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Outline

1. Economic Complexity: A Background
– The theory of complexity
– The product space

2. Applying Complexity to Fibrous Products
– Identifying the fibrous products in the trade data
– The fibrous product space
– The Fibrous Complexity Index (FCI)

3. Fibrous Futures: Frontier Products
– Identifying frontier products
– Identifying fibrous frontier products
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1. Economic Complexity: A 
Background
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1.1 The Theory of Complexity
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Measuring Economic Complexity

• Hausmann & Hidalgo (2011) develop a way to measure the 
productive knowledge in society – the measure of economic 
complexity

• Two important concepts: 
– Diversity: how diverse is the export portfolio of the country?
– Ubiquity: how commonly produced is a particular product?

• Economic complexity is more than just diversity or ubiquity
• Consider medical machinery and diamonds.

– Ubiquity is low – both goods are produced by very few countries
– BUT the countries producing medical machinery have much more 

diverse export portfolios. Thus, higher diversity.
– Thus, we need to refine the notion of ubiquity by considering diversity.

Presenter
Presentation Notes
Measure is indirect – there is no way of directly observing know-how
Rather, they observe what countries produce and infer know-how from there.




Diversity and Ubiquity: An Example

M X-ray Car Cheese Coffee

FRA 1 1 1 1

IND 0 1 0 0

GHA 0 0 1 1

BGD 0 0 0 1

𝑘𝑘𝑐𝑐𝑐,0 = 4

𝑘𝑘𝑐𝑐𝑐,0 = 1

𝑘𝑘𝑐𝑐𝑐,0 = 2

𝑘𝑘𝑐𝑐𝑐,0 = 1

𝑘𝑘𝑝𝑝𝑐,0 = 1

𝑘𝑘𝑝𝑝𝑐,0 = 2

𝑘𝑘𝑝𝑝𝑐,0 = 2

𝑘𝑘𝑝𝑝𝑐,0 = 3

Diversity Ubiquity

Then calculate 
the average 
diversity of 

countries that 
produce each 
product, etc.



The ECI and the PCI

Through the Method of Reflections, we obtain some 
important measures related to economic complexity:
• PCI – A measure of how complex a given product is. 

This depends on the ubiquity of the product as well as 
on the diversity of the country exporting the product

• ECI – A measure of the level of economic complexity for 
a country (can be thought of as the average PCI for 
those products exported with 𝑅𝑅𝑅𝑅𝑅𝑅 ≥ 1)

And some other measures that we won’t talk about here: 
e.g. distance, opportunity gain, 
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Building Economic Complexity
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Source: Own calculations using trade data from BACI data (HS 6-digit revision 1992) and GDP per capita data from the World 
Development Indicators.
Notes: The sample of countries is reduced to those for which we estimate complexity measures. 

Economic Complexity (ECI) and the Log of GDP per capita by analytical group, 2013

Japan

South Africa

Presenter
Presentation Notes
There is a strong correlation between ECI and GDP per capita:
75% of variance in GDP p.c. among minor natural resource exporters explained by ECI
After controlling for each country’s natural resource exports, ECI and natural resource exports explain 73% of variation in GDP p.c. across countries.
Therefore, the more complex a country, the more likely a country has a higher level of income.
Economic complexity precedes and hence drives L/R levels of income and growth.




1.2 The Product Space



How to grow complexity?

Growing complexity requires producing more complex products. In 
order to produce new products, you need to accumulate new 
capabilities. 
BUT, the accumulation of capabilities is complicated by the chicken 
and egg problem…
• You can’t produce products that require capabilities that you do 

not have.
• BUT there is no incentive to accumulate capabilities if the 

industries that demand them, do not exist.
This is especially the case if the capabilities required by a new 
industry/product are numerous.

Presenter
Presentation Notes
Example:
Producing and exporting fresh produce
If a country does not export fresh produce, then it probably does not have a cold-storage logistics chain, an expedited green lane at the customs service, or a globally recognized food safety certification system.
An investor planning to invest in cold-chain logistics would worry about how its clients (the fresh produce producers) would be able to go through customs without delay and get certification for their produce.
If these processes (i.e. capabilities) are not in place then the demand for cold storage logistics chain would be nil, making the investment unwise. 



How to grow complexity?

How do countries accumulate capabilities, and thus 
produce the new products that require such capabilities?
• Combine existing capabilities with new capabilities 
• Move to products that use existing/similar capabilities

For example:  You produce shirts. It is easier to move to 
producing blouses than to jet engines.

Relationships between products are built up in a network.
This network is visualised as the Product Space
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Presentation Notes
New capabilities are more easily accumulated if they are combined with others that already exist (versus coordinating the accumulation of a wide range of capabilities).
Countries are more likely to move into products that can make use of capabilities that the country already has and is using in existing industries
This implies that countries will diversify by moving from the industries that already exist, to others that require a similar set of capabilities
i.e. it is easier to shift from shirts to blouses than from shirts to jet engines.
The embedded knowledge in shirts is similar to that of blouses but dissimilar to that of jet engines


Example:
If a country already has a certification mechanism and a green lane at the customs service
It would be easier to convince the investor to develop the cold chain, by arguing that with the addition of this new capability, the fresh produce export industry would take-off and the cold storage chain services would be demanded.



Visualising the Product Space

Presenter
Presentation Notes
Node: each point is a node and is scaled by size of product in world trade. Colour of nodes indicative of community (i.e. similar set of capabilities – similar PCI)
Links/Edge: Connect products with a high probability of being co-exported (thicker and darker link – higher probability of being co-exported)
Generate a ‘maximum spanning tree’ – create a connected network with no isolated islands of products. MST is a set of N-1 links that connects all nodes in the network and maximises the sum of proximities in it. 
Also include strongest links which are not in the MST – links above a certain proximity threshold. Strongest 1% of links – ensure that the visualisation is sparse and not too much visual complexity
Use force-directed layout algorithm – densely connected nodes are put together and nodes that are not connected are pushed apart.
The product space is heterogeneous – some sections are dense and connected while other sections are sparse and peripheral
This has implications on 1) ability to grow in complexity and 2) undergo structural transformation
Product space show many products that are grouped into highly connected communities communities (e.g. chemicals, machinery, electronics, clothing) – communities use similar set of capabilities



What the Product Space can tell us

Structure of a country’s product space tells us how easily 
it can increase its complexity. 
• In the core – more connected; easier to diversify
• In the periphery – less connected; harder to diversify

Structural transformation is a path dependent process. 
Countries find it easier to move to ‘nearby’ products

Countries seeking to develop complexity should aim to 
diversify into the core of the product space.
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Presentation Notes
If a country is in the core, then neighbouring products differ in few of their requisite capabilities. 
Easier to diversify by accumulating the few missing capabilities. 
Easier to grow complexity.
If a country is in the periphery, then neighbouring products have less in common, implying that they use different capabilities. 
Harder to diversify because require simultaneous acquisition of multiple missing capabilities. 
Harder to grow complexity

A country’s current productive structure – and the knowledge embedded in it – impacts on its subsequent evolution.





Chemicals and plastics

Machinery and 
transport

Horticulture

Platinum

Iron ores and 
concentrates

Coal Gold

Agro-processing

South Africa’s Product Space, 2015
Quite peripheral and resource-based

Source: CID (2018)
Notes: Product groupings or clusters are represented by the following colours: Textiles & Furniture (light green); Vegetables, Foodstuffs & Wood 
(yellow); Stone & Glass (light brown); Minerals (dark brown); Metals (red); Chemicals & Plastics (light purple); Transport Vehicles (dark purple); 
Machinery (blue); Electronics (turquoise); Other (dark blue).



2. Applying Complexity to 
Fibrous Products
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Identifying Fibrous Products

To identify whether a product was fibrous or not:
– Refer to list of products provided by Engineering team
– Map each of these products to the relevant HS04 code
– Manual mapping of products resulted in 175 fibrous 

products in total

Caveat: Although products identified could be 
produced using these fibrous plants, there is no way of 
knowing the share of or viability of production – e.g. 
bicycles.
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How Do Fibrous Products Compare?
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Presentation Notes
It should be noted that the PCI was standardised to have a mean of 0 and a sd of 1 to construct this diagram.



Complexity of Fibrous Products
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Bast fibre textiles 

Knit and other 
textiles – e.g. 

overcoats, suits, 
activewear

Paper and paper 
pulp (woody tissue 

products)

Chemical products, 
bio-composites, 

medicines



Locating Fibrous Products in the Product Space
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Textiles

Wood & paper productsBiocomposites, 
plastic/rubber products 

and non-woven/technical 
textiles

Chemical products, 
oils, medicaments

Spectacle or goggle frames

Sports equipment

Bicycles

Presenter
Presentation Notes
Plastic products include cellulose, plastic polymers. 

The product space has many products in it, and a lot of them are not relevant to us. Only the highlighted nodes are relevant to us; thus, maybe it is worthwhile investigating whether we can produce a product space of only fibrous plant products.



Building a Fibrous Product Space

Perhaps we are interested in how a country like South 
Africa fits specifically into the fibrous world economy.

Just like you can visualise the product space for all 
products and highlight where 𝑅𝑅𝑅𝑅𝑅𝑅 ≥ 1, we could build 
a fibrous product space.

A fibrous plant product space can show us how much 
of the fibrous economy we as a country are engaged in.
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The Fibrous Product Space
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• Cluster of agricultural, 
chemical and textile 
products in the centre 
of the product space.

• Machinery and some 
simple textiles (e.g. 
bast fibres, yarns and 
woven fabrics) spread 
out away from the 
centre.



South Africa’s Fibrous Product Space
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SA currently occupies 
nodes in the Fibrous 
Product space for products 
such as:
• Seed oils and margarines 

(agricultural)
• Wood charcoal 

(agricultural)
• Polishes, soaps and 

creams (chemical)
• Paper and paper 

notebooks (agricultural)
• Footwear and hat shapes 

(textiles)



Creating a Fibrous Complexity Index (FCI)

To understand the fibrous market globally and a country’s 
relative position in the global market, we create a Fibrous 
Complexity Index (FCI).
This captures the extent to which a country can competitively 
export a diverse range of technologically sophisticated fibrous 
products.
Calculated by following the approach adopted by Mealy & 
Teytelboym (2018):

𝐹𝐹𝑅𝑅𝐼𝐼𝑐𝑐 = �
𝑓𝑓

𝜌𝜌𝑓𝑓�𝑃𝑃𝑅𝑅𝐼𝐼𝑓𝑓

where 𝜌𝜌𝑓𝑓 is a binary vector, with a 1 if country 𝑐𝑐 exports fibrous 
product 𝑓𝑓 with 𝑅𝑅𝑅𝑅𝑅𝑅 ≥ 1, and �𝑃𝑃𝑅𝑅𝐼𝐼𝑓𝑓 is the PCI for fibrous 
product 𝑓𝑓 normalised so that values lie between 0 and 1.
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The normalisation procedure was as follows: (PCI-PCImin)/(PCImax-PCImin)
The normalisation of the PCI means that the FCI essentially just becomes a type of weighted average of the PCIs of the fibrous products exported competitively (this is analogous to the definition of ECI from before).
Furthermore, FCI was normalised once again after the calculation by subtracting the mean and dividing by standard deviation.



FCI rankings (2016)
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Rank FCI Country
1 2.242 Portugal
2 2.144 Italy
3 2.083 Poland
4 2.081 Spain
5 2.066 China

119 -1.230 Guinea
120 -1.233 Congo
121 -1.245 Yemen
122 -1.256 Mauritania
123 -1.272 Angola

⋮ 70 -0.401 South Africa



Linking FCI and ECI
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Presentation Notes
FCI and ECI are clearly linked: higher complexity economy is linked to a country with higher fibrous complexity.



Linking FCI and Development
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Presentation Notes
Correlation not as strong as ECI and GDP per capita, but still statistically significantly different from 0.



Why grow FCI?

• The positive correlations shown indicate that growing 
the fibrous plant economy (FCI) could potentially grow 
the economy as a whole (ECI), and also lead to 
development (GDP per capita).

• South Africa is currently below the regression lines in 
both cases.
– So, we have perhaps underinvested in the fibrous plant economy 

for our level of development, and our level of complexity.
– Perhaps this means there are opportunities available in the 

fibrous plant industry that we have not explored.

• But now, how do we decide what products to focus on in 
order to build economic and/or fibrous complexity?
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3. Fibrous Futures: Frontier 
Products
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Identifying products to diversify into

Growing an economy = Growing complexity
BUT you also want to ensure that your proposed 
diversification path is feasible …
For example:
You produce T-shirts now.
Yes, Computer Microprocessors are more complex, but 
they require a lot of new skills and a large accumulation 
of capabilities.
Maybe we should focus on low-hanging fruit: e.g. move 
from T-shirts to footwear.
These ideas inform the notion of a frontier product.
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Identifying Frontier Products: An Example

Motor vehicle parts Motor vehicles

Presenter
Presentation Notes
Motor vehicles are a product currently produced by South Africa with a RCA>1.
Motor vehicle parts is a frontier product.
Note it is:
Not currently produced in SA with comparative advantage (RCA<1)
Higher in complexity than motor vehicles (PCI is higher than country’s ECI)
Closely related to the current product – i.e. the capabilities are similar for producing motor vehicles and motor vehicle parts
Highly connected, indicated by red lines (this indicates high opportunity gain, or a great diversification opportunity from diversifying into this product) 



Identifying Frontier Products

31

Presenter
Presentation Notes
Plot only products with RCA<1 (so these are the products we do not export competitively. 
Calculate distance as 1-density (could do 1/density, but then the values are not limited between 0 and 1)
Horizontal line is ECI – i.e. average PCI for those products which SA exports competitively.
Vertical line is median distance of all products that are not exported competitively. (Could use other measures if you want: mean distance, arbitrary cut-off, etc.)



Fibrous Frontier Products?
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The Fibrous Frontier Products
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Community Average PCI Number of 
Products

Vegetable products 0.541 2
Foodstuffs 0.843 4

Miscellaneous 1.097 2
Wood & wood products 1.561 29

Chemicals & allied 
industries 1.731 8

Textiles/clothing 2.112 4
Transportation 2.925 1

• Transportation product is vehicle parts – i.e. fibrous panels for car doors, etc.
• Textile products are things like wadding, felt, non-woven textiles and technical 

use textiles (filters, machine clothing, conveyor belts, etc.)
• Miscellaneous products are seats (for cars, perhaps) and other furniture
• Wood & wood products include paper and wood pulp (generally the paper 

industry)



Where to from here?

• By using economic complexity we have identified frontier 
products – i.e. products that could encourage growth and 
L/R development.

• We have identified which of these are fibrous products.
– We can identify to develop the South African economy, while 

also developing our fibrous economy

• Fine in theory – but are there any practical constraints 
(e.g. trade barriers, lack of capital/knowledge) that could 
make certain products more practical than others?
– This is where we approach experts and industry leaders for 

their opinions – get a holistic picture of the practicalities 
involved. 34



Where to from here?

• Currently we are busy conducting the interview 
stage of our research. Some of the constraints that 
have been raised already:
– Economies of scale 
– Legal constraints (permits)
– Capital investments
– Lack of expertise and/or skills

• This stage of the research aims to narrow the set of 
frontier products by focussing on what real players 
in the market feel they can engage with.

• This point feeds into much of what will be focussed 
on for the remainder of the day.
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Presentation Notes
Economies of scale – mentioned with regards to textiles. China has factories that can put out in one day what SA could do in a month because their factories are just that much larger.
Capital investments – machinery that is needed can cost a lot of money (R50 000 +) and because many fibrous plant producers are small firms this can impact heavily on whether they are actually able to invest in new machinery to allow expansion.
Expertise – not necessarily a lack of skills in the workers (many firms may be willing to do some on-the-job training, and will only need matric from their workers), but the technical know-how of how to process a plant, how to operate a machine, and the know-how to provide the on-the-job training is lacking.



Thank You
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