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In economic researches, much effort was devoted to the problem of how to increase the economics of countries. However, the
development of a country may fluctuate a lot due to international and domestic problems. Thus, we should also evaluate the
robustness of countries against unexpected economic recessions. In this paper, we use perturbation to quantify the robustness
of countries using two renowned algorithms: method of reflections (MR) and fitness-complexity method (FCM). The robustness
characterizes the stability of countries’ competitiveness against economic recessions. The experiments in the international trade
networks show that FCM could characterize the robustness better than MR. High fitness countries of FCM have strong robustness
against economic crises, which enlarges the application fields of FCM. Additionally, we simulate the trade conflict between USA
and China. The simulation results show that China suffers much in the trade conflict, while USA loses very little and has strong
robustness in this conflict.

1. Introduction
In network science, the development of a country is assessed
by the amount of its imported and exported products. Recent
works developed methods to unveil the underlying factors
that drive the economic growth of countries based solely on
the international trade network [1–4]. As nowadays the economic relationship between countries is strong, an economic
depression that starts from one country may largely influence
other countries, which may lead to economic crisis and recessions in the whole world. Thus, apart from the assessment
of the economic growth of countries, an important feature
of countries to consider is their robustness against various
economic recessions. However, a new problem arises: would
the increase of robustness lead to a decrease of economic
growth? Studies show that developed countries should focus
on some high-tech and profitable products [3, 5], since
the high-tech products help maintain and improve their
competitiveness. However, unexpected tariff protectionism
and natural disasters may deeply influence the exports of
some targeted products [6, 7]. Then, in order to protect
against this, a country should diversify its production [1,

8]. This is against the classical specialization theory [3, 5].
Consequently, the relationship between robustness and the
competitiveness of countries should be investigated.
Measuring the competitiveness of countries usually
requires the detailed industrial data [9, 10]. However, in
recent years, network-based methods provide a simplification of this [8, 11]. In network-based methods, the only
required information is the amount of exports for each
country-product pair. If a country is competitive enough in
the export of a product, a link is created in the network
between the country and the product. The resulting network
is the country-product bipartite network. There are two
main network-based methods to investigate the countries
performance: (1) the method of reflections (MR), which
uses a linear iterative process to compute the scores of
countries and products; this method share similarities with
the famous algorithm PageRank [12–14]; (2) the fitnesscomplexity method (FCM), which uses a nonlinear iterative method to compute the fitness of countries and the
complexity of products [1]. MR was shown to outperform
previous indices based on governance, education, and other
economic competitiveness factors [15, 16]. However, MR
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fails in precisely evaluating the competitiveness of some
special countries, such as India and China [17, 18]. The
fitness-complexity method is based on the fact that only
competitive countries can produce high-quality products,
while less competitive countries can only produce low-quality
products. If a product is only produced by competitive
countries, it is a high-quality product; otherwise it is a lowcomplexity product. FCM outperforms MR both in accuracy
and efficiency [8, 19]. The previous works mainly focused on
how to accurately evaluate and predict the economic growth
of countries. In this work, we use both methods to study how
a country is influenced by the international and domestic
economic recessions.
Based on state of the art MR and FCM methods, our paper
explores the robustness of countries’ competitiveness. Using
the matrix perturbation theory, we propose a convenient
analytical method to test the stability of the competitiveness
of countries and complexity of products. Then the proposed
method is applied to the international trade networks, and
we show that FCM can not only evaluate the fitness of
countries, but also precisely characterize the robustness of
their competitiveness. On the other hand, the MR scores
fail to assess the robustness of countries’ competitiveness
compared to FCM. According to the results, only a very
small number of countries possess strong robustness against
economic recessions. In order to increase its robustness, a
country should improve its fitness, which is also equivalent to
diversifying its products according to refs. [1, 3, 8]. Moreover,
we also use our method to simulate the trade conflict between
USA and China and predict that the trade conflict sharply
decreases the fitness of China, whereas it seldom influences
USA, revealing strong robustness of USA.
The paper is organized as follows. In Section 2, we briefly
describe the method of reflection and the fitness-complexity
method, and then we introduce our way to use perturbation
method. In Section 3, we apply the proposed method to the
international trade networks. Finally, the conclusion is given.

2. Materials and Methods
In the section, we first describe the country-product networks
in Section 2.1 and then introduce the classical method of
reflections and fitness-complexity method in Section 2.2.
Finally we describe our method to test the robustness of
countries’ competitiveness in Section 2.3.
2.1. Dataset Description of the Country-Product Networks.
The dataset we use ranges from 1962 to 2014 [2, 20–23]. We
use a network representation, in which one kind of nodes
is countries and the other kind is products. Edges can only
connect country and a product, meaning that the network
is bipartite. The products are indeed not considered individually: each exported product was assigned to a predefined
category. The dataset has 263 countries (or zones) and 988
product categories. Besides, we neglect a very small fraction
of categories that are ambiguous (aggregate categories). Note
that in the rest of the work we use the word product for
category of product.

Complexity
For each country-product pair, we know the total export
in US$ of products of a country. In practice, a country may
produce more or less of a product. In order to characterize
whether a country is a competitive exporter of a product or
not, we use the “Revealed Comparative Advantage” (RCA) to
renormalize the weight of the country-product relations and
only edges with weight greater than 1 are kept. The RCA is
defined as
𝑅𝐶𝐴 𝑖𝛼 =

𝑒𝑖𝛼 / ∑𝑗 𝑒𝑗𝛼
∑𝛽 𝑒𝑖𝛽 / ∑𝑗𝛽 𝑒𝑗𝛽

,

(1)

where 𝑒𝑖𝛼 is the export in US$ of country 𝑖 for product 𝛼.
After processing the data, we obtain the weighted matrix of
the country-product network, denoted by 𝑀 = (𝑀𝑖𝑗 )𝑁𝑐 ×𝑁𝑝 ,
where 𝑁𝑐 and 𝑁𝑝 represent the number of countries and
products, respectively, and 𝑀𝑖𝛼 = 𝑅𝐶𝐴 𝑖𝛼 . 𝑅𝐶𝐴 𝑖𝛼 determines
the relative importance of an export for a country and
compares it with its relative importance for other countries.
In network, we defined the number of products exported by
country 𝑖 as its degree 𝑑𝑖 , and the number of times a product
𝛼 is exported as 𝑑𝛼 . Note that in general only the adjacency
matrix of the network is considered, but for perturbation
theory it is indeed more suitable to use the weighted matrix.
2.2. Methods of Reflections (MR) and Fitness-Complexity
(FCM). Method of reflections is a classical economic complexity index by Hidalgo and Hausmann [3, 24]. This method
defines a score or each country {𝑑(𝑛)
𝑖 } and a score for each
product {𝑢(𝑛)
}
in
an
iterative
way,
𝛼
𝑑(𝑛)
𝑖 =

1
∑𝑀 𝑢(𝑛−1) ,
𝑑𝑖 𝛼 𝑖𝛼 𝛼

𝑢(𝑛)
𝛼 =

1
∑𝑀 𝑑(𝑛−1) ,
𝑢𝛼 𝑖 𝑖𝛼 𝑖

(2)

where 𝑑𝑖 and 𝑢𝛼 are the country degree and product degree,
respectively. According to (2), with the increase of iterations,
(𝑛)
{𝑑(𝑛)
𝑖 } and {𝑢𝛼 } will asymptotically converge to a trivial fixed
(0)
point for arbitrary initial {𝑑(0)
𝑖 } and {𝑢𝛼 } [25, 26]. However,
this problem is solved by defining the final country score as
̃𝑐 = (𝑑𝑐 −⟨𝑑𝑐 ⟩)/𝜎 𝑐 , where ⟨𝑑𝑐 ⟩ and 𝜎 𝑐 represent the average
𝑑
𝑑𝑖
𝑑𝑖
𝑖
𝑖
𝑖
𝑖
and the standard deviation of the final score 𝑑𝑐𝑖 . When 𝑛 →
+∞, the fixed point solution is equivalent to an approach
using the eigenvectors of the matrix 𝑀 [26]. In practice, we
use 𝑛 = 2, as different iterations have different interpretation.
(0)
(0)
The initial conditions for {𝑑(0)
𝑖 } and {𝑢𝛼 } are set as {𝑑𝑖 } = 𝑑𝑖
(0)
and {𝑢𝛼 } = 𝑢𝛼 . The results of (2) agree with the assumption
that complex products (or high-quality products) have high
scores and tend to be produced by developed countries,
while developing countries only produce some low-quality
products. This can be used to evaluate the competitiveness
and the economic growth of a country. The index of (2)
outperforms the degree-based index [8].
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Fitness-complexity method defines the country fitness
{𝐹𝑖 } and product complexity {𝑄𝛼 } as the stationary point of
the following nonlinear recursive process [1]:
𝐹̃𝑖(𝑛) = ∑𝑀𝑖𝛼 𝑄(𝑛−1)
,
𝛼
𝛼

̃(𝑛) =
𝑄
𝛼

1
∑𝑖 𝑀𝑖𝛼 (1/𝐹𝑖(𝑛−1) )

.

(3)

The scores are normalized after each step:
𝐹𝑖(𝑛) =
𝑄(𝑛)
𝛼

𝐹̃𝑖(𝑛)
,
⟨𝐹̃(𝑛) ⟩
𝑖

̃(𝑛)
𝑄
𝛼
=
,
̃(𝑛)
⟨𝑄
𝛼 ⟩

(4)

a perturbation method to compute 𝑑𝑖 (𝜀) and 𝑢𝛼 (𝜀), as well
as the FCM scores. If you are not interested in the complex
derivation procedure, please skip the following part, which
does not influence the global comprehension of the paper.
We use Taylor’s formalism [33, 34] to represent the
perturbed quantities 𝑑𝑖 (𝜀) and 𝑢𝛼 (𝜀); i.e., 𝑑𝑖 (𝜀) = 𝑑𝑖 +
+∞ (𝑘) 𝑘
(𝑘) 𝑘
∑+∞
𝑘=1 𝑔𝑖 𝜀 and 𝑢𝛼 (𝜀) = 𝑢𝛼 + ∑𝑘=1 ℎ𝛼 𝜀 . When 𝜀 = 0, 𝑑𝑖 (𝜀)
and 𝑢𝛼 (𝜀) reduce to 𝑑𝑖 and 𝑢𝛼 . Moreover, the degree 𝑑𝑖 and
𝑢𝛼 change to 𝑑𝑖 (𝜀) = 𝑑𝑖 + 𝜀𝑑𝐵,𝑖 and 𝑢𝛼 (𝜀) = 𝑢𝛼 + 𝜀𝑢𝐵,𝛼 , where
𝑑𝐵,𝑖 = ∑𝛼 𝐵𝑖𝛼 and 𝑢𝐵,𝛼 = ∑𝑖 𝐵𝑖𝛼 .
According to the perturbation theory [34, 35], by substituting the Taylor’s formalism of each variable into (2)
and keeping only the first order of 𝜀, we obtain Taylor’s
decomposition of (2),
𝑔𝑖(1) 𝜀 = −

𝐹𝑖(0)

where ⟨. . .⟩ is the average operation. The initial values of
and 𝑄(0)
𝛼 do not influence the final stationary state except
some particular singular points. Without loss of generality,
the initial condition are set as 𝐹𝑖(0) = 1 and 𝑄(0)
𝛼 = 1. When
we apply (3) to the country-product bipartite networks,
developed countries and high-quality products are inclined
to have high fitness, while developing countries and lowquality products tend to have small complexity. Therefore,
FCM can evaluate the competitiveness of countries and
the complexity of products [1, 25] and predict the future
economic development [19, 27]. This method has been successfully applied to other fields, such as ecological networks
[28] and scientific competitiveness of nations [29].
Note that we use both MR and FCM to describe the
“Economic Complexity Index” of countries or “Product
Complexity Index” of products in the paper. In the following,
we define the competitiveness as the “Economic Complexity
Index” of both MR and FCM method. For MR method, the
competitiveness is represented by 𝑑𝑖 in (2), while, for FCM
method, the competitiveness is represented by the fitness 𝐹𝑖(𝑛)
in (4).
2.3. Robustness of the Countries’ Competitiveness. In order to
stimulate the economy, countries design various tariffs and
other policies to promote or reduce the exports/imports of
certain products. In theory, it would be possible to infer these
changes based on an analysis of the matrix 𝑀. However,
analyzing the detailed reason of the fluctuation of 𝑀 is
prohibitive in practice. In the work, we investigate how the
competitiveness of countries changes with perturbations of
matrix 𝑀. Smaller fluctuations of the metrics mean higher
robustness. This can reflect how resilient a country is to a
change of policy. For the precise relationship between the
exports and policies, please refer to [30–32].
In order to study the perturbation, we introduce a
small number 𝜀 and a perturbation matrix 𝐵. The resulting
perturbed matrix is 𝑀(𝜀) = 𝑀 + 𝜀𝐵, Δ𝑀 = 𝜀𝐵. After
the perturbation, the stationary points of (2) become 𝑑𝑖 (𝜀)
and 𝑢𝛼 (𝜀). A straightforward approach to obtain 𝑑𝑖 (𝜀) and
𝑢𝛼 (𝜀) is recalculating (2) based on 𝑀(𝜀). Here, we introduce

ℎ(1)
𝛼 𝜀

=−

𝜀𝑑𝐵,𝑖
2
𝑑𝑖

∑𝑀𝑖𝛼 𝑢𝛼 +
𝛼

𝜀𝑢𝐵,𝛼
𝑢2𝛼

𝜀
∑ (𝐵𝑖𝛼 𝑢𝛼 + 𝑀𝑖𝛼 ℎ(1)
𝛼 ),
𝑑𝑖 𝛼

𝜀
∑𝑀𝑖𝛼 𝑑𝛼 + ∑ (𝐵𝑖𝛼 𝑑𝑖 + 𝑀𝑖𝛼 𝑔𝑖(1) ) .
𝑢
𝛼 𝑖
𝑖

(5)

= [𝑔𝑖(1) ]𝑁𝑐 ×1 , h(1)
= [ℎ(1)
We denote g(1)
𝛼 ]𝑁𝑝 ×1 ,
C1 (𝐵) = [𝑐𝑖 (𝐵)]𝑁𝑐 ×1 ,C2 (𝐵) = [𝑐𝛼 (𝐵)]𝑁𝑝 ×1 , where
2

𝑐𝑖 (𝐵) = −(𝑑𝐵,𝑖 /𝑑𝑖 ) ∑𝛼 𝑀𝑖𝛼 𝑢𝛼 + (1/𝑑𝑖 ) ∑𝛼 𝐵𝑖𝛼 𝑢𝛼 and 𝑐𝛼 (𝐵) =
−(𝑢𝐵,𝛼 /𝑢2𝛼 ) ∑𝑖 𝑀𝑖𝛼 𝑑𝛼 + (1/𝑢𝛼 ) ∑𝑖 𝐵𝑖𝛼 𝑑𝑖 .
Equation (5) can be written in matrix formalism as
0, 𝐷−1
C1 (𝐵)
g(1)
g(1)
1 𝑀
] + [ −1 𝑇 ] [ (1) ] ,
[ (1) ] = [
C2 (𝐵)
𝐷2 𝑀 , 0 h
h
where 𝐷1
=
diag{𝑑1 , 𝑑2 , . . . , 𝑑𝑁𝑐 } and 𝐷2
(1)
diag{𝑢1 , 𝑢2 , . . . , 𝑢𝑁𝑐 }. g and h(1) could be solved as
0, 𝐷−1
1 𝑀

g(1)

(6)
=

−1

C1 (𝐵)
].
[ (1) ] = (𝐼 − [ −1 𝑇 ]) [
C2 (𝐵)
𝐷2 𝑀 , 0
h

(7)

Equation (7) is used to compute the influence of the perturbation Δ𝑀 on the MR. Next we analyze the influence of Δ𝑀 =
𝜀𝐵 on FCM. Supposing that 𝐹𝑖 (𝜀) and 𝑄𝛼 (𝜀) are the stable
point of the matrix 𝑀 = 𝑀 + Δ𝑀 and could be represented
(𝑘) 𝑘
by Taylor’s formalism; i.e., 𝐹𝑖 (𝜀) = 𝐹𝑖 + ∑+∞
𝑘=1 𝑓𝑖 𝜀 and
+∞ (𝑘) 𝑘
𝑄𝛼 (𝜀) = 𝑄𝛼 +∑𝑘=1 𝑞𝛼 𝜀 . Following the procedure introduced
above, we substitute Taylor’s formalism of each variable into
(3) and (4) and keep only the first order of 𝜀,
𝑓𝑖(1) 𝜀 = 𝑐1 ∑ (𝑀𝑖𝛼 𝑞(1)
𝛼 + 𝐵𝑖𝛼 𝑄𝛼 ) 𝜀 + 𝑐2 𝜀,
𝛼

𝑞(1)
𝛼 𝜀

=

1

𝑐3 ∑ (−𝑀𝑖𝛼 2 𝑓𝑖(1)
𝐹𝑖
𝑖

1
+ 𝐵𝑖𝛼 ) 𝜀 + 𝑐4 𝜀,
𝐹𝑖

(8)

̃2 /⟨𝑄
̃𝑖 ⟩.
where 𝑐1
=
1/⟨𝐹̃𝑖 ⟩ and 𝑐3
=
−𝑄
𝑖
2
(1)
̃
̃
𝑐2 = −(𝐹𝑖 /⟨𝐹𝑖 ⟩ )⟨∑𝛼 (𝑀𝑖𝛼 𝑞𝛼 + 𝐵𝑖𝛼 𝑄𝛼 )⟩ and 𝑐4 =
̃𝑖 ⟩2 )⟨∑𝑖 [(−𝑀𝑖𝛼 (1/𝐹2 )𝑓(1) + 𝐵𝑖𝛼 (1/𝐹𝑖 ))𝑄
̃2 ]⟩ are
̃𝑖 /⟨𝑄
(𝑄
𝑖
𝑖
𝑖
two parameters relevant to 𝑖 and 𝛼, respectively, which
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Figure 1: (Color online) The decrease of the counties and products scores induced by individually reducing the exports of countries by 5%
for FCM and MR, as a function of the countries as rank in their respective method. (a) Change of the fitness scores (in FCM) of countries. (b)
Change of the countries scores (in MR). (c) Change of the complexity (FCM) of products. (d) Change of the products scores (MR). Note that
in the dataset, we have 263 countries (or zones) and 988 product categories. However, in the four panels, we only show the snapshot results
of some competitive countries and complex product because the influence of other countries and products is much small.

guarantee the normalization of 𝐹𝑖 (𝜀) and 𝑄𝛼 (𝜀). Though 𝑐2
(1)
and 𝑐4 are function of 𝑞(1)
𝛼 and 𝑓𝑖 , we treat them as constants
since they have average operations of the two variables when
(1)
(1)
calculating 𝑞(1)
= (𝑓𝑖(1) )𝑁𝑐 ×1 and
𝛼 and 𝑓𝑖 . Denote f
(1)
(1)
q = (𝑞𝛼 )𝑁𝑝 ×1 . Similar to (7), the perturbation of FCM is
[

f (1)
(1)

q

] = (𝐼 − [

−1

0, 𝑐1 𝑀
𝑇

−𝑐3 𝑀 𝐷3 , 0
2

2

]) [

C3 (𝐵)
C4 (𝐵)

].

(9)

2

where 𝐷3 = diag{1/𝐹1 , . . . , 1/𝐹𝑖 , . . . , 1/𝐹𝑁𝑐 }, C3 (𝐵) =
(𝑐1 ∑𝛼 𝐵𝑖𝛼 𝑄𝛼 + 𝑐2 )𝑁𝑐 ×1 , and C4 (𝐵) = (𝑐3 ∑𝑖 𝐵𝑖𝛼 (1/𝐹𝑖 ) +
𝑐4 )𝑁𝑝 ×1 . Note that 𝑐2 and 𝑐4 seldom influence the analysis
of f (1) and q(1) , since the eigenvector corresponding to the
0,𝑐 𝑀
largest eigenvalue of matrix (𝐼 − [ −𝑐 𝑀1𝑇 𝐷 ,0 ] )−1 actually
3
3
represents the stationary point of the FCM. When analyzing
the perturbation of the stationary point of FCM, we can
ignore 𝑐2 and 𝑐4 for convenience.
f (1) and q(1) represent the fluctuation induced by a small
perturbation in FCM. In the experiments, based on the
proposed method, we will show how the competitiveness (𝑑𝑖
and 𝐹𝑖(𝑛) ) of a country changes with different perturbations.
Note that without (7) and (9), we can still obtain the results
by recalculating (2) and (3) every time when 𝑀 changes.

3. Results
The exports of countries are influenced by a wide range of
factors, and obtaining the precise influence of each factor is
prohibitive. Instead, we perturb the country-product matrix
𝑀 following two different scenarios: (1) National recession: a country suffers from natural disasters (e.g., volcanic
eruptions, tsunamis), unexpected crisis, or inner industrial
problems. All its product exports are reduced by a fixed
quantity. (2) Product reduction: the exports of a certain
product are reduced for all exporting countries. For example,
adverse weather happens, or the products (e.g., mobile phone,
clothes) may be out of fashion and people change their tastes,
which leads to the export decrease of a certain product. At
last, we utilize the method to simulate the trade conflict
between USA and China.
We first consider the case of national recession. Suppose
that country 𝑖 is the targeted country and that the export
of its products is reduced by 5%. Then the elements of Δ𝑀
are Δ𝑀𝑘𝑗 = −𝑀𝑘𝑗 × 5%(𝑘 = 𝑖) and Δ𝑀𝑘𝑗 = 0 otherwise.
The other changes (e.g., 1%, 4%) of the edge weights do not
influence the analysis. By substituting 𝐵 = Δ𝑀 and 𝜀 = 1
into (7) and (9), we obtain the changes of competitiveness of
the country and the country’s influence on other countries.
Figure 1 shows the influence of the national recession case as a
function of FCM and MR scores. In Figure 1(a), the decrease
of fitness mainly occurs on the diagonal elements, implying
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Figure 2: (Color online) The decrease of countries’ fitness as a function of their rank for FCM. (a) Absolute decrease of countries’ fitness. (b)
Relative decrease of countries’ fitness.
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Figure 3: (Color online) The decrease of the counties and products scores induced by individually reducing the exports of products by 5%
for FCM and MR, as a function of the countries and products rank in their respective method. (a) Change of the fitness scores (in FCM) of
countries. (b) Change of the countries scores (in MR). (c) Change of the complexity (FCM) of products. (d) Change of the products scores
(MR).

that the targeted countries influence other countries a little.
Note that high fitness countries are well linked together
and influence each other more that low fitness countries,
whereas low high fitness countries seldom influence the
other countries. Consequently, FCM index could be used to
evaluate the robustness of countries; higher fitness means
stronger robustness and is better. In Figure 1(b), the influence
ordered by MR is chaotic, and, thus, the MR index cannot
characterize the country robustness. Further, Figure 1(c)
shows the influence of country recession on product complexity, where competitive countries exert big influence on
the complexity of products, which is in accord with reality

that the prices of various products are largely determined by
the markets of developed countries. However, in Figure 1(d),
the influence of MR is chaotic.
According to Figure 1, FCM is a perfect index to characterize the robustness of countries. Figure 2 shows the decrease
of the countries’ fitness when reducing the exports of themselves. We see that high fitness countries are sensitive to the
decrease of their exports. Moreover, in Figure 2(b), the fitness
decreases of countries have a positive correlation with their
fitness, which further illustrates the effectiveness of FCM
in characterizing the robustness of countries. Additionally,
we also investigate the robustness based on MR. Similar to
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Figure 4: (Color online) The decrease of products’ complexity as a function of their rank for FCM. (a) Absolute decrease of products’
complexity. (b) Relative decrease of products’ complexity.
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Figure 5: (Color online) The evolving paths of the fitness of USA
and China range from 1962 to 2000. The fitness of the two countries
is calculated every year.

Figures 2(a) and 2(b), the average decrease of country score
is about 4.9%.
Following the same method, we also analyze the influence
of reduced products in Figure 3. Suppose that the targeted
product reduces 5% weight of its connected edges, which
means that all countries reduce 5% exports of the particular
product. In Figure 3, FCM outperforms MR in characterizing
the relationship between product score and the robustness,
since the change of products’ complexity mainly occurs
on the diagonal elements. Note that decreasing the export
volume of a certain product would increase its complexity,
which agrees with the phenomenon “thing with rare be
expensive”. In order to better understand the complexity
fluctuation, Figure 4 shows the decrease of the complexity
as a function of the product perturbation. We see that the
reduced exports of some high-quality products lead to a sharp
increase of their complexity, while the complexity of lowquality products fluctuate a little (see Figure 4(a)). However,
the relative fluctuations of high-quality products are very
small in Figure 4(b), revealing that high-quality products
have stronger robustness against the reduction of themselves
than low-quality products. Note that the results of Figure 4
are in contrast with Figure 2. The recession of countries

(products) will reduce (increase) their scores more than any
other countries (products).
Next, we investigate which countries and which products
have high scores and how the connection is between high
fitness countries and high-quality products. Since MR cannot
describe the robustness of the countries’ competitiveness,
we focus on the FCM case. In Table 1, we can see that the
developed countries, such as USA, UK, and Germany, export
not only high-quality products, but also some low-quality
products including fish and accessories. China also exports
some high-quality products and ranks high in fitness. The
reason is that China exports some consumer electronics,
such as electric cookers and washing machines, which are
categorized into the same classes. Note that though Russia
is considered as a developed country, its exports are mainly
low-quality products and should be a developing country
based on FCM. Moreover, we also show the export countries
of products with different qualities in Table 2. In Table 2,
competitive countries export products of diverse qualities,
while less competitive countries only export low-quality
products. Note that the robustness is positively correlated
with the fitness in Figure 2. Though some developed countries
have small product diversity, they have strong robustness
against different economic failures.
At last, based on the robust theory of the paper, we
simulate the current trade conflict between USA and China.
Recently, the president Donald Trump of USA imposes high
tariff on Chinese exports to force China renegotiating its
trade balance with USA, while China opposes the policy and
proposes the tit-for-tat tariff on American products. How to
quantify the win and loss of the two countries is an open
problem. Here, we simulate the fitness dynamics of the two
countries. We first show the evolving paths of the fitness
of USA and China range from 1962 to 2014, respectively,
in Figure 5. In Figure 5, the fitness of China grows slowly,
meaning the economic increase of China, whereas USA
has large fluctuation between 1979 and 1986. This can be
explained by several factors (e.g., political problems, cold war
between the Soviet Union and USA) influencing the trades.
According to the public news, USA imposes high tariff
on Chinese high-tech products that include aircraft, iron, and
medical instruments [36]. China plans to improve the tariff
on products such as soya beans or cars [37]. Until now, we
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Table 1: The main export products of some high fitness countries. The first column is the descending order of the countries by the fitness
of countries in FCM. In the table, only the top-10 influential export products are listed here, where the products are ranked according to the
product scores by FCM.
Fitness
Ranking

Country

1

USA

2

UK

3

Germany

9

Italy

7

China

10

Russia

Top-10 influential export products
(1) Fuel oils. (2) Construction and mining machinery. (3) Non-ferrous base metal
waste and scrap. (4) Gasoline and other light oils. (5) Machinery for specialized
industries. (6) Parts and accessories of some special instruments. (7) Special
transactions and commodities. (8) Crude petroleum and oils from bituminous
materials. (9) Petroleum bitumen, petroleum coke and bituminous mixtures. (10)
Petroleum gases and other gaseous hydrocarbons.
(1) Crustaceans and molluscs, fresh, chilled, frozen, salted, etc. (2) Non-ferrous
base metal waste and scrap. (3) Petroleum bitumen, petroleum coke and
bituminous mixtures. (4) Fish, dried, salted or in brine. (5) Crustaceans and
molluscs, prepared or unprepared. (6) Coffee green, roasted. (7) Sheep and lamb
skin without the wool. (8) Building and monumental (dimension) stone. (9) Fuel
oils. (10) Petroleum gases and other gaseous hydrocarbons.
(1) Crude petroleum and oils from bituminous materials. (2) Parts and accessories
of some special instruments. (3) Surveying, navigational, compasses, etc,
instruments. (4) Crustaceans and molluscs, fresh, chilled, frozen, salted, etc. (5)
Coffee green, roasted. (6) Non-ferrous metal waste and scrap. (7) Fuel oils. (8)
Petroleum gases and other gaseous hydrocarbons. (9) Fuel oils. (10) Diamonds
(non-industrial).
(1) Castor oil seeds. (2) True hemp, raw or processed but not spun. (3) Coal gas,
water gas and similar gases. (4) Potassium salts, natural, crude. (5) Iron pyrites,
unroasted. (6) Roasted iron pyrites. (7) Ores and concentrates of uranium and
thorium. (8) Vegetable textile fibres and waste. (9) Rye, unmilled. (10) Mate.
(1) Non-ferrous base metal waste and scrap. (2) Crude petroleum and oils from
bituminous materials. (3) Fuel oils. (4) Construction and mining machinery. (5)
Parts of some special machinery and equipment. (6) Machinery for specialized
industries. (7) Passenger motor vehicles. (8) Trailers and transports containers. (9)
Surveying, navigational, compasses, etc, instruments. (10) Special transactions and
commodities.
(1) Coffee green, roasted. (2) Petroleum gases. (3) Building and monumental
(dimension) stone. (4) Crude petroleum and oils from bituminous materials. (5)
Fish, frozen, excluding fillets. (6) Fish fillets, frozen. (7) Fish, dried, salted or in
brine. (8) Crustaceans and molluscs. (9) Non-ferrous metal waste and scrap. (10)
Fuel oils.

cannot obtain the data to compute the volumes of the reduced
exports induced by the trade conflict. However, we can
simulate the influence based on historical dataset. Figure 6
shows the increases of different products for USA and China
covering from the year 1962 to 2014. The original dataset
only gives the product categories, not the export details
of each product. In the simulation, we treat all categories
that contain the key words, such as “iron” and “medical”,
as the corresponding products. In Figure 6, most of the
exports increase on the whole except the soya beans. Due
to enormous inner demands and restricted natural resource,
China reduces its export of soya beans from 1989. Integrating
Figures 5 and 6, we find that the exports of the two countries
increase on the whole.
Next, we artificially introduce some perturbation into the
exports of the two countries. Following the tariff policies of
the two countries, we suppose that the soya bean export of
USA reduces 5% and the iron export of China reduces 5%
for every year between 1975 and 2014. Here, we do not start
from the year 1962, because that USA and China established

diplomatic relations in the year 1972. Before 1972, China did
not integrate into the global economics completely and the
two countries had little trade connection. Thus, we start the
simulation from 1975 to avoid noisy fluctuations. According
to our proposed method (9), we obtain the fluctuation of the
fitness of the two countries in Figure 7. If we reduce 5% of the
American soya beans and of the Chinese Iron steels, China
will suffer more decrease of the fitness in Figure 7(a).
Next, we simulate another case. The aim of American
policy is to reduce the growth of China, especially high-tech
products. If USA does not start the conflict, supposing that
the high-tech aircraft of China increases by 5%, Figure 7(b)
shows the increase of the fitness of the two countries. We find
that the export increase of aircraft would improve the fitness
of China much, whereas the fitness of USA would decrease
only a little. Besides, we also simulate the perturbation of
other high-tech products, such as industrial equipment and
medical instruments, and the results are similar with Figure 7.
Thus, we can predict that the trade conflict between the
two countries would hurt China severely. However, USA
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Table 2: The main export countries of some products. The first column is the descending order of the products by the score 𝑄𝑖 of FCM. In
the table, the countries are ranked according to the country scores of FCM.
Product
Ranking

Product

Top-10 influential export countries

1

Wood-based panels

2

Castor oil seeds

3

Coal gas, water gas and similar gases

4

Copra

5

Manila hemp, raw or processed but not spun

766

Parts of and accessories for apparatus
electrical instruments

767

Non-ferrous base metal waste and scrap

768

Machinery for specialized industries

769

Special transactions and commodities

770

Postal packages not classified into other
classes

x1010

8

1.0

6

Volume ($)

Volume ($)

(1) China. (2) USA. (3) Spain. (4) France. (5) India. (6) UK. (7)
Venezuela. (8) Brazil. (9) Canada. (10) Germany.
(1) China. (2) USA. (3) Spain. (4) France. (5) India. (6) UK. (7)
Venezuela. (8) Brazil. (9) Canada. (10) Germany.
(1) USA. (2) Oman. (3) UK. (4) Brazil. (5) China. (6) Ecuador.
(7) Dominican Rp. (8) Algeria. (9) France. (10)Germany.
(1) China. (2) France. (3) Morocco. (4) Tunisia. (5) USA. (6)
Iran. (7) Italy. (8) Kazakhstan. (9) Pakistan. (10)Venezuela.
(1) China. (2) Canada. (3) Germany. (4) Belgium-Lux. (5)
France. (6) Netherlands. (7) USA. (8) Austria. (9) Spain.
(10)Australia.
(1) USA. (2) UK. (3) France. (4) Germany. (5) Spain. (6)
Belgium-Lux. (7) Netherlands. (8) China. (9) Italy. (10)Brazil.
(1) China. (2) France. (3) USA. (4) Brazil. (5) Australia. (6)
Austria. (7) Belgium-Lux. (8) Germany. (9) India. (10)Morocco.
(1) China. (2) France. (3) USA. (4) Brazil. (5) Australia. (6)
Austria. (7) Belgium-Lux. (8) Germany. (9) India. (10)Morocco.
(1) China. (2) France. (3) USA. (4) Brazil. (5) Australia. (6)
Austria. (7) Belgium-Lux. (8) Germany. (9) India. (10)Morocco.
(1) Algeria. (2) Angola. (3) Argentina. (4) Australia. (5) Austria.
(6) Belgium-Lux. (7) Brazil. (8) Bulgaria. (9) Canada. (10)Chile.
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Figure 6: (Color online) The increase of different product exports (in US dollars) for USA and China from 1962 to 2000. (a) Aircraft. (b)
Soya beans. (c) Iron steels. (d) Medical instruments.
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Figure 7: (Color online) Fluctuation of the fitness scores of USA and China. (a) The decrease of the fitness of USA and China by reducing 5%
of the American soya beans and of the Chinese Iron steels. (b) The increase of the fitness by increasing 5% of the export of Chinese aircraft.
Note that we do not simulate the performance before the year 1975, because that USA and China established diplomatic relations in the year
1972. After 1972, China built diplomatic relations with many western countries and started to integrate into the global economics. Thus, we
start the experiments from 1975 to avoid noisy fluctuations.

benefits only a little from the conflict. Note that, in the
analysis, we do not consider the decrease of the American
exports induced by the increase of the Chinese corresponding
exports. China may take away some market shares of some
high-tech products, which is beyond the scope of the paper.

4. Conclusion
In summary, we propose an analytical approach to calculate
the robustness of the MR and FCM. The robustness of both
methods is tested using perturbation theory. This analysis
shows that the FCM is more resilient to perturbation, as the
propagation between countries is less important than in MR.
Moreover, we use our method to simulate the trade conflict
between USA and China using FCM. The simulation results
show that China will lose much competitiveness, whereas
USA will get a small benefit from the conflict. Therefore, our
work could supply additional information that organizations
could benefit by taking the competitiveness robustness of
countries into accounts. Since the robustness analysis is based
on the artificial simulation, the inner relationships between
countries (products) are not considered in the analysis.
Consequently, the fluctuation of real economics may be
different from the results in the paper. Detailed perturbation
of real economic data could be integrated into the method to
enhance the accuracy in the future.
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