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Abstract

Inefficient port infrastructures is one of the challenges facing Sub-Saharan Africa,
particularly as regards the West African region’s economic progress. Using a
dynamic computable general equilibrium model, the paper examines how improving
port infrastructure in Senegal can increase the potential of seaborne trade, and accel-
erate economic and social development in the country and the wider region. Despite
Senegal’s strategic location along the Trans-Saharan trade route in West Africa,
infrastructural limitations pose challenges to port capacity. Our findings suggest that
improving port infrastructure can increase port productivity, leading to a reduction
in costs of imported food products and domestic inputs. As a result, the country’s
competitiveness in international markets would be enhanced and could stimulate
the production of cash crops, industrial food, and chemical products. This would
lead to increased food supply and improved purchasing power, supporting the coun-
try’s food security. Results show that increased efficiencies in maritime exports and
imports lead to an overall increase in economic activity, resulting in significant GDP
growth, improved welfare, and a reduction in poverty incidence. This growth can be
attributed to higher exports and greater availability of imported intermediate inputs
at lower prices, making exports more competitive in the global market as export
prices decrease.
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1 Introduction

Inefficient port infrastructure, poor port-handling and logistical inefficiencies
in African countries pose major challenges for the region’s economic progress.
These challenges lead to delays and increased transportation costs, which have
had detrimental effects on trade and economic growth in the region. Senegal
heavily depends on the Port of Dakar for trade, a vital transhipment centre for
landlocked West Africa nations, handling almost 90% of Senegal’s trade, includ-
ing crucial commodities like petroleum products, fish, cotton, and mineral prod-
ucts. The port plays a crucial role in country’s trade industry (Africa Develop-
ment Bank 2021a; Osinski and Sylla 2019). Despite a cumulative average growth
of 8% in import volume and 6% in export volume from 2012 to 2019 (Port Auto-
nome de Dakar), persistent issues continue to affect its operations.

According to the Global Competitiveness Report 2019, Senegal’s infrastruc-
ture quality, scoring 51.3 out of 100 in terms of infrastructure quality, lags behind
other African countries, like South Africa (68.1), Namibia (58.5) and Kenya
(53.6) (Schwab 2019). The efficiency index for seaport services and liner ship-
ping connectivity in Senegal, at 50.2 and 14.4, respectively, falls below that of
Kenya (54 and 21.2), South Africa (59 and 40.1), and Namibia (64.6 and 15.3)
(Schwab 2019), indicating challenges in the operational efficiency of its ports.
Despite rapid growth in maritime activities at the Dakar Port Authority (PAD)
from 2008 to 2018, reaching about 7% annually, associated cost escalations and
negative impacts on efficiency have arisen due to increased pressure on infra-
structure and port capacity (IFDC 2019; Osinski and Sylla 2019).

Osinski and Sylla (2019) have identified some of the challenges, including
higher freight rates and longer transit times for shipments from the USA; lack of
modern cold chain operations for perishable food products; and higher port fees
compared to neighbouring African countries. High-cost and inadequate shipping
services; undeveloped technologies; low port capacity; and poor maintenances
have contributed the most to inefficiencies in port logistics in West and Central
Africa (Fouda et al. 2014).

Port infrastructure plays a crucial role in international seaborne trade. Improv-
ing port efficiency and infrastructure has the potential to substantially reduce
freight rates (Sanchez et al. 2003; Clark et al. 2004; Blonigen and Wilson 2008;
Lei and Bachmann 2020; Chang et al. 2021). This, in turn, could lead to a sig-
nificant increase in trade flows (Limao 2001; Blonigen and Wilson 2008; Her-
rera Dappe et al. 2017; Chang et al. 2021; Ayesu et al. 2022a, b), and higher
economic growth (Gherghina et al. 2018; Munim and Schramm 2018; Ozer et al.
2021; Ayesu et al. 2023). Blonigen et al. (2008) found that improving port effi-
ciency from the 25th percentile to the 75th percentile would result in a modest
5% increase in trade for the US, compared to other ports. Similarly, a study by
Herrera Dappe et al. (2017) used a Data Envelope Analysis on ports in the Indian
and Western Pacific Oceans to measure port efficiency scores, considering the
time-varying relationship between the use of port assets and port throughput.
The study found that if ports would approach the efficient frontier, they could
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reduce average maritime transport costs by up to 14% and increase exports by up
to 2.2%.

Additionally, research has also supported the crucial role of seaport efficiency in
driving trade performance, economic growth, and welfare in Africa (Portugal-Perez
and Wilson 2009; Sakyi et al. 2017; Ayesu et al. 2023; Ayesu et al. 2022a, b). In
African context, trade facilitation, by reducing costs needed to exports and imports,
can positively affect economic growth (Sakyi et al. 2017).

To address these challenges, the Senegalese Government initiated the Priority
Action Plan for an Emerging Senegal, Plan Senegal Emergente (PSE), emphasiz-
ing the structural transformation of its macro-economic framework with a priority
on infrastructure development. While Phase I showed increased factor productiv-
ity, performance has been sluggish. Thus, Phase II (2019-2024) focuses on private
sector-driven investment projects, including expanding the Dakar port to enhance
trade capacity and efficiency, aimed at the economic emergence of Senegal by 2035
(Africa Development Bank 2021a, b).

The country aims to stimulate new investments to expand the Dakar port, address-
ing infrastructure challenges and enhancing the capacity of port infrastructure. This
expansion holds the potential to raise port efficiency and trade capacity and -as a
result- reduce waiting and cargohandling times, as well as logistics costs linked to
infrastructural constraints. The $1.1 billion deep-water port development project,
Port of Ndayane, fully funded by the private sector, is underway. The first phase,
started in 2021 at a cost of $837 million, aiming to boost trade equivalent to 3% of
Senegal’s GDP, with a vision to reach 18% by 2035."

The costs of the overall seaborne transport chain can be represented as iceberg
costs that include a distance-based cost for the maritime and land legs, and a port-
specific cost for cargohandling. The concept of “iceberg costs” in international trade,
an assumption due to Samuelson (1954) and Krugman (1991), reflects the idea that
the costs of transporting goods over distance can be modelled as if a portion of the
value of goods melts away during transportation, at port-handling and transhipment.
This abstraction allows for the consideration of the impact of distance, transporta-
tion costs, and trade barriers on the flow of goods and overall welfare of consumers
and producers in different regions. Iceberg costs act as barriers or additional costs
that impede the smooth flow of goods across borders, leading to a reduction in the
volume of traded goods. They can reduce trade efficiencies by creating additional
hurdles, such as compliance costs, administrative burdens, and delays in customs
procedures, which can lead to a decrease in the volume and efficiency of trade.

The study suggests that investing in improved infrastructure would lead to higher
port productivity, resulting in a reduction in port-related costs as well as decreasing
shipping costs. Consequently, these improvements would contribute to a more effi-
cient and cost-effective seaborne trade process. The expansion of port infrastructure,
with the implied effects of reduced port-related costs, is expected to have economy-
wide effects through linkages with other sectors and the general price level. There-
fore, a recursive dynamic computable general equilibrium (CGE) model is employed

! British International Investment, link: https://www.bii.co.uk/en/story/port-of-dakar/.
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here, to evaluate the impacts of increased port efficiency on the potential growth,
welfare, food security, and poverty of the country. Benefits are expected to extend to
competitive sectors like cash crops, mining, and industrial food products, crucial for
both domestic and export markets. Lower shipping cost deriving from improved port
efficiencies will enhance the affordability of imported staple foods and inputs used
in domestic production.

Research on port efficiency within a CGE framework is limited, particularly for
Sub-Saharan African countries. Cheong and Suthiwartnarueput (2015) conducted a
study that estimated the impacts of logistics reforms on the demand for port ser-
vices. They utilized a global dynamic CGE model, to evaluate the impact of low-
ering logistics cost on port throughput in ASEAN countries. Haddad et al. (2010)
applied a spatial computable general equilibrium model on Brazil’s transport net-
work system. The authors found that the largest positive economic impacts occurred
when all regional ports matched the efficiency of the country’s most efficient port.
Additionally, Eltalla (2016) applied a static CGE model to explore the ex-ante
effects of the planned construction of Gaza seaport on the Palestinian economy.

The present study is an effort to contribute to the literature related to economy-
wide modelling of port efficiencies in Sub-Saharan Africa. The research considers
iceberg costs associated with maritime exports and imports as existing baseline
trade inefficiencies. Therefore, increasing port efficiency is expected to have wide-
spread growth and distributional impacts on the Senegalese economy.

The rest of the paper is structured into four sections. Section 2 presents the meth-
odology employed which comprises the database and the economic framework of
the economy and the model specification, while Sect. 3 discusses the empirical
results of the different scenarios. Finally, the last section concludes the paper with
some policy suggestions.

2 Methodology overview
2.1 Data

The Senegal CGE model is calibrated using the benchmark equilibrium Social
Accounting Matrix (SAM) for the year 2014 (Mainar-Causapé et al. 2018), subse-
quently updated to 2021 based on growth rates. This model represents the struc-
ture of the Senegalese economy, encompassing 14 regions contributing to produc-
tion activities. Factors of production are distinguished between regional skilled
and unskilled labour; irrigated and non-irrigated land; agricultural and non-agri-
cultural capital and livestock. There are rural and urban households for each of the
14 regions, contributing to factor endowment and demand systems. The model has
61 activities (including 14 regional marginal crop producers) and 70 commodities
(including nine non-marketable subsistence food crops). Transport activities and
commodities are categorized into three types: maritime transport, air transport, and
other transport. Each sector pays the transport costs on its exported goods and those
intended for domestic demand. Transaction costs on goods to be exported are split
into maritime, air, and other transport.
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Table 1 Structure of National Economy Senegal in 2014

Share of total (%) Export/ Imports/  Household
output demand Consump-
GDP Labour Exports Imports (%) (%) tion
All sectors 100 100 100 100 0.14 0.24 100
Agriculture 128 185 5.5 10.6 6.8 26.4 15.6
Rice 2.3 42 1.5 4.1 14.2 46.3 4.3
Other crops 6.6 10.0 1.9 59 15.3 52.0 4.1
Livestock 2.3 4.1 0.1 0.1 0.3 0.9 2.8
Forestry 1.1 0.0 0.1 0.1 2.3 2.1 14
Fishing 0.5 0.2 2.0 0.4 15.3 6.9 3.1
Mining 2.2 2.5 14.6 13.6 97.8 98.8 -
Industry 11.8 8.1 54.1 60.9 - - 31.7
Food-processing 4.7 3.7 26.7 12.8 342 384 22.5
Petroleum 0.2 0.2 5 11 19.9 49.5 3.26
Chemicals 1.0 0.8 8 10 67.9 83.8 1.29
Other manufacturing 5.9 3.4 14.4 27.8 31.0 65.7 9.3
Utility 2.7 1.5 - - - - 7.2
Construction 4.0 4.5 - - - -
Services 66.4  65.0 25.7 14.9 8.2 10.1 454

Source Author calculations

Aggregated sectors: Agriculture, Mining, Industry, Utility, Construction, Services, are highlighted in
bold, while the subsectors under each of the main sector are not highlighted

Table 1 provides an overview of Senegal’s macro-economic structure in the
base year. The service sector comprises the largest share of the nation’s GDP
(66.4%). Agriculture contributes 12.8% to GDP, accounting for 18.5% of total
employment and 5.5% of export earnings. Within the agriculture sector, crop
activities contribute about 9% to the national GDP and over 14% to national
employment. Agro-processing and mining industries are the primary contribu-
tors to exports, representing 26.7% and 14.6%, respectively. Mining, chemicals,
and food processing industries are the major players in the export market. A sig-
nificant part of the mining output caters to the export market (97.8%), followed
by chemicals (68%) and food processing (34.2%). In agricultural exports, around
15% of fish catch and a similar share of crop production go to the export market.

On the other hand, mining and agro-processing are the major importing indus-
tries, making up approximately 13.6% and 12.8% of national imports, respec-
tively. It should be noted that a significant part of the domestic demand for min-
ing (98.8%), chemicals (83.8%), petroleum (49.5%), and agro-processing (34.2%)
products is satisfied through imports. Additionally, around 46.3% of the demand
for rice and 52% for cash crops of the domestic market are met through imports.
It is evident that mining, chemicals and, to some extent, petroleum imports serve
as inputs for domestic activities, playing important roles in influencing trade
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efficiency impacts. Processed food holds a substantial share in household con-
sumption basket (22.5%), dominating over the agricultural consumption.

2.2 Model specification

The study employs a recursive dynamic CGE model, designed to solve iteratively
for each period by integrating economic behaviours and assumptions that link one
period to the next, until the year 2022. This model closely aligns with the struc-
ture of the single country Dynamic Equilibrium Model for Economic development,
Resources, and Agriculture (DEMETRA) (Aragie, Mcdonald, and Thierfelder 2016;
Nechifor et al. 2021). The key attributes of the model encompass a flexible con-
stant elasticity of substitution (CES) nested production function, with the presence
of home production for home consumption’ separating marketable and semi-sub-
sistence production activities. Additionally, the model integrates a flexible CES and
linear expenditure system (LES) of household demand system, coupled with factor
market segmentation across regions. We incorporate intricate technological assump-
tions to account for multi-product activities, wherein factor supplies by institutions
are fixed and mobile between activities.

Trade and transport costs, running from factory gate and port of entry, and ulti-
mately to the consumer, are integrated into domestic market prices. Consequently,
these margins are transferred to the consumers through an augmented consumer
price. Margins associated with the trade and transport of exportable goods are split
into sea, air, and other transport costs.

Following the standard “small country” assumption, Senegal is a price taker for
imports and exports, unable to affect world prices (Francois and Reinert 1997). Dis-
tinctions are made between domestically produced, exported, and imported goods,
with domestic production exportable through a constant elasticity of transformation
(CET), and foreign goods substituting domestic produce via a constant elasticity of
substitution (CES), following the Armington assumption (Armington 1969). Our
scenarios with interventions on export and import efficiencies are done in export
(CET) and import (CES) functions, respectively.

Equation 1 presents the CET equation, where domestic production of a commod-
ity (QXC,) is transformed into domestic supply for domestic demand (QD,) and
export supply (QE,) to meet foreign demand, given the elasticity of transformation
(p.), the CET scale parameter (,), and the share parameter (y,). Equation 2 repre-
sents the first-order condition (FOC), where relative supply transformation of QF,
and QD depends on relative prices, PE, and PD,, given the elasticity of transforma-
tion (p,.) and the share parameter (y,). The efficiency parameter (effe,) attached to
the export supply in Eq. 1 is also figured in FOC Eq. 2.

OXC, = a(y, * [effe,  QE,|" + (1—7,) = [QD]" ) )
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Similar to the export CET function, the composite demand of a commodity (QQ,)
in Eq. 1.3 is the CES aggregation of imported good (QOM,) and domestically pro-
duced (QD,), given the elasticity of substitution (y,), the CES scale parameter (f,),
and the share parameter (c.). The FOC equation presents dependence of relative
demand of QM and QD on relative prices of domestic product (PD,) and imported
good (PM,), given the elasticity of substitution (4,.) and the share parameter (o).
The effin, represents the efficiency parameter of the demand for imports.

1

Q0. = p (0. * [effm, + QM| ™ + (1= 0.) = [@D] ™) 3)

ﬁ He
<%> =<(?§) ' <<1 - ))) + effin, 0D @
c ¢ — 0

For model dynamics, the capital in each sector is updated annually, considering
both capital depreciation and investments from the previous period. Existing capi-
tal stock is fixed and sector specific, and is subject to economic depreciation. On
the other hand, new capital generated by investment is mobile and enters a pool
(Tables 2, 3, 4, 5), which is distributed across activities in the current period based
on the return to capital and the level of existing stock. The business-as-usual (BAU)
scenario closely replicates the long-run expected growth of the economy, which
typically involves forecasts of several macro aggregates, such as baseline growth in
GDP, investment, savings, population, and world prices.

2.3 Scenarios

According to the Africa Development Bank (2021a), 77% of Senegal’s exports go
outside Africa; something that demonstrates the significance of maritime trans-
port for the country. However, its border-clearance efficiency score for trade is only
29 (score is on a 0 to 100 scale, 100 representing optimal situation), compared to
44 for Cote d’Ivoire and 78 for Germany (Schwab 2019). Private sector involve-
ment in Dakar port services has substantially reduced handling costs, according to
the World Bank (2011). However, Senegal’s import costs per container are still 1.6
times higher than those of OECD countries, despite improvements. Moreover, the
median waiting time of a containership at the port of Dakar is still 38 h (1.58 days),
compared to 36 for Ghana, 33 for Togo, and 28 for Benin (UNCTADSTAT 2020).
Torres et al. (2011) previously estimated the average general-cargo-handling charge
(ship to gate) of $15 per tonne in Dakar, higher than the $8-$10 range in Nigeria,
Benin, and Togo. These challenges in port efficiency and trade costs highlight the
complexities faced by countries in optimizing their infrastructure, trade processes,
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administrative procedures, port logistics, and supply-chain processes (Haralambides
2019).

Investing in port infrastructure can facilitate trade by reducing transaction and
handling costs. The efficiency index for seaport services as well as liner shipping
connectivity in Senegal is found to be lower than that of other leading African ports,
e.g. South Africa, Kenya, and Namibia (Schwab 2019). It is assumed that the low
port efficiency in Senegal results from handling and distribution costs stemming
from maritime infrastructural constraints. Improving port infrastructure would
reduce waiting times and associated inefficiencies, promoting better practices in the
country’s seaborne trade. However, the positive impacts of investing in the expan-
sion of port capacity would be significant only if port expansion becomes opera-
tional (Ginting et al. 2015). Hence, the expansion of port infrastructure in the study
can also include improved port extension services.

Port-related costs in CGE frameworks may be represented as efficiency
losses/gains, as rent for domestic/foreign producers, and as additional trade
costs. In many CGE literature, the indirect non-tariff costs (ad valorem equiva-
lents) represent hindrances in trade facilitation and are implemented as non-
tariff barriers through ad valorem equivalents (AVEs). Improvements in port
productivity can be incorporated into global CGE models as change in effi-
ciency by shifting the import augmenting technical change in the constant elas-
ticity of substitution (CES) Armington function for imports (Hertel et al. 2001;
Fox et al. 2003; Francois et al. 2005; Fugazza and Maur 2008). Hummels and
Schaur (2013) and Hummels et al. (2007) estimated the AVE willingness to
pay for a reduction in trade time (e.g. due to delays in customs clearance, etc.).
In addition to the method of willingness to pay, the mechanism of adjusting
exporters’ production costs is applied and contrasted against the traditional ice-
berg costs within a global CGE model by Walmsley and Minor (2015), Walms-
ley and Minor (2020), and Walmsley and Strutt (2021).

In existing CGE assessments of the African Continental Free Trade Area
(AfCFTA), the most commonly used database for AVEs is adapted from Kee et al.
(2009) and Cadot et al. (2015). Recently, Simola et al. (2021) calculated and updated
AVE iceberg costs for tradable commodities in all African countries using method-
ology by Kee et al. (2009), and Kee and Nicita (2016). The weighted average of ice-
berg costs for exports and imports in Senegal is estimated to be approximately 4.3%
and 5.2%, respectively.

Our study incorporates iceberg costs estimates for both exports and imports in
Senegal from Simola et al. (2021). Acknowledging that ad valorem equivalent ice-
berg costs represent maximum limit on trade or existing port inefficiencies, our sce-
narios entail a 50% increase in efficiencies (or a 50% reduction in iceberg costs) by
50% across the exporting or importing sectors from 2022 to 2025 (refer to Table 6 in
the Appendix). To achieve these efficiency enhancements, we simulate the efficiency
parameters associated with both export and import variables in the constant elas-
ticity of transformation (CET) export supply and CES Armington import demand
functions, respectively.
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Fig. 1 Impacts on Macro aggregates (percentage change from the baseline: cumulative average 2021—
2025). Source Author calculations

In the business-as-usual baseline, the model projects to the year 2025 based on
the expected growth of macro drivers such as GDP, investment, exogenous world
price, and population growth.” We then compare the impacts resulting from alterna-
tive scenarios with efficiency simulations against the baseline in 2025. The follow-
ing scenarios are developed for the analysis:

e Increase export efficiencies (EXEf) by 50% to the extent of reducing the sector-
wise AVE export iceberg costs between 2022 and 2025.

e Increase import efficiencies (ImEf) by 50%, leading to a reduction in the sector-
wise AVE import iceberg costs between 2022 and 2025.

e Increase both export and import efficiencies (total trade efficiencies) (TotEf) by
50%, resulting in a reduction in sector-wise AVE export and import iceberg costs
between 2022 and 2025.

3 Results and discussion
3.1 Economicimpacts

The results of improved port infrastructure for export, import, and total trade are
presented as a percent change in the long-run year 2025, compared to the baseline.
From 2022 to 2025, the cumulative GDP experiences a 1.3% increase compared
to the baseline due to the overall trade efficiencies (TotEf) improvements in both
imports and exports. Figure 1 illustrates the impacts on macro aggregates, with the
primary macro influences attributed to the increase in import efficiencies. The boost
in export efficiencies contributes the most to the GDP increase. Notably, the increase
in export efficiencies has a larger positive impact on both exports and imports com-
pared to the increase in import efficiencies. This is because major exporting indus-
tries depend on imports for their intermediate inputs. As the production of these

2 Growth rates are based on https://data.worldbank.org/indicator/ and https://secure.iiasa.ac.at/web-apps/
ene/SspDb/dsd?Action=htmlpage&page=about.
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Fig.2 Impacts on macro aggregates (percentage change from the baseline 2025). Source Author calcula-
tions

exporting industries increases under the export efficiency scenario, the demand
for intermediate imports also rises. Exports and imports grow at rates of 3.3% and
2.2%, respectively, from 2022 to 2025, as both export and import efficiencies almost
equally contribute to the increase.

Figure 2 presents the economic impacts at the macro level in 2025, showing
almost similar patterns compared to the baseline. An increase in total efficiency
leads to a 2.5% rise in GDP and household consumption demand. Exports and
imports increase by 6.4% and 4.4%, respectively. However, higher import efficiency
has the most significant impact on other macro variables, influencing the availabil-
ity of intermediate inputs, which are highly import dependent. Thus, an increase in
import efficiency results in a higher use of intermediate inputs, leading to increased
economic activities and final demand in the economy.

Improving the efficiencies of exports and imports would result in reducing their
respective prices, thereby driving the demand for both exports and imports, as indi-
cated in Table 2. Based on the data presented in Table 1, it is evident that mining,
food processing, and chemicals are the primary tradable sectors in Senegal, with
significant shares of exports in their respective output and imports in their domes-
tic demand. Sectors with higher comparative advantage in exports, such as cash
crops, processed food (excluding processed meat), chemicals, and other manufac-
turing, experience substantial increases in exports by 11%, 16%, 23.6%, and 12%,
respectively, as shown in Table 2. Despite Senegal’s cash crop exports having had
a much lower base compared to their imports, improved import efficiencies contrib-
ute to increased production and, consequently, higher exports. However, the rise in
exports of processed food, chemicals, and other manufacturing is primarily attrib-
uted to the increase in export efficiencies. While higher export efficiencies are con-
ducive, rice, fish, livestock, and forest products lose their respective export markets
due to inadequate production growth to meet their domestic demand. Notably, Sen-
egalese livestock and forest products have low initial export volumes. On the other
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Table 3 Impacts on domestic
prices and demand (percentage

Domestic demand

Domestic Prices

change from the baseline 2025) ExEf ImEf TotEf EXEf ImEf  TotEf
Crops 1.5 29 4.5 02 -11 -09
Rice 03 3.0 34 -01 —--=-3 =25
Other food Crops 08 26 34 05 05 1.0
Cash crops 85 7.0 159 -03 =25 =28
Livestock 0.7 09 1.5 02 -02 -0.1
Forest 1.2 21 33 0.5 0.9 1.4
Fish 1.1 15 2.6 00 -02 -0.2
Mine 89 25 117 -05 -05 -1.0
Industries 3.7 54 93 -03 -10 -13
Processed meat 3.1 1.2 43 -01 -01 -02
Other processed food 3.6 3.8 75 -03 —-12 -—15
Petroleum 36 9.1 132 =05 =07 -—12
Chemicals 84 60 153 -08 —-41 -49
Other Manufacturing 3.5 59 96 -03 -—-11 —15
Utility 33 52 8.7 02 0.0 0.2
Construction 0.1 1.6 1.7 -01 -06 —0.7
Services 23 34 5.8 0.7 0.7 1.5

Source: Author calculations

hand, imports to Senegal become more competitive, resulting in an overall increase,
except for processed meat. Imports of food crops other than rice (6.4%), cash crops
(7.9%), mining (5.7%), and chemical products (4.4%) are driven up by improved
import and export efficiencies. Increased domestic activities lead to a rise in non-
maritime import services, influenced by maritime efficiencies.

In addition to the increased domestic activities driven by increased exports, produc-
tivity gains achieved by importing industries from lower shipping rates also contribute
to increased production by lowering production costs. Most sectors experience growth in
production, except for mining and processed meat activities (Table 2). Mining, as a cru-
cial intermediate input, plays a significant role in domestic production. Due to lower ship-
ping rates, imports of mining products become cheaper compared to domestic produc-
tion, leading to a significant expansion in highly competitive industries like chemicals and
processed food, which see a large expansion in activities- 19.4% and 8.7%, respectively.
This growth is attributed to the increased availability of imported intermediate inputs at
competitive prices and higher demand for exports. Cash crop activities also benefit more
compared to other agricultural activities, as they can access relatively cheaper imported
manufactured inputs for their production activities.

Higher port productivity leads to lower import costs and higher product supply,
resulting in decreased composite domestic prices for most commodities, except for
food crops other than rice, forest products, and services. Lower prices stimulate
overall domestic demand in the economy, as indicated in Table 3. Cash crops, mines,
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Fig. 3 Impacts on returns to factors (percentage change from the baseline 2025). Source: Author calcu-
lations

petroleum, and chemical experience a substantial increase in domestic demand from
the efficiency gains.

The benchmark household factor income distribution shows that, in general, urban
households earn their income from skilled labour and non-agricultural capital, while rural
households, living outside Dakar, rely heavily on income from unskilled labour. Higher
port efficiencies result in increasing factor demand and, consequently, factor incomes.
Figures 3 and 4 illustrate the scenario impacts on returns to factors and household income,
respectively. An increase in total export and import efficiencies leads to a 3% increase in
the returns to non-agricultural capital, a 2.5% increase in skilled labour, a 2.4% increase
in unskilled labour, and only a 0.9% increase in returns to land income. In general, urban
households experience higher income gains compared to rural households and higher
benefits come from enhancing import efficiencies. Compared to enhancing import effi-
ciencies, increased export efficiencies exert lower impacts on the factors and household
income. Export efficiencies can potentially enhance competitiveness in global markets.
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However, the impacts on domestic resources household income could be indirect. Senegal
depends heavily on imports of essential intermediate goods and might experience more
direct impacts on economic activities and household income when import efficiencies are
enhanced.

Urban households in Dakar are the primary beneficiaries of increased port effi-
ciencies in terms of income, followed by urban households in other regions. Rural
households still experience some income gains due to increased marginal farming
activities and employment of unskilled labour and land activities. Income gains
for regional rural households such as Tambacounda and Kédougou are relatively
higher compared to rural households in other regions.

In general, consumers benefit from lower consumer prices and higher income.
Figure 5 illustrates the change in consumption across household groups. Lower
shipping costs result in higher earnings and lower consumer prices, leading to
increased consumption across households. Food consumption shows a greater
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increase compared to non-food consumption (see Table 7 in the Appendix for
consumption impacts across 14 regional household groups by rural and urban).
It is worth noting that food consumption also includes processed industrial food,
which enjoys a comparative advantage in our scenarios. Urban households,
particularly those in Dakar, enjoy a larger consumption gain compared to rural
households.

Figure 6 presents household welfare as equivalent variation in income change at
the initial price of representative household across the 14 regions in Senegal. Urban
households, in general, outperform rural households in terms of welfare gains. How-
ever, major welfare gains are also observed among rural inhabitants in the Ziguin-
cho, Tambacounda, and Kédougou regions.

3.2 Poverty analysis

The study employs a top-down approach, linking macro CGE impacts to the microsimu-
lation model for poverty analysis, as discussed in Ahmed and O’Donoghue (2007) and
Cockburn et al. (2010). The CGE model provides household expenditure data for 14
regional representative household categories. Detailed micro household consumption for
Senegal is based on the 2018-2019 Harmonized Survey on Households Living Standards
(EHCVM) conducted by the Agence Nationale de la Statistique et de la Démographie
(ANSD) (ANSD 2021). The changes in real consumption of the representative house-
holds from the CGE model are then integrated into corresponding detailed households at
the micro level, requiring a mapping between the representative households in the CGE
model and the micro households in the survey.

The after-shock levels of real consumption expenditure are compared against at
the given poverty line. The annual poverty line, based on minimum vital needs, is
set at a value of FCFA 333,440 in Senegal currency, according to ANSD (2021).
The EHCVM 2018-2019 survey provides benchmark poverty estimates, based on
FGT measures (Foster et al. 1984). Poverty impacts are evaluated based on the three
types of measures: poverty head-count ratio or poverty incidence (P0), which is the
number of people below the poverty line; poverty gap (P1), which is the ratio by
which the mean income of the poor falls below the poverty line; poverty severity
(P2), which assigns higher weights to the poverty of the poorest individuals. The
most commonly used poverty measure is the poverty incidence or head-count ratio
(PO).

The observed poverty incidence, based on the household survey for 2019, var-
ies across regions, with the lowest incidence of 9% in Dakar and the highest of
65.6% in Sédhiou. The national poverty rate is 37.8%, with rural areas experiencing
a higher incidence of 53.6%. The scenario results in Table 4 present the impacts
of improved port productivity on the poverty incidence in Senegal. The baseline
poverty incidence is estimated to be 29.7% at national level, with urban and rural
poverty incidences at 44.2% and 13.3%, respectively. This shows that an increase in
total trade efficiency leads to a decline of 3.9 percentage points in poverty incidence
at national level. Poverty among rural households deceases by 4.5 percentage points,
while urban households see a reduction of about 3.2 percentage points. Regions like
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Table 4 Impacts on poverty incidence (percentage point change from the baseline 2025)

Observed Observed popu-  Baseline pov-  EXEf ImEf TotEf

poverty 2019 lation share erty 2025
National 37.8 100.0 29.7 -0.50 —-3.31 —-3.93
Rural 53.6 449 44.2 -0.29 —4.47 —4.55
Urban 19.8 55.1 13.3 -0.73 —1.99 —-3.23
Dakar 9.0 14.3 4.7 -0.28 -0.99 —1.80
Ziguincho 51.1 6.7 38.1 —1.84 —3.70 —5.24
Diourbel 43.9 7.7 36.8 0.95 -3.18 —3.30
Saint — Louis 40.1 7.0 31.7 -0.59 —3.55 —3.66
Tambacounda 61.9 6.0 51.7 -341 —6.81 —-7.74
Kaolack 41.5 7.4 333 -0.32 —-3.14 —-3.40
Thies 34.1 8.0 25.4 —-0.61 —3.06 —4.37
Louga 434 6.7 353 -0.02 —3.04 —2.55
Fatick 49.2 6.4 429 -0.13 —6.15 —7.18
Kolda 56.6 6.0 46.5 —-1.29 —6.74 —7.63
Matam 47.7 5.7 34.8 —-1.22 —-5.09 —5.24
Kaffrine 53.0 6.0 37.8 0.34 —1.61 —1.48
Kédougou 61.9 6.4 52.0 —2.62 —4.37 —-7.99
Sédhiou 65.6 5.7 58.4 -0.19 —5.14 —5.14

Source: Author calculations

Table 5 Impact on poverty gap and poverty severity (percentage point change from the baseline 2025)

Observed Poverty Baseline Poverty Variation from the baseline 2025
2019 2025 ExEF ImEF TotEF
Poverty Gap
National 10.30 7.19 -0.17 —1.01 -1.21
Rural all 15.27 10.89 —0.06 -1.36 —1.47
Urban all 4.64 3.00 -0.30 -0.62 -0.91
Poverty Severity
National 3.93 2.53 —0.06 -0.40 —0.46
Rural all 591 3.86 -0.02 -0.55 -0.59
Urban all 1.67 1.02 -0.11 -0.22 -0.32

Source: Author calculations

Tambacounda, Kédougou, Ziguincho, Kolada, and Fatick experience significant
poverty reduction compared to other regions, while households in Dakar have the
least impact on poverty.

Improvements in port productivity, as in the scenario ImEf, have larger impacts on
poverty reduction compared to export efficiencies increases. Similarly to the impacts
on household income, enhancing export efficiencies has smaller impacts on poverty
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compared to increasing import efficiencies. Even the Diourbel and Kaffrine regions suf-
fer an increase in poverty by 0.9 and 0.3 percentage point, respectively, under the sce-
nario of increased export efficiencies. Although there is an increase in aggregated con-
sumption at the macro level for the representative households in these regions, the poor
income impact leads to a decrease in consumption of some of the non-rice food and
non-food items (refer to Table 7 and Fig. 8 in the Appendix), potentially resulting in a
negative distributional impact at the micro household level.

The impact of increased trade efficiencies on poverty gap and severity is lower com-
pared to poverty incidence, as shown in Table 5. The baseline poverty gap, which meas-
ures the ratio by which the average consumption falls below the poverty line, is 7.2% at
the national level compared to a poverty ratio of 29.7%. Similarly, poverty severity is
even much lower than the poverty gap at 2.5%. While an increase in total seaport trade
efficiencies can reduce the poverty severity by 0.5 percentage point compared to the
reduction of 1.2 percentage points in the poverty ratio, the marginal reduction in pov-
erty severity still indicates that trade efficiency can impact extreme poor households. It is
observed from Table 6 that all the regions show marginal reduction in the poverty sever-
ity due to improved port productivity.

3.3 Sensitivity analysis

The scenarios in the study consider potential economy-wide impacts of enhanced export
and import efficiencies by 50%. To ensure the robustness of our scenarios, a sensitivity
analysis is conducted by systematically increasing trade efficiencies (or reducing base ice-
berg costs) from a lower 10% increase to the higher 70%. This sensitivity analysis helps
us understand the pattern of model outcomes and provides insights into the economy’s
responsiveness to changes in trade efficiencies using Gross Domestic Product (GDP) as a
key indicator of overall economic performance.
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Figure 7 illustrates the change in GDP gains with incremental enhancement of export
and import efficiencies. The analysis shows that GDP gains from the increase in import
efficiencies consistently remain above the gains from the export efficiencies. However,
the rate of GDP gain shows minimal change with incremental shocks in import efficien-
cies. Conversely, the rate of GDP gain slightly increases with the gradual enhancement
of export efficiencies, particularly after a 50% increase.

4 Conclusion and policy recommendations

Given the rapid growth of maritime traffic at the port of Dakar (Osinski and Sylla 2019),
which is the main port in Senegal, there is increasing pressure on port capacity. Conse-
quently, essential investments in port infrastructure are expected to enhance efficiency in
seaborne trade by reducing the existing iceberg types of costs. This study quantitatively
assesses the potential improvement in efficiencies in Senegal’s maritime exports and
imports. A recursive dynamic CGE model has been implemented, specifying efficiency
parameters in export supply and import demand functions through a 50% reduction of
iceberg costs for each exported and imported sector from 2022 to 2025. The results are
compared against the projected baseline, considering three scenarios: increased export
efficiencies, increased import efficiencies, and a simultaneous increase in both export and
import efficiencies.

Results show that increased port productivity can lead to an overall increase in eco-
nomic activities, resulting in a 2.5% GDP growth in 2025. This growth is attributed to
higher exports and increased availability of imported intermediate inputs at lower prices,
making Senegalese exports more competitive in the global market as export prices
decline. The increased demand for Senegalese exports (6.4%) boosts domestic activities.
Some studies conducted in regions other than Africa have confirmed the lower trade costs
and trade gains resulting from increase in seaborne trade efficiencies.

Commodities with a higher comparative advantage, such as cash crops, processed
food, petroleum and chemicals, display a significant increase in exports. However, despite
improved port efficiencies, rice, livestock, fish, forest, mining, and processed meat prod-
ucts are seen to be losing their export capacities due to their poor comparative advantage
against other sectors. Their production fails to increase enough to meet their respective
domestic demand. Enhanced trade efficiencies result in imported commodities being
available at reduced prices, while an increase in output of export-oriented sectors deter-
mines a higher demand for imported intermediate inputs. Overall imports to the coun-
try increase by 4.4%, with cash and food crops, mining, and chemicals, ranking as the
top imported merchandized commodities. Notably, there is also an increase in import
of services (e.g. financial, insurance, communication, etc.) due to the indirect effects of
increased domestic activities.

The reduced production costs and increased export demand stimulate domestic activi-
ties. With improved port efficiencies, the production of chemicals, cash crops, and pro-
cessed food (excluding meat) significantly increases, as these industries gain a higher
comparative advantage in their respective exports. On the other hand, mining activities
decline, as relatively cheaper imported mining products take over the domestic supply.
Port efficiencies in both export and import have clear positive impacts on households,
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leading to higher income and lower domestic prices. Food consumption increases more
than non-food items, due to the availability of more affordable imported food products,
including industrialized ones. Results indicate that urban households, especially in Dakar,
benefit more than rural ones in terms of income and welfare gains. Although, in general,
food crop activities, livestock, and fish benefit from efficiency improvements, their ben-
efits are not enough to match those in non-food activities. Consequently, rural households
engaged in food crop activities, including fish and livestock, experience lower incomes
compared to their urban counterparts.

Increasing trade efficiencies can significantly reduce poverty at the national level, with
larger impacts observed in rural areas compared to urban ones. Import efficiencies have
greater impact on poverty reduction than export efficiencies. Some regions perform bet-
ter than others, underscoring the potential of trade efficiency improvements in address-
ing poverty disparities. The impacts on extremely poor households, whose consumption
falls significantly below the poverty threshold, are positive but substantially lower than the
overall poverty incidence.

Port competition along the West African Coast, coupled with a lack of past invest-
ments to expand and improve port infrastructure, has resulted in chronic congestion, cre-
ating bottlenecks for the region’s economy. The findings of the study highlight the need
for investments in port infrastructure to increase efficiency and capacity by streamlin-
ing trade processes, enhancing trade facilitation, and making seaborne trade more cost-
effective. Efforts to prioritize and promote sectors with a comparative advantage, such as
cash crops, processed food, and chemicals, can boost exports and enhance global com-
petitiveness. However, rural households engaged in agricultural activities may not benefit
in terms of income as much as urban households from increased port efficiencies. Thus,
there may be need for targeted policies supporting agricultural activities like non-cash
crops, fish, and livestock.

It is crucial to note that the application of efficiency shocks in our study is indicative.
The lack of detailed information on recent infrastructural investments and expansion
of the Port of Dakar prevent us from making an exact estimation of efficiency resulting
from development of port infrastructure. Accessing recent feasibility or appraisal reports
on the proposed investment and expansion projects of Dakar Port Authority is challeng-
ing, making it difficult to compare existing seaport performances with the projected ones,
including container traffic, physical capacity of seaports, daily shipping services, average
waiting time of ships, and dwell time of containers. However, in the absence of above
information, the use of iceberg costs as the source inefficiencies in our study could pro-
vide a valuable alternative. We have conducted a sensitivity analysis to support the robust-
ness of our increase in trade efficiencies.

Appendix

See Fig. 8, Tables 6 and 7.
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Table 6 50% reduction of ad valorem equivalent iceberg costs used in scenarios

Exports  Imports Exports  Imports
Millet 0.00 0.03 Grain milling 0.10 1.19
Sorghum 0.00 0.95 Cereal based food 1.49 4.24
Maize 0.00 7.04 Sugarcane 2.44 3.60
Rice 0.23 5.16 Other manufactured food ~ 1.52 3.78
Fonio 0.00 0.03 Beverages 3.56 2.01
Manioc (Cassava) 0.29 0.95 Tobacco (processed) 3.56 2.01
Other food crops 1.53 7.04 Textile & clothing 3.28 2.53
Arachide (peanut/groundnut)  1.53 7.04 Leather & footwear 3.28 2.53
Cotton 1.53 7.04 Wood & paper 3.28 2.53
Niebe (black-eyed pea) 0.72 5.09 Printing and publishing 1.01 2.51
Pasteque (watermelon) 1.94 2.20 Petroleum 0.44 0.40
Sesame 0.00 0.00 Chemicals 2.52 4.73
Onion 0.29 0.95 Fertilizers 0.09 0.51
Other cash crops 1.01 2.51 Caucho 3.28 2.53
Livestock 1.17 0.38 Glass, pottery 3.33 3.29
Forestry 0.67 4.23 Metals 3.33 3.29
Fishing 0.71 0.14 Non-metallic products 3.33 3.29
Minning 0.35 0.12 Equipment 3.33 3.29
Meat—Fish processed 1.26 9.19 Transport material 3.33 3.29
Eating fats 1.94 2.20 Other manufactures 3.33 3.29

Source: Author calculations
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Table 7 Consumption impacts across regional household groups (percentage change from the base-
line 2025)

ExEf ImEf TotEf
Food Non-food Food Non-food Food Non-food
Dkar-Urb 1.26 0.80 2.61 1.36 3.96 2.20
Dakar—Rur 0.58 0.19 1.71 0.67 2.33 0.89
Ziguinchor- Urb 1.02 0.72 2.36 1.35 3.45 2.11
Ziguinchor- Rur 1.05 0.41 1.94 0.71 3.05 1.15
Diourbel- Urb 0.91 0.63 2.19 1.29 3.16 1.95
Diourbel- Rur 0.18 -0.24 1.34 0.38 1.53 0.15
Saint-Louis- Urb 1.08 0.77 223 1.32 3.38 2.13
Saint-Louis- Rur 0.47 0.20 1.59 0.95 2.09 1.17
Tambacounda- Urb 0.91 0.56 2.19 1.11 3.17 1.71
Tambacounda- Rur 0.99 0.79 2.15 1.56 3.20 2.40
Kaolack- Urb 0.95 0.63 2.08 1.09 3.09 1.76
Kaolack- Rur 0.53 0.09 1.58 0.67 2.13 0.77
Thies- Urb 1.09 0.69 2.35 1.24 3.51 1.98
Thies- Rur 0.52 0.09 1.52 0.45 2.07 0.56
Louga- Urb 1.03 0.70 2.37 1.32 3.47 2.06
Louga- Rur 0.19 -0.18 1.29 0.47 1.48 0.29
Fatick- Urb 0.61 0.22 1.69 0.67 2.32 0.90
Fatick- Rur 0.56 0.19 1.54 0.81 2.12 1.01
Kolda- Urb 0.70 0.31 1.93 0.83 2.67 1.16
Kolda- Rur 0.52 0.02 1.44 0.34 1.97 0.36
Matam- Urb 0.62 0.21 1.76 0.85 242 1.09
Matam- Rur 0.67 0.16 1.74 0.82 242 0.98
Kaffrine- Urb 0.65 0.10 1.89 0.53 2.55 0.62
Kaffrine- Rur 0.56 0.14 1.67 0.76 2.24 0.88
Kédougou- Urb 1.07 0.80 2.34 1.50 3.49 2.34
Kédougou- Rur 0.84 0.57 1.94 1.31 2.83 1.91
Sédhiou- Urb 0.85 0.46 2.06 1.06 2.96 1.55
Sédhiou- Rur 0.52 0.13 1.47 0.78 2.00 0.92

Source Author calculations
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