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A B S T R A C T   

Aquaculture plays an increasingly important role in meeting the rising global demand for fish fuelled by eco
nomic and demographic growth. However, in many middle-income countries, aquaculture is constrained by 
rising labour costs, limited input supply, environmental concerns, and infectious diseases. In this paper, we 
developed a multi-species, multi-sector equilibrium model and applied it to the fishery sector of Egypt, a leading 
aquaculture producer in Africa, to examine these barriers. Projection results show that rising wage rates would 
slow down the growth of labour-intensive aquaculture compared to those that use relatively less labour. The 
demand for feed, seed inputs and water use for aquaculture would substantially increase. The results also show 
that disease outbreaks would possibly affect production sectors via output reduction and also consumers via 
increases in fish price. Our findings suggest that stabilising the prices of feed and seed, investments in disease 
control and input-use efficiency improvement technologies, including water use, are important while the overall 
effectiveness of tax instruments is modest. Though calibrated to Egypt, our approach can be applied to other 
middle-size national aquaculture industries.   

1. Introduction 

The contribution of fish and other aquatic foods to nutrition security, 
income and employment generation is crucial in many low and middle- 
income countries [11]. Fish and other aquatic foods have high concen
trations of essential micronutrient, which can potentially address a 
number of micronutrient deficiencies present in developing countries [3, 
42]. In many African countries with less advantaged economic devel
opment relative to the rest of the world, fish is an ever more important 
source of protein and micronutrients because it is more affordable than 
other land-based animal-source foods [4,34]. For this reason, more than 
30% of Africa’s population consumes fish as their primary source of 
animal-source foods [34]. Fisheries and aquaculture sectors provide 
incomes and employment for millions of women and men in developing 
countries [11]. The rapid growth of aquaculture, for example, benefits 
the moderate and extreme poor in rural areas in Bangladesh by reducing 
fish prices, thus increasing consumption among these groups [43]. 

Global demand for fish and other aquatic foods is expected to double 

by 2050 [33], fuelled by population and economic growth, globalisa
tion, urbanisation in developing countries, and diet shifts in developed 
countries [11]. While fast-growing demands are opportunities for 
aquaculture expansion in low and middle-income countries, challenges 
also exist, such as rising costs of input supply and quality [20,25], in
fectious diseases [22,26,27], and rising labour costs that can reduce the 
growth momentum in economic sectors [1,17]. As a result, it is impor
tant to recognise and anticipate these challenges to identify response 
policies, development interventions, and investments to sustain future 
fish supply growth. These developments are vital to meeting the 
increasing demand while addressing negative socio-economic and 
environmental impacts at the same time. In this paper, we formalise a 
partial-equilibrium model to examine fish supply and demand trends in 
Egypt, a middle-income country and a major aquaculture producer in 
Africa, to explore policy implications and lessons applicable to future 
aquaculture development in Egypt and other developing countries. 

Fish is an important component of the traditional diet in Egypt [7,8, 
30]. At over 20 kg per person per year in 2020, Egypt’s per-capita fish 
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consumption is marginally below that of much wealthier European 
countries, where income is approximately ten times higher. Fish pro
vides 38% of the total animal protein for Egyptian people [32] and 
sources of micronutrients, which are vital for health, especially for 
mothers in the first 100 days of pregnancy and infants in the first 1000 
days of infancy [30]. Thus, the fishery sector plays a significant role in 
achieving the national food security objectives, especially when the 
malnutrition rate in the country is relatively high [47]. 

The Egyptian aquaculture sector is the most developed in Africa and 
the Middle East. Egyptian aquaculture production is concentrated 
around the Northern Lakes in the Nile delta region [31]. Open-pond 
culture systems produced around 87% of farm production in 2018 
(GAFRD, 2019). Nile tilapia (Oreochromis niloticus) is the main cultured 
fish species, accounting for 66% of farmed fish production in Egypt in 
2019. Other important farmed fish in Egypt include mullet, carp, sea
bass, and seabream. The proliferation of aquaculture in Egypt has high 
socio-economic benefits [32]. 

Fish consumption in Egypt has rapidly increased over the last 20 
years, nearly doubling from 11.3 kg/per/year in 2001 to 20.26 kg/per/ 
year in 2020, exceeding beef and poultry consumption [30]. To meet the 
increasing demand, the domestic production of fish in Egypt has grown 
noticeably from 0.7 million tons in 2000 to more than 2 million tons in 
2019 [14]. Most of the increases in fish production are attributed to 
aquaculture, as official statistics indicate that wild catch rates reached 
the maximum sustainable yield around the year 2000, after which yields 
have plateaued [13,16]. As a result, aquaculture now contributes 80% to 
the total domestic fish supply. The extreme growth of aquaculture in 
Egypt has led to the country being among the top 10 producers of farmed 
fish in the world [10]. However, the demand for fish still necessitates the 
importation of around 324 thousand tons of fish annually [15] - 
approximately 20–25% of the total fish consumption, which emphasises 
the importance of sustainable growth of fish production in the country. 

Fish production in Egypt faces several constraints that require 
effective management and mitigation. Capture fisheries have been 
negatively affected by overfishing and pollution, leading the produc
tivity of the sector to stagnate, even decline, in recent years [38,40]. In 
freshwater aquaculture, water availability and quality have recently 
become a constraint, mainly due to scarcity amidst increased demand 
for crop production [28,41]. Furthermore, the cost of other aquaculture 
inputs, such as feed, seed, and labour, is rapidly rising. In addition, 
aquaculture is also affected by the proliferation of disease outbreaks 
with severe impacts on production [41]. This problem is exacerbated 
when fish farmers do not always follow biosecurity practices due to 
inconsistent policy and controls [23]. These issues, especially those 
pertaining to aquaculture, require the immediate attention of policy
makers since doing so is necessary for sustainable intensification of 
production and achieving Egypt’s food security objectives. 

This paper formalises a multi-species, multi-sector equilibrium 
model to compare a baseline with possible alternative scenarios for the 
Egyptian fisheries sector. These scenarios are grouped into two main 
categories, centred on aquaculture inputs and outputs because the 
driving force behind Egypt’s capture fisheries has been stable for the 
past 20 years. In the first category (aquaculture inputs), we analyse two 
scenarios where increases in aquaculture inputs (feed, seed, and water) 
affect the profitability of the production sector. In the second category, 
we expand our analysis to incorporate possible changes in taxes and the 
consequences of disease outbreaks in fish farms. By comparing the 
projection outcomes in these four scenarios, we highlight future threats 
to Egypt’s fish supply, in a bid to guide the evolution and transformation 
of aquatic foods into more efficient and resilient systems. 

2. Material and methods 

This section describes the data and delineates the model specification 
to analyse the Egyptian fish sector. In the literature, there are a number 
of models that have been developed to simulate fish supply and demand, 

e.g., the fish IMPACT model of the World Bank [24,46] and the 
Aglink–Cosimo model [9] - both used to project the global fisheries 
sector in the medium term. With a focus on the global scale, these 
models often work at a very high level of aggregation. Other developed 
models, e.g. the ASIA-FISH model ([6]; [44]) could provide more dis
aggregated projection, but they require a large number of parameters to 
be estimated from real-life data using econometric techniques. This 
requirement is not possible in the case of Egypt due to the lack of reliable 
data. Disaggregated fisheries sector data often exhibit inconsistencies if 
double-checked from various sources, though aggregate data existed for 
up to 40 years in Egypt. 

To overcome this challenge, our approach was to develop a simula
tion model which minimizes the level of data-demanding while main
taining the key objective of being able to analyse the key scenarios and 
evaluate policy impacts. The approach has been successfully applied to 
investigate fish supply and demand and its implications for food security 
in Zambia [45]. In this approach, we limited the analysis to main fish 
species groups and production types, collected the best reliable infor
mation, and then adjusted the modelling specification to fit what was 
available. Fortunately, we were able to collaborate with the General 
Authority for Fish Resources Development (GAFRD) in Egypt to collect 
and compare data from various sources, cross-check and adjust to 
eliminate inconsistencies. As a result, we managed to have consistent 
data for year 2016, which covers five key fish species, each of which can 
possibly be produced with different types of aquaculture production, or 
naturally caught in four fishing sites in Egypt. The data will be described 
in detail below. More disaggregated or longer data series were unreli
able or not available. 

2.1. Data 

The production data for 2016 are presented in Table 1. They cover 
five fish groups that are referred to by their local names, i.e., Tilapia 
(Oreochromis spp.), Mullet species (Mugil cephalus and Liza ramada), 
catfish (Clarias spp.), carp (Cyprinus carpio) and other fish. Throughout 
this paper, we use a five-element set to refer to the fish groups, i.e., S =

[Tilapia,Mullet,Catfish,Carp,Other fish]. 
Fish can be produced from either aquaculture or capture fisheries 

(wild-catch). Aquaculture in Egypt is further classified into four types 
following the description of Shaalan et al. [39], namely semi-intensive 
farming (Semi-Intensive), cages (Cage), fish farming in rice-fields 
(Rice-fish systems or rice-fish polyculture), and Intensive farming 
(Intensive). Wild catch includes four fishing sites, namely the Mediter
ranean Sea (MedSed), the Red Sea (RedSea), the Nile River (Nile), and 
inland lakes (Lakes). In total, there are eight production categories, and 
we use an eight-element set to refer to the production categories, i.e., 
PC = [Cage, Ricefields, Intensive, Semi − Intensive, Nile, RedSea, MedSea,
Lakes]. The first four elements are aquaculture types, and the last four 
elements are wild-catch. 

Combining the eight production categories and the five species gives 
40 possible combinations of category-species groups. Each of these 40 
combinations is termed a ‘sector’. Not all sectors are active, or in other 
words, not all species are produced in all production categories. In fact, 
there are only 30 active sectors (so Table 1 has 30 data rows). To 
distinguish active and non-active sectors, 40 binary variables ν(PC, S)
were used, one for each sector, to indicate whether the sector is active 
(value 1) or inactive (value 0). 

The production sectors use different sets of inputs. For example, the 
aquaculture sectors might possibly use six types of inputs, namely la
bour, fuel, seed, feed, fresh water, and others. Wild-catch sectors only 
use three types of inputs labour, fuel, and others. Thus, the data for seed, 
feed and fresh water in the wild-catch sectors are empty. 

Table 2 shows fish consumption, export and import for 2016, one 
row for each of the five species groups. Fish consumers can consume 
domestic and imported fish and fish products. Domestic products can 
also be consumed locally or exported. Data in Tables 1 and 2 have been 
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cross-checked to ensure consistencies, i.e., the sum of domestic pro
duction and import equals the sum of consumption and export. 

2.2. Model specification 

Our model in this paper is built to best fit the reliable data as 
explained in the previous section with the base year 2016. Following the 
earlier frameworks of Dey et al. [6] and Rosegrant & Team [37], we 
formalise a multi-species-multi-sector equilibrium feature that charac
terises the equilibrium of supply and demand in all related markets. For 
each of five species that any of eight production types can possibly 
produce, our mathematical model formalises two fundamental princi
ples, namely: (i) increases in the demand for fish (domestic consumption 
plus export, if any) are equal to increases in supply (domestic production 
plus import, if any) and (ii) fish consumption would reduce when prices 
increase, and fish production would increase if profitability rises. Thus, 
our model can project the outcome in Egypt’s fish sector at a species 
disaggregation level. 

In developing the model, we adopt a number of modifications in the 
model structure to enhance its practicality and applicability given the 
available data and information. On the supply side in particular, while 

the ASIA-FISH model specifies fish supply functions by combining the 
Hotelling’s lemma and the estimate of profit function ([6], see Eq. (2)), 
our model specifies how fish supply responds to profit, similar to the 
global IMPACT model, to best fit with the data availability. On the 
consumption side, we also apply a slightly different modelling approach 
to fit with the data. Here, on the one hand, the IMPACT model specifies 
iso-elasticity demand functions [36] - a simplistic version of what is 
suggested by consumer theory; and on the other, the ASIA-FISH model 
uses the AIDS-style demand functions, which is consistent with the 
consumer theory but data-demanding. As a compromise, we specify 
consumer preference in a basic functional form that is consistent with 
theory and derive the Marshallian demand for each fish species group. 
With this approach, we can minimize the need for borrowing too many 
parameters from literature where most of them were not estimated for 
Egypt. 

2.2.1. Production and production inputs 
As described in Section 3.1, there are 40 production sectors, but only 

30 are active. The outputs of inactive sectors are zero, and this is 
formalized in Eq. (1) where qt(PC, S) is the output of each species in each 
production category at time t. 

qt(PC, S) = 0ifν(PC, S) = 0 (1) 

For declaring inputs, a six-element set CI = [Labour, Fuel, Seed, Feed,
Water,Other] was denoted for the inputs and Xt(PC, S,CI) for the quan
tity of each input used in each sector at time t. These quantities are zero 
if the inputs are not used or the sector is not active. The input demands of 
the active sectors are presented in Eq. (2) where Ax

t (PC, S,CI) is the input 
required to produce one unit of output, which varies across species and 
production sector. From here, when a complete description of a set has 
been defined, the shortcut (.) is used for compactness, unless when 
purposely avoiding possible confusion. 

Table 1 
Fish production in Egypt (2016).   

Sector Species Output Input cost/requirement 

Quantity Value Labour Fuel Seed Feed Water Other 

AQUACULTURE Cages Tilapia 75.0 1.6 13.7 < 0.1 < 0.1 72.0  6.0 
Mullet 6.3 2.3 1.1 < 0.1 < 0.1 6.5  0.5 
Carp 94.2 1.0 17.1 < 0.1 < 0.1 < 0.1  7.5 
Others 0.2 2.7 < 0.1 < 0.1 < 0.1 0.2  < 0.1 

Rice-Fish systems Tilapia 4.1 3.6 1.7 < 0.1 0.7 < 0.1  0.4 
Catfish 2.7 3.5 1.1 < 0.1 0.5 < 0.1  0.2 
Carp 6.8 6.6 2.8 < 0.1 1.4 < 0.1  0.6 

Intensive Tilapia 2.1 3.2 < 0.1 0.1 0.2 1.8 11.6 0.1 
Mullet < 0.1 0.1 < 0.1 < 0.1 0.0 < 0.1 0.3 < 0.1 
Catfish 4.9 6.2 < 0.1 0.2 0.5 4.1 26.2 0.2 
Others < 0.1 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 

Semi - intensive Tilapia 859.1 1263.7 7.5 32.2 85.1 719.5 4639.2 43.0 
Mullet 147.5 339.3 1.3 5.5 14.6 123.5 796.4 7.4 
Catfish 0.1 0.1 < 0.1 < 0.1 < 0.1 0.1 0.4 < 0.1 
Carp 100.0 196.0 0.9 3.7 9.9 83.7 539.9 5.0 
Others 67.8 271.2 0.6 2.5 6.7 56.8 366.2 3.4 

WILD CATCH NileRiver Tilapia 23.1 34.0 11.2 0.7    2.1 
Mullet 0.5 1.4 0.2 < 0.1    < 0.1 
Catfish 14.3 18.2 6.9 1.1    1.3 
Carp 10.3 20.3 5.0 0.3    0.9 
Others 25.2 67.0 12.3 2.0    2.3 

RedSea Mullet 0.2 0.4 0.1 < 0.1    < 0.1 
Others 49.5 131.6 24.1 4.5    4.5 

MedSea Mullet 1.8 4.9 0.9 0.1    0.2 
Others 52.2 138.7 25.4 4.7    4.7 

Lakes Tilapia 84.8 124.8 41.2 2.6    7.6 
Mullet 26.8 74.0 13.0 0.8    2.4 
Catfish 14.6 18.6 7.1 1.2    1.3 
Carp 5.9 11.5 2.9 0.2    0.5 
Others 27.2 54.4 13.2 2.4    2.4 

*** i Unit: Fish quantity is measured in 1000 tons; fresh water is measured in mega litters; other variables in millions USD; all rounded to the nearest single digit 
numbers. 

Table 2 
Fish consumption and international trade in Egypt (2016).  

Species Consumption Import Export 

Quantity Value Quantity Value Quantity Value 

Tilapia  1041.3  2144.4  0.5  1.0  7.0  10.6 
Mullet  183.0  589.4  0.0  0.0  0.0  0.0 
Catfish  36.5  69.8  0.0  0.0  0.0  0.0 
Carp  211.1  538.2  0.0  0.0  6.0  12.8 

*** ii Unit: Fish quantity is measured in 1000 tons; other variables in millions 
USD; all rounded to the nearest single digit numbers. 
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Xt(PC, S,CI) = qt(PC, S) × Ax
t (PC, S,CI) (2) 

Following the World Bank’s IMPACT model [36], the fish supply in 
each active sector is determined in Eq. (3) which specifies that the 
supply will respond to the rate of return in fishing. 

qt(PC, S) = Aq(PC, S) ×
(

Πt(PC, S)
Πbase(PC, S)

)ϵq(PC,S)

(3)  

where Πt() =
pf

t (PC,S)qt(PC,S)∑

CI
wt(CI)Xt (PC,S,CI)

is the rate of return (benefit over cost) at 

time t; pf
t (.) is the farm-gate price of fish which could possibly vary 

across different types of production, wt(.) is the price of inputs; ϵq(.) is 
the response elasticity of supply to the rate of return, and Aq(PC, S) is a 
shift parameter. 

2.2.2. Fish consumption demand 
To model the demand for fish, we use a double-layer structure for a 

representative consumer in this study. Here consumers decide the 
quantity of each good in order to maximize the utility with a certain 
budget, e.g., how much to spend on each species and then within each 
species how much to spend on a domestic and imported product if any 
[6]. Both layers can be modelled using the Armington preference [2], 
which allows for a certain level of substitutability, e.g., when a product 
becomes more expensive, the consumer might substitute it with similar 
products. Compared to the iso-elasticity specified by the World Bank’s 
IMPACT model, this approach is less mathematically tractable, but it is 
consistent with consumer theory such as the Engle and Cournot aggre
gation properties. 

The double-layer optimization for the consumer decision is pre
sented in Eqs. (4) and (5). Here, ec

t (.) is a 5-element vector of the 
spending on each species (both domestic and imported if any) at time t; 
yt = ybase(1 + gy)

t− base is the per-capita spending on fish at time t, which 
grows at an annual rate gy; σc is a scalar constant-elasticity-of- 
substitution coefficient (CES); Qd

t (.) and Qi
t() are the consumption 

quantities of domestic and imported fish by a representative consumer 
respectively; pd

t (.) and pi
t(.) are the prices paid by consumers for do

mestic and imported fish; σ(S) is a vector of five CES coefficients, one for 
each species group; Ad(S), Ai(S), and Ac are vectors of coefficients which 
can, without the loss of generality, be normalized such that Ad(S)+Ai(S)
= 1 and 

∑

S
Ac() = 1. 

max
ec

t (S)

[
∑

S
Ac()ec

t ()
1− 1

σc

] σc
1− σc

subject to
∑

S
ec

t = yt (4)  

max
qd

t (S)q
i
t(S)

[
Ad(S)Qd

t (S)
1− 1

σ(s) + Ai(S)Qi
t(s)

1− 1
σ(s)

] σ(S)
1− σ(S) subject topd

t ()Q
d
t (.)+ pi

t()Q
i
t()

= ec
t (.)

(5) 

Solving the optimization in Eqs. (4) and (5) is a straightforward 
calculus exercise though a little lengthy. The demand for domestically 
produced and imported fish by a representative consumer can be 
derived as in Eq. (6). 

Qμ
t () = ec

t

(
Aμ()

pμ
t ()

)σ()

∑

θ∈[d,i]
pθ

t (.)
(

Aθ()

pθ
t ()

)σ() forμ = [d, i] (6)  

where ec
t () = yt

pc
t (S)

(
Ac (S)
pc
t (s)

)σ(S)

∑

S
pc

t (S)
(

Ac (S)
pc
t (s)

)σ(S) with pc
t (S) =

[
∑

θ∈[d,i]
pθ

t (.)
(

Aθ()

pθ
t ()

)σ()
] 1

1− σ(.)

. 

The market demand for domestic and imported fish, qd
t (S) and qd

t (S), 
can be formalized as in equation (7). 

qμ
t () = NtQμ

t ()forμ = [d, i] (7)  

where Nt = Nbase(1 + gn)
t− base is the population at time t that grows at an 

annual rate of gn. 

2.2.3. Fish Export 
The demand for fish export is specified with a constant elasticity 

function in Eq. (8): 

qex
t (S) = Zex

t (S) ×
(

pex
t (S)

pw
t (S)

)ϵex(s)

(8)  

where qex
t (.) is the export quantity of the species (if any) at time t; 

ϵex(S) ≤ 0 is the elasticity coefficients for export demand showing how 
export quantity responds to the ratio between domestic and the world 
price; and Zex

t (S) represents the vector of price-shift coefficients. 

2.2.4. Fish price formation and market clearing condition 
We denote Md

t () and Td
t () as the domestic margin and sale-tax rates. 

Using this notation, the consumer price of domestic fish can be calcu
lated by incorporating the domestic margin and the sale-tax rate into the 
average farm-gate price as in Eq. (9). 

pd
t (S) =

∑

PC
pf

t (PC, S)qt(PC, S)
∑

PC
qt(PC, S)

(
1+Md

t (S)
)(

1+Td
t (S)

)
(9) 

The consumer price of imported fish equals the world (CIF) price plus 
import tax (if any) as presented in Eq. (10) where pw

t (S) is the world 
price, and Ti

t(S) is the import tax rate. 

pi
t(S) = pw

t (S)
(
1+ Ti

t(S)
)

(10) 

The export price of fish equals the farm gate price plus export margin 
and export tax (if any) as presented in Eq. (11) where Mex

t (S) and Tex
t (S)

are the export margin and export-tax rates. 

pex
t (S) = pf

t (S)
(
1+Mex

t (S)
)(

1+Tex
t (S)

)
(11) 

The market clearing condition requires the total (domestic) supply 
from all production sectors be equal to the consumption demand for 
domestic fish plus export as in Eq. (12).  
∑

PC qt(PC,S)=qt
d(S)+qt

ex(S)                                                            (12)  

2.3. Model calibration 

We calibrate the multi-species-multi-sector equilibrium model in 
specified Section 3.2 following the process described by Dawkins et al. 
[5]. On the production side, the coefficients Ax

t (PC, S,CI) and Aq(PC, S)
in Eqs. (2) and (3) are calibrated by combining the data in Table 1 and 
the elasticity of supply with respect to the rate of return ϵq(PC, S) which 
is taken from the database of the World Bank’s model. During the cali
bration of the production side, wild-catch outputs are assumed to be 
stable as it is a general opinion that most marine and inland fisheries 
resources in Egypt are fully or close to fully exploited [12]. 

We also calibrate the demand side of the model in a similar way. The 
parameters in the double-layer preference structure in Eqs. (4) and (5) 
and the export price-shift parameters in Eq. (8) are calculated by 
combining the data in Table 2 with the CES coefficients σC, σ(S) and 
ϵex(S). These coefficients are fine-tuned to best fit with the own-price 
elasticity values in the World Bank’s database. The value for domestic 
and export margins in Eqs. (9) and (11) is calculated directly from the 
data in Tables 1 and 2. 

The model will project the outcome of Egypt’s fishery sector until 
2030. To calibrate the inter-temporal developments of the fish market, 
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the annual dynamics of population and per-capita income are incorpo
rated into the model. It is assumed that Egypt population would increase 
by 1.95% a year (gn = 0.0195), and the per-capita income would in
crease by 2.38% a year, which are the 30-year average between 1987 
and 2016 (GAFRD statistics and World Bank database). In regard to the 
diet-shift effect (i.e., spending on fish grow faster than income), the 
World Bank’s database suggests that when per-capita income in Egypt 
increases by 1%, the spending on fish will increase by around 1.5%, i.e., 
an additional of 0.5%. This is a relatively high growth rate given the fact 
that per-capita fish consumption in Egypt in 2016 is only marginally 
below that of European countries that have 10-fold income. Put it 
differently, if the World Bank’s assumption about the diet-shift unfolded 
true by 2030, each Egyptian citizen would consume 1.5 times more in 
quantity compared to a European neighbour while earning only 14% of 
the income. For this reason, we adjust this assumption downward by 
assuming that the spending on fish in Egypt would increase by the same 
rate as the per-capita income; and with this assumption, the fish con
sumption of Egypt by 2030 would be comparable to the current level of 
the European countries. 

2.4. Scenarios 

To identify the scenarios of interest, a workshop was organized with 
participants coming from various stakeholder groups, including: gov
ernment, NGO, academia, research institutes, and private sector. A two- 
day technical workshop was conducted in Cairo, where more than 20 
specialists from different fields of expertise, covering fisheries, aqua
culture, trade and economics, and food security. The participants 
brought a diverse experience and expertise to the review of current 
status, and scenario setting and future visioning process. 

The workshop participants were asked to discuss barriers to the 
growth of Egypt’s fishery sector until 2030, together with the channels 
of impact. To facilitate the discussion, the participants were pre- 
provided with a list of factors, and they could add their own assess
ments. The pre-provided factors are those that have been mentioned in 
the literature, including conditions of input markets, trade policies, 
infrastructure capacity, environmental constraints, and infectious dis
ease outbreaks [29,39]. 

The outcome of the workshop was practical as expected. The par
ticipants first agreed with all pre-provided factors except for infra
structure capacity as they did not consider this factor as a key obstacle of 
the fishery sector. More interestingly, all participants from the business 
sector indicated that increases in labour cost, a factor not in the pre- 
provided list, would have a significant impact on the fishery sector. 
This point was admitted by all other participants because the rising wage 
rate was already squeezing labour-intensive production types. The 
participants suggested that increases in labour costs should be taken into 
account in all scenarios. Some participants also mentioned non- 
quantifiable factors such as institutional obstacles or red-tape in the 
administrative system. 

We combined the outcome of the workshop with the foresight model 
to analyse several highlighted scenarios for Egypt’s fishery sector. In all 
considered scenarios, the wage rate is assumed to increase at the same 
rate as the per-capita income of Egypt, as suggested by the workshop 
participants. In the first scenario, except for the wage rate, other factors 
such as environmental policy and input markets are assumed to remain 
similar to the base year, so for short, we term it ‘the baseline scenario’. 
This baseline scenario is a common benchmark of alternative scenarios 
considered in the paper, not necessarily the most likely outcome in the 
future. The objective of this first scenario was to shed light on the 
fundamental barriers that would arise if Egypt’s fishery sector was to 
develop in the current trend and serve as a comparison benchmark for 
the remaining alternative scenarios. 

The remaining scenarios were grouped into two broad categories. 
The first category included scenarios about the aquaculture input mar
kets, namely, what would happen if there were increases in the price of 

feed, seed, and water. The second category focused on the impact of 
taxes and disease outbreaks. Each category included several some sce
narios which were compared to the outcome of the baseline scenario to 
highlight the impact of individual factors. 

3. Results 

3.1. The baseline scenario 

We solved the model under the baseline assumption and summarized 
the projection of fish production in Fig. 1. As shown in the left panel, 
tilapia production in Egypt would remain the largest component, ac
counting for 63%− 66% of the total output. The shares of mullets, carps 
and other species would be similar at around 10%− 12%, though specific 
numbers slightly vary across time. The total fish output is projected to 
increase from 1.7 million tons in 2016 to more than 2.4 million tons in 
2030, i.e., by approximately 42% over the projection period, or an 
average of 2.4% a year. 

The increase in the total output is driven by the expansion of the 
aquaculture sector, as shown in the right panel. The aquaculture output 
would increase by 52%, from 1.37 million tons in 2016–2.09 million 
tons in 2030, or in other words, roughly 3% a year - which is slightly 
above the GDP growth rate. Semi-intensive aquaculture would remain 
the main production type, accounting for 85%− 88% of the aquaculture 
output. The intensive production type has the fastest growth, around six 
times between 2016 and 2030, though its share in the total production 
remains relatively small. Cage aquaculture – the second largest aqua
culture production type - would marginally grow by 6% over the 
2016–2030 period, i.e., an average growth rate of only 0.4% a year, and 
its share in the total aquaculture output would decline from around 
13–9%. Rice fields ( rice-fish polyculture) in 2030 would remain more or 
less similar to 2016 level, so its share in the aquaculture output would 
fall because of the expansion of the other production types. 

The changes in the composition of aquaculture, with increasing 
shares of intensive and semi-intensive production and declining shares 
of cages and rice-fields, are mainly driven by the increases in labour cost. 
As the wage rate rises, labour-intensive production types will have their 
profitability decline in relation to other sectors, which shrinks their 
relative shares in the total output. From the data in Table 1, it can be 
shown that cage and rice-fish system are more labour-intensive than 
intensive and semi-intensive aquaculture. In particular, the shares of 
labour in the total cost are 6% and 60% for cages and rice-fish systems, 
respectively, while the numbers are less than 1% for both intensive and 
semi-intensive. This fact represents an underlying trend where aqua
culture types that are using relatively less labour will play more 
important roles in satisfying the increasing demand for fish. 

However, the rapid growth of less labour-intensive production types 
would substantially increase non-labour inputs, another pressure on the 
growth of the fishery sector. This pressure is reflected in the left panel of  
Fig. 2, which shows the dynamics of the requirements for aquaculture 
inputs. As the inputs have different measurement units, we use input 
quantity indices in the figure to be able to compare their growth rates 
(with year 2016 is normalised to 100%). Here, the requirement for fresh 
water would increase to round by around 1.6 times by 2030, followed by 
seed and feed, for which the quantity would increase to more than 1.5 
times during the same period. The requirement for fuel would also in
crease to more than 1.4 times. The requirement for labour would grow 
by only around 5% over the 2016–2030 period, the lowest growth rate, 
due to the shrinking of labour-intensive production types. 

To provide further insights into the pressure caused by input re
quirements, we use the survey data about water use in aquaculture 
summarised by Yacout et al. [48] and Henriksson et al. [19] to estimate 
the quantity of fresh water in this baseline scenario. The estimated re
sults suggest that by 2030, Egypt’s aquaculture sector alone would 
require approximately 10.2 billion cubic metres of freshwater. This is a 
sixth of the water volume that the Nile River, the primary source of 
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freshwater, can potentially supply to Egypt. In addition, input-supply 
industries would also require a significant amount of water to produce 
feed and seed [48]. This scenario, if it unfolds, would pose significant 
risks to both water security and environmental sustainability in Egypt 
unless the aquaculture wastewater was used for other farming activities. 

The foresight model also allows us to project the profitability for 
each sector in terms of benefit-cost ratios (BCR). The profitability of 
aquaculture and wild-catch sectors is summarised in the right panel of 
Fig. 2. The BCR of wild-catch would remain higher than that of the 
aquaculture sector though slightly declining due to the increases in the 
labour cost. This result suggests that incentives for overfishing might not 
be rising in the baseline scenario, though it does not necessarily imply 
that regulatory measures already in place could be relaxed. In contrast, 
the average BCR of the aquaculture sector would increase even with a 
higher wage rate. This is because of the shift toward less-labour inten
sive production types. In addition, there would also be a steady increase 
in demand for fish as driven by the income and population growth, 

which would contribute to an increase in fish price, offsetting the rising 
wage rate, and thus increasing the profitability of the aquaculture 
sector. 

The projected fish consumption and price dynamics are summarised 
in the left panel of Fig. 3. Fuelled by the income growth, per-capita fish 
consumption in Egypt would increase from 20.6 kg/year in 2016 to over 
23 kg/year in 2030, roughly similar to the current consumption level in 
European neighbours. The Fisher index shows that the overall fish price 
in Egypt would increase by nearly 27% over the 2016–2030 period, 
slightly more than the forecasted 25% increase in the average world 
price of fish. Within the consumption basket, the group ‘other’ which 
mainly includes sea bream, sea bass, meagre, shrimp, mackerel, and 
herring, has the fastest growing price of 28.4%, while Tilapia – the group 
with the largest share- has its price increased by 26%, the lowest in
crease among the five species. 

As fish price increases in the domestic market more than in the world 
market, the net import of fish would widen, as shown in the right panel 

Fig. 1. Total production (left) and aquaculture output (right) of Egypt in the baseline scenario.  

Fig. 2. Projected demand for inputs (left) and profitability (right) of Egypt’s fishery sector.  

Fig. 3. Projected consumption and price (left) and international trade (right) of fish in Egypt.  
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of Fig. 3. Fish export would marginally decline while imports would 
increase to more than 0.5 million tons by 2030. In 2016, Egypt imported 
0.31 million tons of fish which mainly included products under the 
‘other species’ group such as mackerel, herring, pangasius, tuna, 
sardine, and shrimp. The increase in imports reflects the impact of rising 
income on demand for species that are not produced in Egypt. In Section 
3.4, we analyse the scenarios where the government attempts to inter
vene on the import and export activities by imposing taxes. 

3.2. Feed and seed 

In this group of scenarios, we project the impact of an increase in the 
prices of the feed and seed and analyse how technological progress could 
improve the situation. In short, we use the label ‘HiPrFeedSeed’ for a 
scenario where the price of feed and seed is assumed to increase by 25% 
by 2030 and ‘TechFeedSeed’ for another scenario where technological 
progress helps reduce the requirement of feed and seed to produce a ton 
of fish reduced by 1% a year. The results of these scenarios, together 
with the baseline outcome, are summarised in Table 3, which reports the 
projected growth, rounded to the nearest percentage point, over the 
2016–2030 period. The first three indicators are total consumption, total 
production, and net import, followed by the changes in the requirement 
for feed, seed and water as well as the overall fish price index and the 
profitability of the wild-catch sector. 

The projection outcomes suggest that the growth of total fish con
sumption driven by demographic and economic growth would remain 
similar in the considered scenarios while other indicators will vary. In 
the ‘HiPrFeedSeed’ scenario, where feed and seed become more 
expensive, total production would grow by only 15% during the 
2016–2030 period because aquaculture profit shrinks, a relatively 
slower growth compared to 42% in the baseline scenario. The shortfall 
caused by the reduction in domestic supply would be met by faster 
growth of net import, from 77% to 225%. Technological progress, if 
capable of improving the efficiency of input use, would partially offset 
the impact of the rising input prices on total production with a growth of 
34% over the 2016–2030 period and a 122% growth of net import. 

The rising prices of feed and seed would also significantly reduce the 
growth of input requirement, from around 57%− 60% in the baseline 
scenario to 20%− 21%. However, as production was far outpaced by 
demand, the domestic fish price would rise faster with a growth rate of 
35% over the projection period as compared to 27% in the baseline. A 
side effect of a higher domestic fish price is that the wild-catch sector( 
which does not suffer from the rising prices of feed and seed) and the 
rice-fish polyculture which have a lower share of labour in their cost 
structure compared to other aquaculture types, would benefit from a 
higher rate of return. This situation might provide incentives for 
expanding the marine catch and thus put more pressure on regulatory 
authority for further measures to maintain the sustainability of marine 
resources. 

3.3. Water prices 

This group of scenarios focuses on water pricing and the impact of 

technological progress on water efficiency. In particular, we analyse 
what would be the outcome if the government imposes a price of, say, 
$0.05/m3 on aquaculture water input to restrict the use of fresh water 
and if the requirement of inputs, including water, to produce a ton of fish 
could be reduced by 1% a year. These two scenarios are labelled as 
‘HiPrWater’ and ‘TechProg’, respectively, and their outcomes are sum
marised in Table 4 in comparison to the baseline scenario. 

The results in Table 4 suggest that while the growth of total fish 
consumption would still remain more or less similar to the baseline 
scenario, water pricing would significantly slow down the growth of the 
aquaculture sector and increase the net import of fish. Water pricing 
would affect semi-intensive and intensive aquaculture, the fastest 
growing sectors in the baseline scenario because these are the only 
aquaculture types that use water as an input. This ‘crowd-out’ impact 
would also slow down the demand for seed, feed and water, from nearly 
60% in the baseline scenario to around 16%− 17% during the projection 
period. 

The water pricing policy would significantly increase the overall 
price of fish via the production cost, especially that of semi-intensive 
aquaculture, which has the largest share in fish production. The in
creases in fish price would benefit the wild-catch sector, prompting 
measures to avoid overfishing in marine resources. Similar to the case 
where the costs of seed and seed increase (‘HiPrFeedSeed’), technolog
ical progress which helps improve input-use efficiency would help 
partially offset the crowd-out impact. 

3.4. Import and export regulation 

The projection outcome for the impact of taxes is summarised in  
Table 5. In the scenario labelled ‘ImpTax’, the government imposes a 
10% import tax rate on all imported fish. In the ‘ExpTax’ scenario, it is 
assumed that the export tax rate would be raised by ten percentage 
points. For comparison purposes, Table 3 also includes the outcome of 
the baseline scenario. 

With the import tax, the net import would reverse, as expected, from 
a growth of 77% in the baseline scenario to a decline of 28% over the 
2016–2030 period. However, the tax would increase the overall price of 
fish that would slow down the growth of fish consumption. Domestic 
fish production would be protected from the competition of imported 
products and benefit from the import tax, but a faster growth of domestic 
production would also increase the requirement for inputs. The rate of 
return of the wild-catch sector would still decline, though by less than in 
the baseline scenario. 

In the ‘ExpTax’ scenario, export would be restricted, so more fish 
would be retained in the domestic market, and the growth of domestic 
fish price would be slowed down. However, this impact on price would 
be modest, with the price growth declining from 27% in the baseline 
scenario to 26% under the export tax. Both total consumption and 
production would remain more or less similar to the baseline scenario, 
but net import would widen because of the weakened export. The wild- 
catch sector, which produces high-quality fish for export, would prob
ably suffer most from the export tax with a decline in the rate of return. 

Table 3 
Feed and seed results.   

Parameter Baseline 5% loss 10% loss 

Agg. Indicators Total Consumption (%) 47 46 46 
Total Production (%) 42 35 28 
Net import (%) 77 119 161 

Input Req. Seed (%) 58 56 54 
Feed (%) 57 55 53 
Water (%) 60 57 55 

Price & Profit Price index (%) 27 29 31 
Catch BCR (%) -4 -2 0 

*** All values represent percent change. 

Table 4 
Water pricing results.   

Parameter Baseline HiPrWater TechProg 

Agg. Indicators Total Consumption (%) 47 48 46 
Total Production (%) 42 13 31 
Net import (%) 77 276 141 

Input Req. Seed (%) 58 16 22 
Feed (%) 57 17 22 
Water (%) 60 16 22 

Price & Profit Price index (%) 27 36 30 
Catch BCR (%) -4 5 -1 

*** All values represent percent change. 
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3.5. Disease outbreak 

The projection outcome for the two scenarios with disease outbreaks 
is reported in Table 6. In both scenarios, the growth of total consumption 
- as driven by population and economic development - would be similar 
to the baseline, but the production sector would slow down consider
ably. The shortfall between total consumption and total production 
would be met by a significantly widening net import of fish. When 
aquaculture is hit by infectious diseases, the fish price would increase 
faster, and the rate of return of the wild-catch sector would not decline 
as much as under the BAU assumptions. 

4. Discussion 

Our analysis provides some insights into the specific obstacles to the 
sustainable growth of Egypt’s fishery sector in the near future. The 
scenarios analysed here are based upon the concerns and expertise of 
relevant stakeholders within the country, and as such, our results are 
pertinent to policymakers and stakeholders concerning sustainable 
fisheries and aquaculture development for food and nutrition security in 
Egypt. We provide a tool that summarizes the effects of these relevant 
scenarios on fish consumption, trade, and prices. These are key in
dicators that provide an overall outlook of the fishery sector and food 
security in Egypt. 

Traditional diets in Egypt prioritise fish products, making up 38% of 
total animal protein consumed. The per capita consumption of fish in the 
country has grown considerably over the past two decades and will 
continue to increase in the future. The results of our model indicate that 
per capita consumption is projected to increase from 20.6 kg in 2016 to 
23 kg in 2030, an increase of almost 3 kg per person per year. These 
increases are driven by a combination of population growth, economic 
growth, and a growing consumers’ desire to consume nutritious and 
healthy foods. Due to the stagnation of capture fisheries, aquaculture 
will continue to be the main contributor to the domestic aquatic food 
supply. According to our model, aquaculture production will grow be
tween 14% and 46%, depending on the scenario being considered. Up
ward pressure from limited input supply in aquaculture is also predicted 
to increase the price of fish considerably by as much as 36% by 2030. 

Aquaculture inputs in Egypt, including feed, seed, labour, and water, 
were identified as one of the major threats to aquaculture production. 

Our model highlights the importance of these factors when considering 
the future of the sector. Increasing feed and seed prices in Egypt can be 
expected to limit increases in domestic production to 15%, a substantial 
decrease when compared to the baseline scenario where production 
increases by 42%. Limited production growth due to high feed and seed 
prices will increase fish imports into Egypt by 255%, increasing the 
share of imported fish consumed domestically and increasing the price 
of fish by almost 10% more than the baseline scenario. This drastic in
crease in fish imports has consequences in terms of food security, job 
creation and income generation. Possible technological efficiency gains 
may provide a buffer for the effects summarized, limiting imports to 
122% while reducing production losses. Egypt has a very competitive 
market for feed with over 100 companies providing products, however, 
these products depend on imported raw materials, which leaves prices 
vulnerable to international dynamics. These results highlight the ne
cessity of policies that can curb potential input price increases in order to 
protect food and job security, as well as policies that may incentivize 
innovation in aquaculture production. 

Another key input for freshwater aquaculture in Egypt is water, a 
natural resource that is characterized by growing scarcity in northern 
African countries, including Egypt, due to global climate change impacts 
[21,35]. In fact, the water supply in Egypt is expected to drop from 53 to 
50 BCM in 2025, while the population will increase by approximately 20 
million [28]. Furthermore, aquaculture is the second user of freshwater 
in the agricultural system, meaning that water used for aquaculture 
depends on agricultural runoff from cropland. As water scarcity in
creases, the agricultural industry has been focussing heavily on maxi
mizing the efficiency of their agricultural systems, as is outlined by the 
National Water Policy [18]. Increasing efficiency in agriculture pro
duction also means less runoff to be used by the aquaculture sector, 
creating a possible acute water shortage for freshwater aquaculture. Our 
model shows that water availability will be a critical issue for Egyptian 
aquaculture. Our model predicts that issues of water availability will 
drastically decrease production growth and increase imports, causing 
the price of fish to inflate relative to the baseline scenarios. The aqua
culture composition and production systems may also be altered by 
water shortages or prices. There might be bright prospects for more 
water efficient systems like in-pond raceways and recirculating aqua
culture systems (RAS) to increase production with less water as a result 
of water shortages. Intensive and semi-intensive aquaculture, which 
make up most of the production, requires less labour than alternatives, 
but they are heavily reliant on water and energy inputs. This fact puts 
the aquaculture sector at risk of being vulnerable to water shortages and 
possibly having to resort to more labour-intensive methods, which will 
subsequently significantly increase fish prices. This is especially con
cerning due to the projected increased reliance on less labour-intensive 
aquaculture methods due to rising wage rates. 

In addition to the effects of water shortages on aquaculture, it has 
also been reported that agricultural runoff water is a potential source of 
bio-chemical contaminants which negatively affect fish development 
[8]. Water pollution can also be related to fish disease, which is another 
threat to the aquaculture sector in Egypt. Our analysis discussed the 
implications of fish disease that limited production by 5% and 10%. In 
these scenarios, we again see adverse effects on production, which leads 
to increased imports, though not drastically in both cases. 

All the mentioned scenarios above rely on increasing imports and 
fish prices to offset rising costs. While imports may be controlled by an 
import tax, this option would potentially have drastic negative impacts 
on fish consumption and prices. In addition, external impacts on capture 
fisheries should also be considered. For instance, a higher fish price may 
increase the risk of overexploiting marine resources due to the increased 
profit incentives. This channel should not be overlooked as Egypt’s 
capture fisheries have been fully exploited for the last couple of decades, 
and increased activity in this sector could potentially have long-lasting 
environmental effects. Our analysis demonstrates that these risks may 
be mitigated via technological advancements. 

Table 5 
Import and Export Regulation Results.   

Parameter Baseline ImpTax ExpTax 

Agg. Indicators Total Consumption (%) 47 38 46 
Total Production (%) 42 48 41 
Net import (%) 77 -28 80 

Input Req. Seed (%) 58 66 57 
Feed (%) 57 64 56 
Water (%) 60 68 59 

Price & Profit Price index (%) 27 30 26 
Catch BCR (%) -4 -3 -5 

*** All values represent percent change. 

Table 6 
Disease outbreak results.   

Parameter baseline 5% loss 10% loss 

Agg. Indicators Total Consumption (%) 47 46 46 
Total Production (%) 42 35 28 
Net import (%) 77 119 161 

Input Req. Seed (%) 58 56 54 
Feed (%) 57 55 53 
Water (%) 60 57 55 

Price & Profit Price index (%) 27 29 31 
Catch BCR (%) -4 -2 0 

*** All values represent percent change. 
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5. Conclusion 

We have shown that fish demand in Egypt will increase steadily, 
driven primarily by population growth and economic growth. Based on 
the options and concerns of relevant stakeholders, our analysis shows 
that constraints to the sustainable development of aquaculture in Egypt 
need to be managed by decision-makers. Egypt faces substantial chal
lenges pertaining to increasing aquaculture input prices, water scarcity, 
trade policy, and fish disease outbreaks. The most pressing of these is
sues are aquaculture input and freshwater availability. These constraints 
will negatively affect production and drastically increase prices and 
import quantities. Attempting to mitigate these constraints by imple
menting an import tax would have further negative effects by signifi
cantly inflating domestic prices and severely limiting supply. However, 
these negative effects can partially be mitigated through technological 
progress in both input and water-use efficiency. The economics of 
application of these new technologies deserve further analysis. 

Understanding these obstacles is necessary to sustain current con
sumption levels and ensure food security in Egypt. Fish is one of the 
primary sources of animal protein and micronutrients for Egyptian 
consumers and must be taken seriously. Due to the stagnation of capture 
fisheries, sustainable intensification of aquaculture must be considered 
the only plausible avenue of fish supply growth in the future. Our 
analysis provides a tool for policymakers in Egypt, helping them un
derstand the implications of relevant challenges that the country’s 
fishery sector is currently facing. This will guide the direction of future 
policy, which will ensure that the worst outcomes are avoided. 

CRediT authorship contribution statement 

All authors collectively contributed to original paper writing, revised 
the paper and approved its resubmission. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgements 

This research is a contribution to the CGIAR Research Program on 
Fish Agrifood Systems (FISH) led by WorldFish. Funding support for this 
work was provided by CGIAR Trust Fund donors. We would like to thank 
all funders who support this research through their contributions to the 
CGIAR Trust Fund: https://www.cgiar.org/funders/. The authors also 
highly acknowledge the partnership and contributions of a wide range of 
public, private, community and civil society members and organizations 
in Egypt to the research. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.marpol.2022.105333. 

References 

[1] S. Aiyar, R.A. Duval, D. Puy, Y. Wu, L. Zhang, Growth slowdowns and the middle- 
income trap, IMF Work. Pap. Volume 2013 (2013), https://doi.org/10.5089/ 
9781484330647.001. 

[2] P.S. Armington, A theory of demand for products distinguished by place of 
production, Staff Pap. 16 (1969) 159–178. 
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