation process) designed to improve the test
matrix. The base year network model was also improved on a trial and error
basis by modifying link capacities. This process was iterative, involving a cycle
of 4 computer programs, namely network build - assign prior matrix - matrix
estimation - assign improved matrix. Throughout, the cross cordon OD
movements, being observed, were frozen.

At this point, the improved pcus/hr matrix was reasonably good, and so too
were the modelled routes, but the information obtained at the internal sites J9
and J10 had not yet been used. A select link assignment was run in order to
obtain the origins and destinations of trips modelled as passing through sites 19
and J10. These were compared with the corresponding observed pcus/hr matrix
for sited J9 and J 10 combined. Those OD movements indicated by the model as
being fully observed at the J9/J10 screenline were patched into the improved
matrix (replacing the previous values). The resultant matrix was then fed back
into the ME2 nrocess.

Steps (7) to (9) involved a degree of complexity, but were necessary to obtain a
good internal matrix, albeit only in pcus/hr. Given the need, in an urban area,
to use a capacity restrained assignment technique, there was no way to establish

separate internal matrices for the three vehicle classes.
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4.2

4.2.1

Characteristics of Traffic in the Study Area

The characteristics of traffic in the Study Area are known from general observations
by the Study Team members, from the results of the surveys undertaken and from
other data sources.

Vehicle Composition

The total number of each vehicle type observed at the 29 12-hour weekday traffic

count sites was:

Bicycle 59,279 14.6% -

Motorcycle and scooter 21,245 5.2% 6.1%
Passenger car and four whee] drive vehicle 152,558 37.5% 43.8%
Taxi/minibus (Matatu) 105,642 25.9% 30.4%
Bus 1,619 0.4% 0.5%
Pick-up truck 49,059 12.0% 14.1%
Truck 2-axles 14,309 3.5% 4.1%
Truck 3-axles or more 2,770 0.7% 0.8%
Other - tractor, road roller etc. 696 0.2% 0.2%

100.0% 100.0%

Bicycle 59,279 14.6% -

Privaie vehicles 223,558 54.9% 64.3%
Heavy vehicles 17,0679 4.2% 4.9%
Public transport vehicles 107,261 26.3% 30.8%

100.0%  100.0%

The percentage contributions of each vehicle type, to total traffic and to motorised
traffic, are given alongside. It can be seen that the dominant modes are bicycles, cars,
matatus and pick-up trucks.

Overall, the percentage of heavy vehicles is very low and is skewed towards the
smaller 2-axle trucks. This is explained by the nature of Uganda’s economy and by
the fact that pick-up trucks, which the Study Team consider to be predominately
private vehicles, also play a role in the transport of goods. The percentage of heavy

vehicles is lower still when the lower weekend flows are taken into account,



4.2.2

4.2.3

The corresponding data for just the roadside interview cordon sites (C1 to C8) are :

Bicycle 17,408 20.3% -

Motorcycle and scooter 4,027 4.7% 5.9%
Passenger car and four wheel drive vehicle 24,038 209.0% 36.4%
Taxi/minibus (Matatu) 24,716 28.8% 36.1%
Bus 331 0.4% 0.5%
Pick-up truck 9,807 11.4% 14.3%
Truck 2-axles 3,835 4.5% 5.6%
Truck 3-axles 765 0.9% 1.1%
Other - tractor, road roller etc. 128 0.1% 0.2%

100.0%  100.0%

Bicycle 17,408 20.3% -

Private vehicles 38,900 45.3% 56.7%
Heavy vehicles 4,600 5.4% 6.7%
Public transport vehicles 25,047 20.1%  36.6%

100.0% 100.0%

At the cordon, along the commuter routes, public transport has a greater share. Also,
the goods traffic using Jinja Road and serving the industrial areas contributes to the

slightly greater share of heavy vehicles.
Vehicle Occupancy and Person Trips

The principle use of the wraffic surveys has been to collect information relating to
vehicle counts and vehicle journeys. However, the effect of the different vehicle
occupancies should be borne in mind. Average occupancies for private, heavy and
public transport vehicles are respectively 2.36, 2.78 and 11.17 people (including the
driver). Therefore, approximately 30% of people travel by private transport and 70%
by public transport.

Axle loads

The axle load survey has revealed that the vehicles with the greatest number of axles,
i.e. the larger vehicles, appear to be overloaded, although there is a possible doubt
about the measurement method when two axles are in close proximity. This being the
case, a small proportion of vehicles may be causing most of the damage fo the
existing roads. The Study Team will stipulate carefuily the required maximum axle

weights for the roads that they design.
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Capacities and Saturation Flows

Observations and the calibration of the base year traffic model have both revealed that
quantities measuring the traffic operational performance, namely capacity and
saturation flow, are significantly lower in Uganda than in developed nations. There
are a number of reasons for this, as listed below, many of which can be reduced over

time given suitable investment and enforcement. Essentially, road space is not being

used efficiently,

wrong type of junction control

ill disciplined behaviour at road junctions

give way to the right at roundabouts not applied
cyclists and pedestrians too close to motorised traffic
conmuercial activities oo close to the road

stop on demand by matatus

insufficient bus stops

irregularity of road width due to poor planning or pavement edge spalling
disruptive effects of potholes

too much on street parking

poor circulation near matatu parks

msufficient number and locations of matatu parks

lack of traffic management in the central areas



CHAPTER 5

FUTURE TRAFFIC DEMAND FORECAST







5.1

5.1.1

FUTURE TRAFFIC DEMAND FORECAST

Future Socio-ecconomic Framework

Poplilation Projection

In the population projection, the applied rates of increase were as follows:

Uganda : 2.5% per annum up to the year 2015

Kampala City 4.6% per annum up to the year 2005
4.5% per annum during 2005 - 2015

The following is the rationale of the respective rates adopted:

1y

2

For the whole Ugandan population, the Statistics Dept. assumed in its
projection the increase rates; 3.5% per annum up to the year 1996, 2.9% per
annum up to the year 2005, and 2.8% per annum up to the year 2015. This
projected population is used in such publications as the “10-year Road Sector
Development Programme”, as officially authorized figures. These assumptions,
however, were judged to be exaggerated because of the fact that the past
population growth registered 2.6% per annum during 1969 to 1980 and 2.5%
per annum during 1980 to 1991 and growth rates have been decreasing.
According to the World Bank Statistics, 1984 - 1993, the neighbouring
countries have different population growth rates; namely, Kenya: 3.1%, Zaire:
3.3%, Rwanda: 2.8%, Tanzania: 3.2%, and Sudan: 2.7%. If the country
characteristics are considered, the past growth rate of 2.5% is appropriate t0
apply in Uganda up to the year 2020. Whilst a constant growth rate has been
adopted, it might implicitly contain the reduction factor. Thus, the Ugandan
population projection has been made on a conservative basis.

With reference to Kampala City population, the prevailing projections can be
found in the “Kampala Urban Study, 1994”. It forecasts, based on the 1991
Census figure of 774,241, that Kampala City’s population will grow to
1,209,931 in the year 2000 and to 1,556,793 in 2004. The projections have
been made by applying the different population growth rates peculiar to each
ward/parish of Kampala City; the total population is the aggregate of the ward-
by-ward projections. The resultant rates of increase are 5.1% per annum during
1991 to 2000 and 6.5% per annum for the years 2000 to 2004,



3)

Other population projections are available in the “10-year Road Sector
Development Programme”™ (growth rate: 5.0% up to 1995) and in the “First
Urban Project” (growth rate: 5.2% up to 1995), but these are not extended to
the year 2000. Under the circunistances, most notice has been taken of the
projection imethodology of the “Kampala Urban Study, 1994". Considering the
past performance of the City’s population growth (3.0% per annum in 1968 -
80 and 4.9% per anmum in 1980 - 91), the rates of increase derived in the
“Kampala Urban Study” are exaggerated, especially for the period from 2000 to
2004. However, the methodology itself, the aggregation of ward/parish
projections, was judged reasonable and was followed. In the “Kampala Urban
Study”, ward/parish area characteristics have been minutely analyzed to
discover what additional population they can absorb and the respective rates of

increase be determined.

The Study Team has applied an annual population increase of 40,130 (the
modified value of the “First Urban Project”) to Kampala City population from
1991 to 1997. The resuitant average annual growth rate of population is 4.6%,
which was used up to 2005. From 2006 onwards, a slightly reduced rate of
4.5% per annum was adopted vp to 2020, taking into account limits to urban
population growth in the city area.

Application to individual wards

The “Kampala Urban Study, 1994” assumes a rate of population growth
between 2.0% and 6.5% in each ward/parish inside Kampala City. The low
rate of 2.0% is applied to the built-up areas mostly located around the CBD,
while high rates are applied to the prospective development areas such as the
planned sub-centres and the suburban fringes. Well-balanced urban
development has been aimed at, as part of the structure plan targeted for the year
2004. Population projections carried out in the “Kampala Urban Study” take,
therefore, full account of the socio-economic characteristics of each area. The

area’s capacity to accommodate additional population is reflected in the applied

‘rates of population increase.

The tables below show the population projection results, for both Uganda and
Kampala City.



5.1.2

5.1.3

Uganda

Unit: thousand

Year Population Applied Growth Rate (%}
1991 16,671.7 (Base Year)

1997 19,334.4 2.5

2005 23,557.0 2.5

2015 30,155.0 2.5

2020 34,117.6 2.5

Kampala City

Unit: thousand

Year Population Applied Growth Rate (%)
1991 774.2 (Base Year)

1997 1,015.0 4.6

2005 1,454.5 4.6

2015 2,258.8 4.5

2020 2,814.9 4.5

Forecasts of Economic Activity and Income Level

The government is expecting the economic growth during FY1996/97 to FY1998/99

~to be 5.5% in real terms. In the light of the past achievement in the economic growth

(1986 - 1995: 6.7%; 1990 - 1995: 6.9%, 1993 - 1994: 10.1%, 1994 - 1995:
8.7%), this target is realistic but cautious. The Study Team assumes the Ugandan
economy will grow at a rate of 6.2% per annum for the coming 8 years, should the

favorable socio-economic conditions be maintained, reducing to 4.6% after 2005.

The per capita GDP will continue to grow at a rate of 3.6% per annum in line with the
above economic growth over the coming 8 years, reducing to 2.0% thereafter.
Coinciding with the per capita GDP, the income level of the country population as
well as Kampala City residents will increase. However, the fact that Kampaia City
residents have more than double the income level of the country population is not
expected to change.

Forecasts of Employment

It was assumed that the employment volume is subordinate to the total population in
the area. Total Ugandan employment is equal to the working population as stated in
Chapter 2, which is 37.7% of the total population. In the case of Kampala City the



5.1.4

employment ratio to the total population has been modified, taking into account the

commuter movement from the neighboring areas. The ratio applied in Kampala City
was 40.0%.

Employment volumes in Uganda and Kampala City were obtained from the projected
population muitiplied by the respective ratios, as shown below.

Unit: thousand

Year Uganda Kampatla City
1997 7,289.1 : 406.0
2005 8,881.0 581.8
2015 11,368.4 903.5

Breakdown by Traffic Zone

The projected population and forecasted employment were allocated to each traffic
zone, to formulate planning data for the traffic demand forecast. The present situation
is indicated for the year 1997, while future forecasts are shown in 2005 and 2015.
Allocation of population and employment was made in accordance with the area
characteristics and the land use classification inside the traffic zone.

Tables 5.1 to 5.3 present the planning data thus formulated within the future socio-
economic framework. The features relative to these planning data are illustrated in

Figs. 5.1 (a), (b}, (¢) and Figs. 5.2 (a), (b), (c), only for Kampala City inner traffic
ZOnes.



Table 5.1 Planning Data for Kampala City Inner Traffic Zones, 1997
Unit: thousand

Zone Code Area(ha) Population Employment
Agriculture Industry Commerce/Services

010 227.0 10.2 - - 4.6
011 47.4 3.9 - - 8.7
012 54.5 11.6 - 2.6 10.5
013 133.3 3.9 - 8.9 8.5
020 470.6 13.9 0.6 - 3.5
021 163.2 1.2 - 22.2 -

030 171.7 30.9 0.2 0.7 2.7
040 182.4 38.3 0.2 6.7 1.5
050 1124 24.0 1.0 0.2 2.0
110 116.2 21.2 0.7 5.5 0.6
111 372.7 58.2 1.4 0.3 2.5
112 1,150.3 21.1 14.8 - -

120 329.1 30.1 3.6 7.9 2.0
130 3733 62.7 1.4 - 3.7
210 462.5 3.3 4.5 3.4 1.4
21 96.5 13.9 0.2 15.6 3.8
212 366.2 209 0.5 7.7 0.9
213 260.0 2.2 2.5 7.7 -

214 416.0 13.0 3.1 ' 3.4 3.1
215 510.0 15.4 5.0 0.5 4.6
310 3539 37.2 0.9 0.3 3.2
311 292.1 433 1.4 2.3 9.4
320 269.8 52.3 - - 5.4
322 1,400.9 29.0 20.6 1.1 4.2
410 200.7 26.0 - 2.0 4.0
411 386.3 19.1 0.5 2.0 1.9
412 819.3 30.4 5.0 7.8 7.4
420 481.9 36.3 2.3 1.4 5.8
421 1,122.2 71.4 8.3 0.8 3.4
430 i91.0 25.4 0.2 0.6 5.1
431 795.8 31.2 8.8 - -

451 792.8 29.7 8.8 - -

452 934.3 21.6 12.6 - ' -

461 1,232.6 53.2 6.0 5.1 4.6
462 833.3 40.1 6.1 18.8 6.3
471 1,496.1 37.8 18.4 1.1 4.5

Source: Study Team



Table 5.2 Planning Data for Kampala City Inner Traffic Zones, 2005
Unit: thousand

Zone Code  Population Employment
Agriculture Industry Commerce/Services

010 11.9 - - 53
011 4.6 - - 16.2
012 13.5 - 3.0 12.3
013 4.6 - 10.0 10.0
020 16.3 0.5 - 4.1
021 1.4 - 22.6 -

030 36.2 0.2 0.6 3.6
040 44.9 0.2 14.5 2.8
050 35.5 0.7 6.3 3.8
110 31.2 0.5 10.1 1.4
il 89.3 1.0 0.5 5.8
112 32.4 14.0 15.0 6.5
120 35.2 3.1 10.9 5.3
130 96.2 1.3 - 9.7
210 12.7 4.3 5.2 2.1
211 21.3 0.2 20.4 5.8
212 32.1 0.5 8.3 2.4
213 14.1 2.4 8.5 4.1
214 16.2 2.9 5.0 5.6
215 18.0 4.3 0.6 54
310 49 .8 0.7 0.4 6.2
311 64.7 1.3 4.9 14.9
326 71.6 - - 8.4
322 44.5 19.5 3.2 3.4
410 35.6 - 3.0 7.0
411 26.1 0.4 3.8 3.7
412 46.7 4.8 9.4 i24
420 49.7 1.7 1.9 8.9
421 109.6 7.8 1.2 6.2
430 37.5 0.1 0.9 9.5
431 47.9 8.3 - 2.5
451 45.9 8.3 1.8 5.0
452 29.6 12.1 - 6.3
461 78.6 5.7 9.4 7.8
462 61.5 5.8 273 6.7
471 58.0 17.4 16.9 11.9

Source: Study Team



Table 5.3 Planning Data tor Kampala City Inner Traffic Zones, 2015

Unit: thousand

Zone Code  Population Employment
Agriculture Industry Commerce/Services

010 13.1 - - 5.8
011 5.1 - - 11.3
012 14.9 - 33 13.6
013 5.1 - 11.8 11.0
020 18.0 0.5 - 4.5
021 1.5 - 22.6 -

030 48.6 0.2 3.8 9.6
040 60.3 0.2 19.5 7.6
050 43.3 0.6 1.9 9.2
110 46.2 0.4 15.0 4.2
111 152.5 0.9 3.2 15.7
112 58.0 13.2 26.9 13.6
120 52.1 2.1 16.1 7.8
130 1643 1.2 2.3 21.5
210 21.7 4.1 8.9 8.6
211 26.0 0.1 24.9 12.1
212 54.8 0.4 14.5 9.1
213 24.1 2.2 14.5 95
214 32.8 2.8 10.8 il.1
215 26.6 4.1 3.9 11.0
310 73.7 0.7 3.6 11.7
311 95.8 1.2 8.1 25.0
320 106.0 - 0.7 13.9
322 79.7 18.4 8.7 17.5
410 52.7 - 4.4 15.3
411 38.6 0.4 5.6 9.1
412 69.1 4.0 16.9 234
420 73.6 1.5 58 15.7
421 196.3 7.3 5.1 13.6
430 55.5 0.1 4.3 16.5
43] 78.0 7.9 3.0 6.1
451 74.8 7.9 5.9 9.6
452 48.2 9.4 5.5 13.7
461 128.0 4.4 15.3 14.2
462 105.1 4.4 28.5 13.4
471 108.9 12.4 28.8 203

Source: Study Team
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5.2

5.2.1

5.2.2

Generating/Attracting Traffic (Trip Ends)

Outline Methodology

The growth of trip ends relative to those of the base year matrices was driven by
forecast population and land use changes and their predicted effects on employment of
various types, and by a forecast of macro-economic growth. Trip end growth was
forecast for 2 years, 3 broad categories and 3 types of zone, as follows :

- Tuture years 2005 and 2015
- private, heavy and public transport vehicles
- zones inside the roadside interview cordon (010 to 431)

- zones outside the cordon but inside Kampala City (451 to 471)

zones outside Kampala City (500 to 703)

The method involved explaining the observed 1997 (base year) trip ends for each
vehicle category in terms of population and employment effects, then using the fitted
relationships and zonal forecasts of population and employment to predict future
changes in those trip ends. An additional facior was the anticipated response of
people to economic growth and higher incomes; this can affect travel mode choice
considerably. Details of the main steps now follow.

Explaining Base Year Demand

Because our traffic model and trip ends relate to an average hour of an average 12-
hour day, the matrices are nearly symmetric and for all practical purposes the trips
from a zone and the trips to the same zone are influenced by population and
employment in a similar manner. The influences of population and employment vary
from zone to zone according to the activities being carried out in the zones.

‘The trip ends of the observed 1997 matrices were explained in terms of the available
estimates of population and employment, the latter subdivided into employment
related to agricultural, industrial and commercial land uses. This was implemented in
a spreadsheet by allocating weighting factors to population and to each of the 3
employment types, and thus building up a score for each zone. The weighting factors
were adjusted until the zonal scores were approximately proportional to the observed
trip ends. Separate weighting factors were established for each of the 3 vehicle
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categories and 3 types of zone. The subdivision into 3 types of zone was necessary
for the following reasons :

- for the internal zones, the observed trip ends are partial, relating only to cordon

crossing movements; the cordon is a line through the roadside interview stations
1 to 38.

- for the zones external to the cordon but internal to Kampala City, the observed
trip ends include cordon crossing movements to and from internal zones plus
some through {(external to external) movements.

- for the zones outside Kampala city, the situation is similar but only population
data was available to explain the observed trip ends.

Forecasting Future Trip Ends

The weighting factors established in explaining the base year trip ends were applied to
the forecast population and employment for each zone to produce the trip end
forecasts for 2005 and 2015. Overall, the population of Kampala is forecast to grow
at 4.5% per annum between 1997 and 2015, with total employment increasing
proportionately, but with a swing away from agricultural employment towards
industry and commerce. Also, population is forecast to increase at a faster rate in the
outlying areas of Kampala than in the centre.

Additional factors related to economic growth were applied. The forecast increases in
GDP per capita are 3.6% per annum between {997 and 2005, reducing to 2%
between 2005 and 2015. Private vehicle trips per capita were assumed to increase at
faster rates, 5.5% between 1997 and 2005, and 3% thereafter. Heavy goods vehicle
trips per capita were assumed to rise in line with economic growth. Public transport
{rips per capita were assumed not to respond to economic growth; indeed in many
countries there has been a negative effect as people switch to private transport. The
response to economic growth was not applied to zones 011, 012 and 013 in central
Kampala, on the grounds that there are natural constraints on vehicle trip growth in
these highly concentrated downtown areas. '

The forecast growth in purely internal trips (which for the base year 1997 were
estimated, not observed) was in line with the forecast growth in iniemal to exiernal
and external to internal trips.
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5.3.1

Future Vehicle OD Matrices
Technique and Resulls

For both future years, the above procedures gave estimates of trip end growth relative
to 1997 for:

- the private vehicle 12-hour cordon matrix

the heavy vehicle 12-hour cordon matrix

the public transport vehicle 12-hour cordon matrix

the intemal pcus/hr matrix

A “Frater” technique, in which the input (1997) matrix rows and columms are
iteratively adjusted to match the forecast trip ends, was applied to each of the 4
matrices in turn. This process is mathematically convergent and yields an output
matrix that complies with the specified row and column (trip end) totals to whatever
level of precision is specified. The procedure for combining the 4 matrices to produce

a full peus/hr matrix was the same as that used in forming the 1997 pcus/hr matrix.

Table 5.4 shows the total number of trips in the cordon matrices and in the full
matrices for years 1997, 2005 and 2015, together with the growth factors relative to
1997. The overall forecast pcus/hr growth relative to 1997 was 1.69 for year 2005
and 3.14 for 2015, corresponding to compound growth rates of 6.8% per annum
between 1997 and 2005 and 6.4% per annum between 2005 and 2015. These are
high growth rates but not as high as the 10% experienced over the past decade.

In order to illustrate the geographical variation in trip end growth and the distribution
of trips, 16 sectors formed b