
Academic Editor: Dursun Zafer Seker

Received: 14 May 2026

Revised: 20 June 2026

Accepted: 22 June 2026

Published: 27 June 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Locked at the Node? Spatial Reconcentration and Conditional
Diffusion Around Chinese-Financed Port Infrastructure in Africa
Hang Ren 1,2 , Tianhe Jiang 1 and Mo Bi 3,*

1 Population Research Institute, Nanjing University of Posts and Telecommunications, Nanjing 210023, China;
rh@njupt.edu.cn (H.R.)

2 China Society for African Studies, Nanjing University, Nanjing 210023, China
3 School of Foreign Languages, Southeast University, Nanjing 210096, China
* Correspondence: bimo@seu.edu.cn

Abstract

Ports are often expected to convert external connectivity into wider territorial development,
yet the spatial reach of those gains is rarely observed directly around treated projects.
This paper traces spatial change around 22geocodable physical port infrastructure projects
drawn from a 58-unit African project universe. Local port node intensification is common,
but outward diffusion is conditional. The strongest change is concentrated within 0–10 km
of the port node, and most projects reinforce existing coastal nodes. When gains extend
outward, they appear more clearly in activity and built-space uptake than in population.
Node-centered activity intensifies first, followed by wider built-space uptake and land-use
reorganization; population absorbs more slowly and less systematically. Outward diffusion
is also more likely where local gains connect to stronger inherited or later-reinforced road
networks and to an existing settlement skeleton. Overall, port-generated gains often
remain concentrated at the coastal node; only where corridor connectivity and an existing
settlement skeleton are present do they begin to reorganize nearby settlements.

Keywords: port infrastructure; African ports; Chinese finance; spatial reconcentration;
conditional diffusion; built-space uptake; settlement restructuring

1. Introduction
Major port investments are expected to do more than improve maritime access. They

are also expected to widen market access [1,2], reorganize coastal urban systems [3,4],
support corridor formation [5–7], and generate economic opportunity beyond the water-
front [8–10]. These expectations follow from the position of ports at the interface between
maritime circulation and inland territory: ports function as gateways through which ex-
ternal connectivity is translated, unevenly and sometimes incompletely, into local and
regional development [11–15]. The unresolved question is whether those expected gains
can actually be observed beyond the waterfront once a major port investment is underway.

In Africa, that question is especially difficult to answer empirically. Large port in-
vestments are routinely linked to claims about corridor integration, urban transformation,
and broader regional opportunity [7,16,17]. Those claims are plausible, but the spatial
sequence behind them is hard to observe around treated ports. A project may intensify
operations at the waterfront, widen built-space uptake in the immediate port zone, and
still fail to generate the same response in nearby settlements, secondary centers, or pop-
ulation distribution [18,19]. Emerging work on belt and road infrastructure has begun to
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document land-use change around African port nodes such as Djibouti, yet still operates at
the urban-landscape scale rather than tracing within-site spatial gradients [20]. The central
empirical question is therefore whether port-generated gains remain concentrated around
a coastal node or begin to travel across the surrounding settlement field.

Existing studies illuminate parts of that question, but none resolve it on its own.
Research on Chinese overseas infrastructure and development shows that transport projects
can reshape local economic geography, yet ports are often treated as one element of a
broader portfolio that also includes roads, railways, and power [16,21–23]. Research on
ports, port cities, and hinterlands provides the richest conceptual language for gateways,
interfaces, and inland accessibility, but it tends to emphasize traffic, competitiveness,
and corridor organization rather than nearby spatial outcomes measured around treated
sites [3–5,9,11,24]. Remote-sensing studies show that spatially uneven development can be
observed consistently across large territories, but they rarely combine a port-only African
project universe with within-site distance contrasts, settlement validation, and nearby
agglomeration screens in a single design [25–30]. Recent continental-scale modeling of
African urban expansion projects spatial patterns under alternative development scenarios,
but remains at the national or city scale rather than resolving project-level treatment
contrasts [31]. These expectations are well founded, yet the spatial sequence around treated
ports remains difficult to observe directly. The empirical gap is whether post-commitment
gains stay locked at the coastal node or begin to spread across nearby settlements.

The contribution of this paper is to make that question directly observable within
a bounded African universe of treated port infrastructure projects. Chinese-financed
projects are chosen as the analytical universe for three practical reasons. First, the CPORTS
2.0 database (AidData, William & Mary, Williamsburg, VA, USA) provides the most
complete geocodable record of port infrastructure commitments in Africa during the
2000–2020 window, with systematic temporal and spatial fields that are not uniformly
available for other financing sources. Second, Chinese financing commitments supply a
common temporal anchor—the recorded commitment year—that aligns projects around a
comparable financing stage. Third, these projects span a wide range of scales, coastal set-
tings, and host-country contexts, making them informative for observing spatial variation
rather than for isolating a single country-specific mechanism [32,33]. The main analyti-
cal sample comprises 22 geocodable physical port infrastructure projects retained from a
58-unit African project universe. Chinese financing defines the project universe and the
common temporal anchor, while the empirical design follows spatial change from the imme-
diate port node into progressively wider surrounding fields; throughout, Chinese financing
serves as a sampling frame and timing anchor rather than as an analyzed mechanism.

Against that background, the paper asks three linked questions. What changes first
after a port infrastructure commitment: activity, built-space uptake, or population? Do
these projects mainly intensify existing coastal nodes, or do they generate detached urban
formations? And when gains extend beyond the immediate port zone, how far do they
travel and through which response layer? The evaluation problem is whether observed
gains remain locked at node performance or register as wider territorial transmission.

2. Materials and Methods
2.1. Study Universe and Project Sample

The study universe is drawn from the CPORTS 2.0 database (AidData, William &
Mary, Williamsburg, VA, USA) CPORTS 2.0 database and its associated geocoded project
infrastructure [32,33]. The African subset contains 88 records corresponding to 58 unique
port–country units. These units define a bounded African project universe of Chinese-
financed port activities rather than a census of African ports.

https://doi.org/10.3390/land15071161

https://doi.org/10.3390/land15071161


Land 2026, 15, 1161 3 of 18

The main analytical sample applies four screens to that universe. It retains aggregate-
eligible seaport units (58 to 41), implementation or completion cases (41 to 36), units with a
usable geographic point (36 to 32), and physical port infrastructure rather than equipment-
only records. After aggregation, this yields 22 geocodable physical port infrastructure
projects in 14 countries (Table 1).

Manual review checks whether units excluded at the coordinate and facility stages
should re-enter the sample as single-site port works. In practice, the excluded cases are
multi-site landing-site programs, planning-stage zone projects, or equipment-only entries,
so the final main sample remains 22.

Table 1. Construction of the final African port infrastructure project sample.

Screen Units Retained Why Units Drop out

African project universe 58 Starting population of African
port–country units in CPORTS 2.0.

Aggregate-eligible seaport units 41

Removes mixed-component,
out-of-scope, and
non-aggregate-ready records under
CPORTS’ recommended flag.

Implementation/completion units 36
Removes pipeline-only projects not
yet in an observable build or
operating stage.

Final geocodable physical port
infrastructure sample 22

Removes units without a single
comparable point and then excludes
equipment-only or other
non-facility records.

2.2. Event-Time Anchor and Timing Audit

Event time is anchored at the recorded Chinese financing commitment year. Commit-
ment is used as a financing-window marker because it is the most consistently observed
temporal field across the retained sample and is tied directly to the financing logic that
defines it. The event-study contrasts therefore align projects around a comparable financing
stage rather than a literal engineering start date [34–36].

That choice is audited against recorded start and completion fields, supplemented
where needed by manual external checks. Ports are grouped into timing-risk classes using
natural-breaks (Jenks) classification applied to the commitment-to-completion gap. The
breaks separate Class A (shorter gaps, 11 ports), Class B (intermediate gaps, 9 ports),
and Class C (longer gaps or no usable completion record, 2 ports: Doraleh and Nacala).
Because Class C is small and represents higher timing uncertainty, it is flagged explicitly in
robustness checks. Commitment precedes completion by a median of 3 years in the retained
sample, so it is retained as a usable financing-window anchor with bounded interpretation.

2.3. Spatial Units: Rings, Settlements, Agglomerations, and Subnational Fields

The first spatial layer is a port-centered ring system. Around each treated port,
space is partitioned into 0–5 km, 5–10 km, 10–25 km, 25–50 km, and 50–100 km zones, with
the outermost ring serving as the within-port benchmark. The 50–100 km ring serves
as the within-site benchmark: it lies beyond the direct construction footprint but inside
the same coastal sub-region, allowing common trends to be differenced out. The core
comparison is therefore internal to each treated site rather than based on an external control
location. Because rings are constructed independently around each port, nearby ports can
produce overlapping rings; this does not bias the within-site inner–outer contrast, which is
computed separately for each node; excluding one member of the closest pair (Djibouti,
Table 3) leaves the result essentially unchanged. For outward diffusion diagnostics, space
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beyond the immediate port zone (0–10 km) is subdivided into a mid-field (10–50 km) and an
outer-field (50–100 km) ring. A secondary center is defined as the nearest GHSL settlement
polygon outside the immediate port zone whose centroid lies in the same or adjacent
GLocal level-2 unit.

The second spatial layer draws on GHSL 2000 settlement polygons [28] to describe
agglomeration context.The core event-study analysis proceeds with the ring system
described above.

The third layer extends beyond the immediate port field to nearby agglomerations
and subnational units. Africapolis agglomerations [37], GLocal level-2 units [38], and a
nearby secondary-center screen are used for wider-field summaries across the surrounding
settlement field.

2.4. Outcomes

Two annual outcomes are extracted in Google Earth Engine [39] for the core event-
study layer: harmonized annual NPP-VIIRS-like product (henceforth ’VIIRS’) for 2000–2021
and WorldPop population density for 2000–2020 [40–42]. Nighttime lights are used as an
activity measure, and population is used as a demographic measure [25–27]. Continental-
scale detection of African urban growth from DMSP/OLS nighttime lights confirms that
low-intensity lighting zones in the urban–rural transition expand most rapidly, consistent
with the spatial gradient approach adopted here [43]. GHSL built-up surface is added as
a coarser built-environment screen and is referred to throughout as built-space uptake [28].
GHSL coverage is thinner than the lights and population layers in the retained sample,
yielding an effective built-up sample of n = 17; the five excluded cases are primarily
lower-density or small-island settings where the GHSL layer does not resolve a usable
built-up footprint. All ring values are spatial means of the underlying raster and enter the
analysis after a log(1 + x) transformation; GHSL built-up surface is linearly interpolated
from five-year epochs to annual values.

2.5. Empirical Design

The core estimator is a within-port event-study that compares annular rings around
each treated port. For port i in year t, the spatial gap for ring r relative to the outer
50–100 km benchmark is:

∆Yirt = αir + ∑
k ̸=−1

βkr1{t − τi = k}+ γrt + εirt, (1)

where τi is the financing commitment year for port i, βkr captures the event-study coeffi-
cients for each relative year k and ring r, and γrt captures ring-specific year effects. The
relative year index runs over k ∈ [−8,+10]; estimation omits k = −1 and re-centers coeffi-
cients on a k ∈ [−4,−2] baseline. The interval is asymmetric because early commitments
lack pre-2000 data coverage while build-out lags commitment by a median of three years.
The base period k = −1 is omitted because financing announcements may induce antic-
ipatory effects; the omitted category therefore represents the pre-commitment baseline
averaged over years t − 4 to t − 2. A positive βkr indicates that the inner–outer gap for
ring r widened in relative year k compared with the pre-commitment baseline, consistent
with activity (or population, or built-space) concentrating near the port node. Because
∆Yirt is a log difference, βkr can be read approximately as the proportional change in the
inner–outer gap: a coefficient of 0.424 corresponds to an approximate 52.8% widening
(e0.424 − 1 ≈ 0.528). Negative values would imply spatial de-concentration, but are not the
dominant pattern in the retained sample.
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The headline gap shift estimators average post-commitment years for each ring relative
to the benchmark:

∆r =
1

|Tpost| ∑
t∈Tpost

(
Yinner

irt − Youter
irt

)
− 1

|Tpre| ∑
t∈Tpre

(
Yinner

irt − Youter
irt

)
, (2)

where the first term averages the inner–outer gap in the post-commitment window and
the second term averages the same gap in the pre-commitment window. Standard errors
are clustered at the port level. Equation (2) provides the estimating framework for Table 2.
Because the design absorbs port fixed effects, each port contributes all of its observed pre-
and post-commitment years; a fixed-window robustness check (Table 3) confirms that this
choice does not drive the headline result.

Table 2. Immediate port zone intensification by distance band and response layer.

Outcome Ring (km) ∆ Gap Approx. Shift (%) CI Low CI High p n

Nighttime lights 0–5 0.424 52.8 0.234 0.614 <0.001 21
Nighttime lights 5–10 0.230 25.9 0.082 0.379 0.004 21
Nighttime lights 10–25 0.108 11.4 0.011 0.206 0.031 22
Nighttime lights 25–50 0.119 12.6 0.029 0.208 0.012 22
Population 0–5 0.249 28.3 0.098 0.400 0.003 22
Population 5–10 0.246 27.9 0.102 0.390 0.002 22
Population 10–25 0.184 20.2 0.066 0.302 0.004 22
Population 25–50 0.018 1.8 −0.028 0.064 0.429 22
Built-space uptake 0–5 1.073 192.5 0.120 2.026 0.030 17
Built-space uptake 5–10 0.632 88.2 0.015 1.249 0.045 17
Note: Nighttime lights n = 21 for 0–5 and 5–10 km rings because the Port of Goubet (a remote salt-export terminal
on Lake Assal, Djibouti) is essentially unlit; its wider rings resolve a signal. Built-space n = 17 (GHSL does not
resolve a footprint at five lower-density or small-island sites). Population resolves for all 22 ports.

Table 3. Timing and robustness summary for the headline 0–5 km nighttime lights result.

Specification ∆ Gap Approx. Shift (%) p n

Timing/influential-case checks
Full sample (benchmark 50–100 km) 0.424 52.8 <0.001 21
Exclude timing-risk Class C ports 0.408 50.4 0.001 20
Exclude Djibouti PLA base 0.412 50.9 <0.001 20

Spatial-design/window sensitivity
Alternative benchmark 25–50 km 0.325 38.4 0.001 21
Alternative benchmark 10–25 km 0.323 38.1 0.001 21
Pooled 0–10 km inner ring 0.501 65.1 0.001 22
Fixed window (k ∈ [−4,−2] vs. [0,+5]) 0.233 26.3 0.002 20
Note: Upper block varies the sample; lower block varies the benchmark ring or averaging window. Headline uses
50–100 km benchmark and all available pre/post relative years.

2.6. Outward Diffusion and Mechanism Screens

The outward diffusion screens summarize whether ports with stronger near-port
activity also show stronger mid-field built-space uptake, population change, outer-field
change, or nearby-center responses [19,44,45]. These port-level summaries require non-
missing catchment information and wider-field units that are not defined uniformly across
all ports, so effective N is reported with each estimate rather than carried over from the
retained 22-project sample. Catchment-based summaries retain Port of Cabinda as an explicit
zero-catchment case rather than treating it as sample loss.

Definitions of the wider-field indicators used in the outward diffusion screens appear
in Appendix B. The mechanism screens assemble project form, agglomeration context,
site logic, and road measures for later cross-port comparison. Road structure is mea-
sured in two layers: a coarse historical baseline from gROADS [46] and a present-day
paved/unpaved network from FRST [47]. The first is used as a historical corridor baseline
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and the second as a current transmission structure. Throughout the paper, diffusion is
used as a descriptive label for outward movement in the diagnostics; it does not imply an
identified causal mechanism.

3. Results
The core findings are previewed in Figure 1, which summarizes the three response lay-

ers that structure the analysis. Panel A reports the inner–outer gap shifts in the immediate
port zone (0–5 km) across nighttime lights, built-space, and population—the core specifica-
tion behind the distance gradient results of Section 3.1. Panel B summarizes outward-shift
diagnostics across mid-field and secondary-center layers. Panel C reports demographic
shifts, which are systematically smaller and less precisely estimated than the activity and
built-space responses.

Figure 1. Core results by response layer. (A) Inner-outer gap shifts in the immediate port
zone (0–5 km) for nighttime lights, built-space, and population. (B) Outward-shift diagnostics
across mid-field and secondary-centre layers. (C) Demographic shifts compared with activity and
built-space responses.

3.1. Spatial Concentration near the Port Node

The clearest post-commitment change appears in the immediate port zone around
the node.

Figure 2A shows the inner-versus-outer gap path over the full supported win-
dow (k ∈ [−8,+10]). A pre-commitment upward drift is visible—most treated ports
were already growing and were selected partly because they were active coastal nodes.
Two features of the design make the post-commitment widening informative despite this.
The outcome is an inner-minus-outer gap, so common regional growth is differenced out.
Coefficients are re-centered on a k ∈ [−4,−2] baseline, measuring widening against the im-
mediate pre-commitment gap. The 0–5 km nighttime lights series begins to pull away from
the 50–100 km benchmark shortly after the financing anchor and remains above it through
the later post period. The pattern is a clear distance gradient: the widening gap is largest in
the inner bands, and the activity and built-space responses attenuate more sharply than the
population response. The first result is therefore about spatial concentration around treated
nodes, not about generalized growth across the wider surrounding field.

Table 2 shows how quickly that concentration weakens with distance. For nighttime
lights, the inner–outer gap widens by 0.424 log points in the 0–5 km band, corresponding to
an approximate 52.8% shift relative to the outer benchmark (p < 0.001). The corresponding
estimate for 5–10 km falls to 0.230 (25.9%, p = 0.004), and the 10–25 km and 25–50 km
coefficients are smaller still (0.108 and 0.119). The pattern is a clear distance gradient: gains
are not absent beyond 10 km, but they weaken rapidly outside the immediate port zone.

Population responds differently. The 0–5 km and 5–10 km coefficients are 0.249 and
0.246, both positive and statistically significant, but the gradient is flatter than the lights
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gradient. Instead of a sharp node-centered concentration that falls away immediately, the
population response is spread more evenly across the first three rings, with the 25–50 km
contrast fading toward zero. Population remains present near ports, but it does not sharpen
around the node in the same way that nighttime lights do.

The built-space screen points in the same direction as the lights. Relative to the outer
benchmark, built-space uptake records the largest widening within 10 km of the node:
1.073 log points in the 0–5 km band (192.5%, p = 0.030) and 0.632 in the 5–10 km band
(88.2%, p = 0.045). These estimates are based on a smaller effective sample and a coarser
temporal layer than the annual light series, so they are treated as supportive rather than as
the paper’s primary event-study outcome. Even so, they indicate that the strongest local
response is not limited to an operational signal. Physical land uptake is also most visible
close to the node.

The immediate port zone result is also robust to the paper’s main timing concerns.
Table 3 shows that excluding the higher-risk timing Class C cases (Doraleh and Nacala)
or the geopolitically unusual Djibouti PLA-base context leaves the headline 0–5 km lights
coefficient essentially unchanged, with estimates ranging from 0.408 to 0.412. This does not
remove all timing uncertainty, but it does indicate that the local intensification result is not
being carried by one or two problematic anchors.

The event-study, built-space, and robustness evidence all point to the same local
pattern: the clearest early divergence is concentrated within 0–10 km of the port node,
and it is sharper in activity and built-space uptake than in population. The next section
turns to whether this pattern unfolds inside existing coastal urban formations or at more
detached sites.

Figure 2. Immediate port zone intensification. (A) Event-study path of the 0–5 km nighttime lights
gap relative to the 50–100 km benchmark (k ∈ [−8,+10]; dashed line: pre-commitment linear
extrapolation). (B) Distance-decay profile of inner–outer gap shifts across response layers.

3.2. Agglomeration Embedding and Settlement Context

Most treated port infrastructure projects are embedded in, or lie immediately adjacent
to, existing coastal urban formations.

Figure 3 and Table 4 summarize that context directly. By 2020, 13 of 22 treated ports
fall inside an Africapolis agglomeration and another 7 lie within 5 km of one. Only Kribi
and Goubet appear clearly detached in this descriptive screen. In other words, 20 of
22 treated ports are either already inside an agglomeration or close enough to one that
near-port change is very likely to occur within a pre-existing coastal urban field, not along
an empty shoreline.

Detached cases are rare, and most projects enter places where some settlement skeleton,
urban edge, or local city system is already present. The near-port response documented in
the previous section therefore usually occurs inside an existing coastal urban field.
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Nor is this merely a megacity story. Table 4 shows that 16 of 22 treated ports are
associated with agglomeration contexts below 1 million population, and only one port
is attached to a 5 million+ agglomeration. The sample is therefore not dominated by a
handful of continental megacities. Much of the observed intensification is occurring in
medium-sized and smaller coastal urban systems, where port infrastructure projects can
thicken an existing node without necessarily producing metropolitan-scale expansion.

This section remains descriptive, with heterogeneity taken up in the next section. What
it establishes is the spatial setting of the sample: most treated projects intensify existing
coastal nodes, while detached new-city formation appears atypical.

Figure 3. Agglomeration embedding context. (A) Geographic distribution of treated ports by
agglomeration context in 2020. (B) Coastal-region strip showing embedding types.

Table 4. Agglomeration embedding context of treated ports in 2020.

Context Count Share

Inside agglomeration 13 59.1%
Edge-adjacent (≤1 km) 5 22.7%
Near-edge (1–5 km) 2 9.1%
Detached (>5 km) 2 9.1%

Nearest/host agglomeration <100k 4 18.2%
100k–500k 5 22.7%
500k–1m 7 31.8%
1m–5m 5 22.7%
5m+ 1 4.5%
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3.3. Diffusion Hierarchy Across Response Layers

Beyond the immediate port zone, outward diffusion differs across response layers. It
is more visible in activity and built-space uptake than in population.

Figure 4 first shows that pattern at the port level. Ports with stronger local nodes are
also more likely to show wider built-space diffusion. In the port-level screen, stronger
near-port VIIRS growth is strongly associated with stronger mid-field built-space growth
(ρ = +0.723, p = 0.0016, n = 16). This is the clearest positive relationship in the wider-field
diagnostics. It suggests that once ports begin to diverge in the strength of local port node
intensification, they also begin to diverge in the physical reorganization visible across the
surrounding settlement field.

The corresponding population relationships are much weaker. Near-port VIIRS
growth is weakly negatively associated with mid-field population growth (ρ = −0.494,
p = 0.052, n = 16), and it has essentially no relationship with outer-field population
growth (ρ = −0.050, p = 0.854, n = 16). These estimates are comparative rather than
substantive evidence of population decline: stronger local activity gains do not line up with
equally strong demographic absorption across the surrounding settlement field.

The nearby city system screen points in the same direction. Ports with stronger
near-node VIIRS growth tend to sit in wider secondary-agglomeration fields: near-port
VIIRS is positively associated with the number of secondary agglomerations within 100 km
(ρ = +0.499, p = 0.0295, n = 19).

Here too, the built-space signal is clearer than the population signal. Near-port VIIRS is
directionally positively related to secondary-agglomeration built-space growth (ρ = +0.402,
p = 0.110, n = 17), while the corresponding relationship for secondary-agglomeration
population growth is weak (ρ = +0.137, p = 0.599, n = 17). These estimates are more
modest than the mid-field built-up result, but they point in the same direction. The same
port-level ordering that distinguishes stronger and weaker nodes therefore travels more
clearly through nearby built-space uptake than through nearby demographic absorption.

The settlement field evidence adds a third layer to the same pattern. Table 5 shows that
nighttime light primacy declines by 0.052 on average (p = 0.004, n = 22), while population
primacy is essentially unchanged (−0.001, p = 0.924, n = 22). In practical terms, the
activity field becomes less dominated by the single host settlement after the financing
anchor, whereas the population field remains much more stable. This is consistent with
visible activity spreading across the surrounding settlement field even where the residential
hierarchy changes little.

The hierarchy is visible in the diagnostics themselves, not only in the narrative sum-
mary. In Table 5, the nighttime light primacy row and the secondary-center count row
capture outward activity reallocation; the mid-field and secondary-center built-space rows
capture wider built-space uptake and restructuring of the surrounding settlement field; and
the population primacy row together with the mid-field and secondary-center population
rows show that demographic transmission is weaker and less systematic.

The port-level, nearby-center, and settlement field screens all point to a diffusion
hierarchy across response layers. Node activity intensifies first. Built-space uptake, reduced
activity primacy, and nearby-center uptake follow as signs of restructuring across the
surrounding settlement field. Demographic absorption remains slower and less systematic.

These patterns suggest that wider diffusion is real but partial: some gains move
beyond the immediate port zone, yet outward diffusion is more evident in activity and
built-space uptake than in population. The next section examines cross-port variation in
second-stage diffusion.
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Figure 4. Outward diffusion hierarchy across response layers. (A) Distribution of treated ports across
descriptive second-stage diffusion regimes. (B) Cross-port mean of country-demeaned post-minus-
pre growth for each wider-field diagnostic, with 95% confidence intervals; dashed line marks zero.
Values in log(1 + x) units.

Table 5. Diffusion hierarchy and transmission ladder beyond the immediate port zone.

Layer Diagnostic Estimate p n

Settlement field NTL primacy delta −0.052 0.004 22
Settlement field Population primacy delta −0.001 0.924 22
Mid field Near-port VIIRS vs. built-space growth (ρ) +0.723 0.0016 16
Mid field Near-port VIIRS vs. population growth (ρ) −0.494 0.0517 16
Secondary centers Near-port VIIRS vs. center count (ρ) +0.499 0.0295 19

Secondary centers Near-port VIIRS vs. secondary built-space
growth (ρ) +0.402 0.1097 17

Secondary centers Near-port VIIRS vs. secondary population
growth (ρ) +0.137 0.5994 17

3.4. Cross-Port Divergence in Second-Stage Diffusion

A descriptive typology summarizes the remaining variation in second-stage diffusion
across the full sample.

Table 6 lays out those patterns directly. The headline reading still focuses on coastal
terminals, emerging diffusion cases, and wider local-field cases, but the table also reports
metropolitan embedding and transitional cases. Under the current rule set, five ports read
as coastal terminals, two as emerging diffusion cases, one as a wider local-field case, two
as metropolitan embeddings, and the remaining 12 occupy the transitional middle. The
internal composition of this group is itself diverse: some ports show measurable local
intensification without any wider-field signal in the coarse remote-sensing screens, while
others show a signal in one response layer without carrying through to built-space or
secondary centers.

The rules are descriptive rather than algorithmic. Coastal terminals combine strong
local activity with little or no mid-field built-space uptake and weak nearby-center uptake.
Emerging diffusion cases show strong local activity with positive mid-field built-space
uptake but not yet settled wider-field movement. Wider local-field cases combine strong
local activity with clearer mid-field and outer-field or secondary-center built-space uptake.
Metropolitan embeddings capture cases in which local thickening is absorbed inside a large,
already multi-node urban field rather than appearing as clean outward spread from the
port itself.

Figure 5 then gives those grouped readings a concrete spatial form. “Nouakchott” is
the clearest coastal terminal profile: local activity is strong, but mid-field and secondary-
center uptake remain thin. “Jamestown” is the clearest wider local diffusion profile: strong
local activity is paired with stronger mid-field and secondary-center built-space uptake.
“Lekki” sits between those poles as an emerging diffusion case, with mid-field outward
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movement but less settled outer-field transmission. “Abidjan” remains informative as a
textual metropolitan side case because it shows how strong local thickening inside a large
pre-existing urban field need not produce equally strong wider outward diffusion.

These cases illustrate the grouped patterns; the next screens describe how that
same divergence lines up with project form, site logic, and transport context across the
broader sample.

Table 6. Descriptive typology of second-stage diffusion regimes in the retained 22-port sample.

Regime Diagnostic Signature Count

Coastal terminal Strong local activity with little or no mid-field built-space
uptake and weak nearby-center uptake. 5

Emerging diffusion Strong local activity with positive mid-field built-space
uptake but not yet settled wider-field movement. 2

Wider local-field Strong local activity with clearer mid-field and outer-field
or secondary-center built-space uptake. 1

Metropolitan embedding Strong local thickening absorbed inside a large
pre-existing multi-node urban field. 2

Transitional/intermediate
Combines signals from more than one regime, or
wider-field signal too small to assign confidently; the
populated middle of the continuum.

12

The typology remains descriptive. The next three screens provide bounded cross-port
comparisons for project form, site logic, and transport context.

Project form is one descriptive screen. Descriptive patterns suggest that new-build
projects tend to show larger 0–5 km built-space uptake than retrofit or equipment-only
projects, although the small sample prevents formal testing.

Site logic is a second descriptive screen. Detached ports retain a stronger terminal-
only profile, embedded single-edge ports show stronger nearby land uptake, and wider
local-field settings show stronger activity thickening and concentration. Figure 6 maps
these diffusion regimes onto the coastal geography of the sample, showing that coastal
terminals are not confined to a single region.

Road networks are the third and most bounded screen. The transport evidence is most
informative when it is separated into a coarse historical corridor baseline and a present-day
transmission structure. The historical gROADS layer is less informative about immediate
node-side built-space uptake. Stronger near-field inherited road stock is instead associated
with weaker 0–5 km built-space uptake (ρ = −0.583, p = 0.014). It is more informative
for second-stage spread: ports with stronger outer-field inherited corridor baselines show
stronger later activity-footprint expansion (ρ = +0.447, p = 0.042), and more outward
historical road geometry also aligns with stronger later footprint growth (ρ = +0.466,
p = 0.033).

The FRST paved/unpaved screens sharpen that pattern. Among ports already show-
ing strong local activity, higher near-port paved share is associated with stronger mid-field
built-space diffusion (ρ = +0.750, p = 0.020) and stronger mid-field VIIRS diffusion
(ρ = +0.883, p = 0.002), while more outward-radiating paved structure is associated
with stronger outer-field built-space diffusion (ρ = +0.717, p = 0.030). Table 7 groups
that transport context across the retained 22-port sample, and Appendix A lists the port
abbreviations used there. Across these screens, local gains travel farther where they connect
to stronger corridor baselines and more outward-facing present-day road fields, although
the available road layers leave the timing of later road strengthening unresolved.
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Table 7. Transport context across the retained 22-port sample.

Historical Baseline Current Structure n Codes

strong outward 3 DDJ, PLA,
TEM

strong intermediate 5 ADB, BAT, GOU,
LOB, QEQ

strong retentive 3 BOF, CAO,
KRI

weak outward 5 ABI, JAM, LEK,
NKT, PSD

weak intermediate 1 NDB

weak retentive 5 BEI, CAB, LOM,
NAC, SOY

Note: Historical baseline is coded by whether gROADS road stock in the 50–150 km ring lies above the sample
median. Current structure is coded from near-port paved share and outer-minus-near paved radialness. Port
abbreviations appear in Appendix A.

Project form, site logic, and road networks each capture a different aspect of hetero-
geneity in second-stage transmission. Project form is most informative for immediate
built-space uptake, site logic for how gains are absorbed within the coastal field, and road
networks for whether already-active gains remain locally locked or begin to travel outward.
None of these screens identifies a single mechanism.

Figure 5. Representative case atlas: Nouakchott (coastal terminal), Jamestown (wider local-field), and
Lekki (emerging diffusion). Dot size reflects relative population size in 2020.

Figure 6. Descriptive typology of second-stage diffusion regimes across the retained 22-port sample,
by coastal region.

4. Discussion
4.1. Response Sequence Across Activity, Built-Space, and Population

The results reported above suggest a consistent sequencing across response layers.
Node-centered activity intensifies first; built-space uptake and nearby-center growth follow
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as signs of land-use reorganization; demographic absorption remains the slowest and least
systematic layer. Because most treated projects are embedded in pre-existing coastal urban
fields, this intensification thickens an existing node instead of creating detached urban
formations [3,4].

This ordering is most consistent with a transmission ladder that extends the regional-
ization logic familiar from port system research [12,13]: operational gains at the terminal
precede spatial reorganization of the surrounding corridor, but that reorganization is not
automatic. The gap between NTL-based activity and demographic change also aligns with
earlier remote-sensing findings in which nighttime lights respond earlier and more sharply
than population to local economic change [26,27]. For port project evaluation, these three
layers carry distinct developmental meanings and should be assessed separately. A project
can intensify node performance without reorganizing the surrounding settlement field, and
visible near-port success—whether in activity or built-space—does not yet demonstrate
that wider territorial change has taken hold.

This pattern matters especially for the African coastal context. Unlike Asian or Euro-
pean port expansion that often deepens already-mature urban-industrial corridors, most of
the ports studied here enter medium-sized or smaller coastal urban systems where agglom-
erations often fall below one million population. In such settings, the transmission ladder’s
three layers—activity, built-space, and population—can remain decoupled for longer, and
the risk of reading near-port activity as evidence of wider territorial transformation is
especially high [20].

4.2. Agglomeration Embedding and Node Reinforcement

Most treated port infrastructure projects are embedded in, or lie immediately adjacent
to, existing coastal urban formations. By 2020, 20 of 22 treated ports are either already
inside an Africapolis agglomeration or within 5 km of one; only Kribi and Goubet appear
clearly detached. The near-port response documented in Section 3.1 therefore usually
occurs inside a pre-existing coastal urban field.

Nor is this merely a megacity story: 16 of 22 treated ports are associated with agglom-
eration contexts below one million population, and only one port is attached to a 5 million+
agglomeration. Much of the observed intensification is occurring in medium-sized and
smaller coastal urban systems, where port infrastructure projects can thicken an existing
node without necessarily producing metropolitan-scale expansion.

Site logic distinguishes how these gains are absorbed. Detached ports retain a stronger
terminal-only profile, embedded single-edge ports show stronger nearby land uptake, and
wider local-field settings show stronger activity thickening and concentration, echoing
the port–city interface literature that treats coastal morphology as a conditioning feature
rather than a neutral backdrop [3,4]. Project form also matters descriptively: new-build
projects tend to show larger immediate built-space uptake than retrofits, consistent with
the physical footprint expected from greenfield construction, although the small sample
prevents formal testing. The dominant pattern, however, is not greenfield urban creation
but the thickening of existing coastal nodes.

4.3. Corridor Connectivity, Settlement Structure, and Diffusion Outcomes

The distance gradient itself confirms that port-led change is strongest at the node. The
more revealing question is why the same node intensification is accompanied by wider
diffusion in some settings but not in others.

Road networks provide the most informative screen. Outward diffusion is not asso-
ciated with how much road stock sits immediately beside the node: inherited near-field
road density is negatively related to 0–5 km built-space uptake (ρ = −0.583) because
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already well-connected nodes were already built up before the investment. It is instead
associated with outward-facing structure. Among ports that already intensified locally, a
higher near-port paved share goes with stronger mid-field built-space (ρ = +0.750) and
activity (ρ = +0.883) diffusion, more outward-radiating paved structure goes with stronger
outer-field built-space diffusion (ρ = +0.717), and stronger inherited outer-field corridors
go with stronger later footprint expansion (ρ ≈ +0.45). The picture is consistent across
the historical and present-day road layers: local gains tend to be associated with wider
diffusion where corridor baselines are stronger, and tend to remain locally concentrated
where they are weaker [7,14].

Settlement structure provides a second, complementary screen. Ports with stronger
near-node activity tend to sit in fields with more secondary agglomerations within
100 km (ρ = +0.499), and the diffusion that does occur is clearer in built-space than
in population. Mid-field built-space growth is strongly associated with near-port activity
(ρ = +0.723), while the corresponding population association is weak and directionally
negative (ρ = −0.494). Secondary-center built-space uptake shows a positive but more
modest association (ρ = +0.402), while secondary-center population growth is essentially
unrelated (ρ = +0.137). Consistent with this, ports whose surrounding fields contain more
secondary agglomerations more often appear among the emerging-diffusion and wider-
local-field cases, while ports facing an effectively empty shoreline tend to remain coastal
terminals or transitional cases.

These patterns should be regarded as an exploratory and interpretive contribution
rather than a conclusive explanation of the processes involved. Taken together, the road
and settlement structure evidence points to a descriptive regularity: across these 22 ports,
wider diffusion tends to appear where local intensification coincides with outward-facing
corridor structure and an existing secondary-center skeleton, and tends to stall where those
structures are absent [5]. This is a descriptive pattern rather than a causal claim. The
correlations are cross-port and cannot rule out that ports, corridors, and centers were all
sited together for the same reasons [21].

4.4. Scope and Implications

The within-site contrast removes region-wide trends but cannot partition the observed
reconcentration among co-located infrastructure, resource extraction, or broader urbaniza-
tion. The wider-field associations are therefore best read as the combined signature of a
coastal investment complex rather than a port-only effect. Larger recorded commitments
are directionally associated with stronger local intensification, but with only 18 ports report-
ing values, a genuine scale effect cannot be ruled out; operational data—throughput, cargo
volumes, berth capacity—are unavailable on a comparable basis and remain a priority for
data collection.

Chinese financing provides the bounded project universe and common temporal
anchor for this analysis, not a claim about uniquely Chinese mechanisms [16]. Stronger
conclusions will require comparative project universes beyond a single financing source,
throughput data beyond remote sensing, and time-varying road layers that distinguish
inherited access from later improvement.

For port project evaluation in medium-sized African coastal systems, the findings
carry a cautionary implication: visible near-port intensification—brighter lights, a thicker
built edge—is the most common outcome of port investment and the least informative
about wider territorial success. Impact assessment should track the conditional layers
(mid-field built-space uptake, secondary-center growth) rather than relying on node-level
activity alone. Port investments are more likely to generate wider diffusion when paired
with corridor strengthening and when a candidate receiving center already exists.
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5. Conclusions
Across the 22-project sample, the clearest post-commitment change is a concentrated

node-level intensification within 0–10 km, followed by conditional and selective outward
diffusion. Activity responds first and most sharply; built-space uptake follows with the
largest physical footprint; population absorbs more slowly. Most projects thicken ex-
isting coastal nodes instead of generating detached urban formations. The observed
sequencing—activity, then built-space, then population—carries distinct evaluative impli-
cations. For externally financed port projects in medium-sized African coastal systems,
visible near-port success in activity or built-space does not demonstrate that wider territorial
diffusion has taken hold.

Chinese financing is used here as a project universe and temporal anchor, not as a claim
about country-specific mechanisms [16]. Extending the analysis to comparative financing
sources, operational throughput data, and time-varying road layers is the natural next
step. The core finding is that port infrastructure projects are associated with spatial change
moving at markedly different speeds, and that wider diffusion should not be assumed
from local node performance alone.
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Appendix A. Port Abbreviations Used in Table 7

Table A1. Studied ports and their abbreviations.

Code Port Code Port

ADB Alto do Bandim Fishing Port LEK Lekki Deep Sea Port
ABI Autonomous Port of Abidjan LOB Port of Lobito
BAT Port of Bata LOM Port of Lomé
BEI Beira Fishing Port NAC Port of Nacala
BOF Port of Boffa NDB Nouadhibou Fishing Port
CAB Port of Cabinda NKT Autonomous Port of Nouakchott
CAO Port of Caio PLA PLA Support Base in Djibouti
DDJ Doraleh/Damerjog PSD Port Sudan
GOU Port of Goubet QEQ Queen Elizabeth II Quay
JAM Jamestown Fishing Harbour SOY Port of Soyo
KRI Autonomous Port of Kribi TEM Port of Tema
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Appendix B. Operational Definitions of Wider-Field Indicators

Table A2. Operational definitions of the wider-field indicators used in the outward diffusion screens.

Indicator Definition (Port-Level) Source

Near-port VIIRS growth
Post-minus-pre change in log(1 + x) mean
nighttime light radiance within 0–10 km of
the node.

VIIRS

Mid-field built-space growth
Post-minus-pre change in log(1 + x) mean
GHSL built-up surface in the 10–50 km
mid-field ring.

GHSL

Mid-field activity growth
Post-minus-pre change in log(1 + x) mean
nighttime light radiance in the 10–50 km
mid-field ring.

VIIRS

Outer-field built-space growth
Post-minus-pre change in log(1 + x) mean
GHSL built-up surface in the 50–100 km
outer-field ring.

GHSL

Outer-field population growth
Post-minus-pre change in log(1 + x) mean
WorldPop density in the 50–100 km
outer-field ring.

WorldPop

NTL primacy delta

Post-minus-pre change in host settlement’s
share of total nighttime light radiance
across all GHSL settlements in the
surrounding field.

GHSL × VIIRS

Secondary-center count
Number of Africapolis agglomerations
whose centroid lies within 100 km of
the node.

Africapolis
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