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Abstract

In the urban hierarchy, what do different types, or tiers of human settlement do and what are
their competitive versus complementary relationships to each other? We specify a hierarchy
model of settlements and, in novel work, estimate the spatial relationships between them
econometrically for sub-Saharan African countries. The paper uses satellite data to determine
the number and extent of settlements (based on built area), from mega-cities down to hamlets.
Settlements in different tiers of size generally specialise in different activities. We model this by
supposing three settlement types: agricultural, agro-processing and traditional manufacturing,
and higher order activities including business services and modern manufacturing. We ground-
truth this production pattern by tier for 8 African countries for which data are available. Given
many dispersed agricultural settlements, the model predicts regular spacing of agro-processing
settlements, and of fewer and larger manufacturing/service settlements. This pattern is driven
by a competitive relationship between settlements of the same type (competing for production
inputs and in output markets) and a complementary relationship between settlements of different
type (producing different goods in an input-output structure). We then turn to looking at city
growth from 2000-2014 for 27 African countries, defining tiers empirically by what best
explains patterns of growth under forces of competition and complementarity. In examining
the relationships across cities in different tiers, we find a larger neighbour in the same tier
impinges on own size, or cities are in a competitive relationship within their own tier. On the
other hand, proximity to a larger settlement of a different tier than their own enhances size,
revealing a complementary relationship across tiers.
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Tables

Table 1: The data in the 2014 cross-section

ey (@) 3) “4) &) (6) @)

Size category Min size Max size Total built Shell area Count Share built

1 [0.0009,0.251] 0.0009 0.2511 2608 447165 105366 0.1000
2 (0.251,1.44] 0.2520 1.4445 2607 112957 4716 0.1000
3 (1.44,5.85] 1.4454 5.8536 2606 62547 954 0.0999
4 (5.85,18.2] 5.8554 18.1845 2595 41014 261 0.0995
5 (18.2,43.6] 18.3942 43.6311 2586 26117 91 0.0991
6 (43.6,95.5] 43.6869 95.4792 2645 34056 41 0.1014
7 (95.5,173] 96.8661 173.4880 2494 25710 20 0.0956
8 (173,313] 173.6270 313.4980 2486 17023 10 0.0953
9 (313,544] 347.6650 543.6480 2804 20616 7 0.1075
10 (544,1.37e+03] 634.6690 1370.4000 2649 12997 3 0.1016

Note: The table depicts a summary of our 2014 data for Africa as a whole. It divides the data into 10 bins of
(almost) equal share of total built area. Shares and total built area (in sq. km.) in each bin are given in columns 7
and 4 respectively.
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Table 2: City counts by country in each tier and optimal cut-offs

Number of settlements

Isocode Country name k1 k2 tier-1 tier-2 tier-3
AGO Angola 95 99.5 124 627 640
BEN Benin 95 98 81 84 182
BFA Burkina Faso 93 98 35 87 313
BWA Botswana 94 98 36 43 232
CAF Central Afr. Rep. 95 99 222 271 302
CIvV Cote d’Ivoire 91 98 862 947 951
CMR Cameroon 87 99 56 454 492
ETH Ethiopia 94 99 253 263 366
GHA Ghana 87 95 81 229 844
GIN Guinea 88 92.5 145 158 1141
KEN Kenya 95 98.5 74 106 282
LBR Liberia 85 97 31 315 365
MLI Mali 93 99 226 686 690
MOz Mozambique 93 99.5 67 410 418
MWI Malawi 88 97.5 32 182 324
NAM Namibia 93 99 55 175 264
NER Niger 86 98 122 522 627
NGA Nigeria 95 99 789 1220 1303
SDN Sudan 95 99.5 56 196 370
SEN Senegal 92 98.5 64 196 251
SLE Sierra Leone 94 97.5 201 207 346
TCD Chad 94 99.5 46 209 251
TGO Togo 94 98.5 38 84 122
TZA Tanzania 95 99 240 473 648
UGA Uganda 94 98.5 69 142 252
ZMB Zambia 95 99.5 40 287 400
ZWE Zimbabwe 95 99 96 319 476

Note: Cut-off numbers give the fraction of national urban built area accumulated by tier 1 and tier 2 cut-offs (k1 and
k2). Corners occur if cut-offs are at 75 or 95 (tier 1) and 90 and 99.5 (tier 2). While we the pick value that
minimizes SSR as described in the text based on 2SLS and predicted values of variables, among all k1 and k2
pairs, pairs considered are constrained to values so there are sufficient degrees of freedom to conduct reduced
form estimation and to ensure the count of tier-1 cities< tier-2< tier-3.
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Table 3: Industrial composition by tier

Country name Variables Share primary Share manu Share tertiary
Share tier-2 0.302*** —0.069"** —0.233"**
(0.023) (0.005) (0.019)
Pooled Share tier-3 0.275%* —0.065*** -0.210"**
(0.031) (0.008) (0.025)
N 811
Share tier-2 0.578** —0.188"** —0.390"**
(0.130) (0.042) (0.102)
Benin Share tier-3 0.243 —0.102*** -0.141
(0.159) (0.024) (0.140)
N 75
Share tier-2 0.376*** —0.108"** —0.268"**
(0.094) (0.025) 0.077)
Cameroon Share tier-3 0.378 0.150 0.228
(0.433) (0.120) (0.373)
N 58
Share tier-2 0.368*** -0.108** —0.260"**
(0.111) (0.037) (0.079)
Ethiopia Share tier-3 0.263* —-0.070*** —0.193***
(0.058) (0.020) (0.042)
N 68
Share tier-2 0.298*** -0.079*** —0.220"**
(0.049) (0.022) (0.034)
Ghana Share tier-3 0.401*** —0.107*** —0.294***
(0.059) (0.024) (0.042)
N 110
Share tier-2 0.304** -0.066"** —0.239***
(0.042) (0.008) (0.036)
Mozambique Share tier-3 0.363** —0.083*** —-0.280"**
(0.045) (0.009) (0.037)
N 141
Share tier-2 0.216*** —0.043"** —0.173"**
(0.058) (0.013) (0.046)
Tanzania Share tier-3 0.186** —0.046*** —0.140**
(0.077) (0.012) (0.068)
N 127
Share tier-2 0.301*** —0.060"** —0.241"
(0.055) (0.011) (0.046)
Uganda Share tier-3 0.236" —-0.039*** -0.197**
(0.050) (0.013) (0.039)
N 160
Share tier-2 0.277** —0.048"** —0.229***
(0.066) (0.014) (0.052)
Zambia Share tier-3 0.271%* —0.049*** —0.223***
(0.057) (0.017) (0.044)
N 72

Note: These regressions are estimated using maximum likelihood estimation (MLE). We use iterated seemingly unrelated regressions. Note
that since tier shares add to 1, there are only two free share-tier variables. In share primary, mining employment is excluded. In the pooled
results, we control for the country fixed effects. Robust standard errors are in parentheses. ***, ** * denote statistical significance at the 1%,
5%, 10% levels, respectively.
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Figures

Figure 1: Model simulation: employment

Employment around a circle (600 locations)

Employment on a disk (hexagonal lattice, 1147 locations)
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Figure 2: Employment and own- and cross-tier effects
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Figure 3: OLS coefficients by country code
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Note: Columns show coefficients for cities in tiers 1 to 3 from left to right. Rows are for tier 1, 2 and 3 (top to
bottom) AM A effects on cities of each type. Points with green error bands show points that are significant at the
10% level, but error bands show 5% confidence intervals. Blue [orange] points are negative [positive]. Numbers
on horizontal axis are degrees of freedom in estimation.
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Figure 4: Decomposition coefficients by country code: Income effects
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Note: Columns show coefficients for cities in tiers 1 to 3 from left to right. Rows are for tier 1, 2 and 3 (top to
bottom) AM A effects on cities of each type. Points with green error bands show points that are significant at the
10% level, but error bands show 5% confidence intervals. Blue [orange] points are negative [positive]. Numbers
on horizontal axis are degrees of freedom in estimation.
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Figure 5: IV coeflicients by country code
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Note: Columns show coefficients for cities in tiers 1 to 3 from left to right. Rows are for tier 1, 2 and 3 (top to
bottom) AM A effects on cities of each type. Points with green error bands show points that are significant at the
10% level, but error bands show 5% confidence intervals. Blue [orange] points are negative [positive]. Numbers
on horizontal axis show 1st stage partial Sanderson-Windmeijer F-stats.
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Table Al: Built by countries 2014

Built-up area

Numbers of Total Shell Total Mean Min Max Share
Isocode Country Name Settlements (km?) (km?) (km?) (km?) (km?) (%)
COD DR Congo 19498 120336.80 2048.09 0.11 0.0009 163.48 7.85
NGA Nigeria 10221 97178.38 7370.73 0.72 0.0009 1370.40 28.26
MLI Mali 6142 36976.31 435.62 0.07 0.0009 188.15 1.67
AGO Angola 5977 33587.40 1199.91 0.20 0.0009 543.65 4.60
CIv Cote d’Ivoire 5369 31568.46 1172.27 0.22 0.0009 252.83 4.49
NER Niger 4657 52041.15 400.70 0.09 0.0009 60.48 1.54
ETH Ethiopia 4162 26189.77 506.41 0.12 0.0009 136.58 1.94
TZA Tanzania 4087 30131.74 870.39 0.21 0.0009 311.89 3.34
ZMB Zambia 3648 20705.72 578.58 0.16 0.0009 163.21 222
MOZ Mozambique 3363 31042.95 978.79 0.29 0.0009 357.85 3.75
GIN Guinea 3285 18326.49 51091 0.16 0.0009 186.73 1.96
ZWE Zimbabwe 3069 25198.89 524.29 0.17 0.0009 304.98 2.01
SDN Sudan 2982 25877.56 840.06 0.28 0.0018 368.81 3.22
CMR Cameroon 2980 22154.09 703.53 0.24 0.0009 173.63 2.70
MDG Madagascar 2733 12921.70 184.82 0.07 0.0009 74.82 0.71
GHA Ghana 2489 24045.29 2063.33 0.83 0.0009 634.67 791
UGA Uganda 2489 14524.96 427.30 0.17 0.0009 249.92 1.64
BFA Burkina Faso 2078 11140.58 359.06 0.17 0.0009 171.35 1.38
KEN Kenya 2023 16338.74 288.30 0.14 0.0009 108.49 1.11
SLE Sierra Leone 1836 9896.72 238.55 0.13 0.0009 68.47 0.91
CAF Central Afr. Rep. 1644 11275.89 147.76 0.09 0.0009 64.84 0.57
LBR Liberia 1634 9628.08 233.42 0.14 0.0009 109.05 0.90
TCD Chad 1536 11425.47 185.68 0.12 0.0009 84.15 0.71
SEN Senegal 1524 14165.55 661.50 0.43 0.0018 347.67 2.54
BWA Botswana 1288 11332.85 302.26 0.23 0.0018 113.68 1.16
COG Republic of the Congo 1189 9164.72 214.87 0.18 0.0009 128.01 0.82
MWI Malawi 1167 7279.15 164.84 0.14 0.0009 61.30 0.63
NAM Namibia 1079 7818.23 110.69 0.10 0.0009 24.66 0.42
BEN Benin 1073 11136.86 597.71 0.56 0.0009 307.60 2.29
SOM Somalia 995 10179.89 585.61 0.59 0.0009 120.02 2.25
SSD South Sudan 860 6048.82 100.75 0.12 0.0009 42.03 0.39
GAB Gabon 694 3609.37 86.61 0.12 0.0009 46.77 0.33
TGO Togo 610 4338.59 257.66 0.42 0.0009 173.49 0.99
GNB Guinea-Bissau 582 3377.96 68.20 0.12 0.0009 29.50 0.26
RWA Rwanda 499 3624.15 154.92 0.31 0.0009 95.48 0.59
BDI Burundi 389 1961.55 72.78 0.19 0.0009 41.22 0.28
MRT Mauritania 384 3049.38 126.70 0.33 0.0009 99.68 0.49
Swz Eswatini 344 3485.37 56.60 0.16 0.0018 29.68 0.22
LSO Lesotho 229 2738.02 71.76 0.31 0.0018 52.71 0.28
GNQ Equatorial Guinea 227 1159.11 35.18 0.16 0.0009 19.95 0.13
ERI Eritrea 224 1881.98 9.31 0.04 0.0009 4.39 0.04
GMB Gambia 202 1310.90 132.55 0.66 0.0027 98.14 0.51
STP Sao Tome and Principe 8 27.66 0.35 0.04 0.0036 0.31 0.00

Note: We drop countries that have less than 200 settlements existing from 1975 to 2014 in total and we lose more
because of lack of data and drop the DRC because of very poor quality road data. In total we have 27 countries for
our analysis. The “Share” column indicates the proportion of an individual country’s built-up area relative to the
sum of built-up areas across all sample countries.
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Table A2: The data in the 1975 cross-section

ey 2) 3 “ S) (6) @)

Size category Min size Max size Total built Shell area Count Share built

1 [0.0009,0.222] 0.0009 0.2223 1071 171039 44790 0.1001
2 (0.222,1.35] 0.2232 1.3464 1068 37138 2068 0.0998
3 (1.35,5.37] 1.3572 5.3730 1070 20892 424 0.1000
4 (5.37,13.5] 5.4747 13.4703 1060 12627 123 0.0991
5 (13.5,26.9] 13.5765 26.8965 1063 11355 56 0.0993
6 (26.9,56.9] 27.0990 56.9205 1046 6482 27 0.0977
7 (56.9,95.6] 61.4259 95.6313 1075 8200 14 0.1005
8 (95.6,146] 102.7250 146.0940 1077 7779 9 0.1006
9 (146,213] 182.7150 212.9180 1000 7137 5 0.0935
10 (213,472] 328.6430 472.2970 1169 4383 3 0.1093

Note: The table depicts a summary of our 1975 data for Africa as a whole. It divides the data into 10 bins of
(almost) equal share of total built area. Shares and total built area (in sq. km.) in each bin are given in columns 7
and 4 respectively.

Figure Al: Accra, Nairobi, Small towns

(a) Accra (b) Accra(No cut-off)

(c¢) Nairobi (d) Nyeri

Note: The Figure shows the boundaries of four sample cities. Panel (a), (c), (d) show the boundaries generated using
the 95% cut-off in year 1975 and 2014. Panel (b) shows the boundaries generated if using zero cut-off for Accra.
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