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1. Introduction 

Sustainability is one of the fundamental concepts in economic growth and development theory 

referring to the properties of (a) the growth and development process or (b) development level.
1
 

The discussion of the limit dynamics of growth processes (i.e., the study of the growth dynamics 

when time approaches infinity) is an essential part of most growth theories, e.g., neoclassical and 

endogenous growth theories, where the question whether the economy grows in the limit (as in 

the case of a balanced growth path) or stagnates (as in the case of a steady state) is essential. In 

this context, the concept of sustainable growth (which refers to sustained growth of per-capita 

income) arises as a specific variant of the sustainable development definition. In development 

theory, the question whether a certain development, technology, or institutional level that has 

been achieved by the help of exogenous forces (e.g., development aid, technical consulting, 

government, or FDI) can be sustained (when the exogenous forces vanish as in the case of, e.g., 

liberalization and privatization) is of major interest. These rather theoretical topics are mirrored 

by popular and applied questions of growth and development theory, e.g., secular stagnation, 

middle-income trap, and growth slow-down in China, all of which are in some sense questions of 

sustainability of previous/historical growth episodes/experiences.
2
 

In this paper, we propose a system-theoretical model for analyzing the sustainability of growth 

and development. While many sustainability studies focus on the interactions between the 

economic system and the ecological system, the development and growth theory implies that the 

economic system interacts with many other non-economic subsystems in the long run.
3
 To 

capture this fact, we develop a two-system model where the economic system interacts with a 

non-economic system and the latter encompasses all the non-economic subsystems (e.g., 

ecological, socio-cultural, political,…) that are relevant for economic dynamics. Although the 

interactions between the economic and non-economic system are very complex in reality, they 

can be studied from an abstract conceptual and mathematical perspective, i.e., from a general 

system-theoretical perspective. By choosing this perspective, we set up a general dynamical 

                                                 
1
 For an overview of the wide array of topics/approaches covered/used by the sustainability literature, see, e.g., Bolis 

et al. (2014), Dempsey et al. (2011), De Vries and Petersen (2009), Filho et al. (2017), Goldin and Winters (1995), 

Hanley (2000), Holden et al. (2014), Hopwood et al. (2005), IMF (2017), Lélé (1991), Mebratua (1998), Mitchell 

(1996), Olsen (2007), Pezzey (1989), Pezzey (1992), Singh et al. (2009), and Voinov and Farley (2007). 
2
 See, e.g., Wagner (2017a) on the sustainability of China’s development. 

3
 See the references listed in Footnote 1 for an overview and Stijepic (2017) for literature references from growth 

and development theory dealing with the empirical evidence on the interactions between the economic system and 

the non-economic subsystems. 
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system describing the dynamics of the economic and non-economic (sub)system(s), their 

interactions, and the concept of sustainability of economic development. Then, we discuss the 

major aspects of sustainability in this framework, in particular, drivers of sustainable 

development and their direct and indirect/cross-system impacts on development indicators, 

dynamic equilibria in relation to sustainability, cross-system feedbacks, intra-system interactions, 

critique of non-interdisciplinary studies of sustainability, and design of sustainability policy. 

The importance of the study of sustainability in a multi-system framework is obvious. In 

presence of cross-system interactions, an isolated study of the economic system makes little 

sense in the context of sustainability, since long-run economic dynamics are not only determined 

in the economic system but also in the non-economic system. That is, the effects of economic 

dynamics and policies on the non-economic system and their feedbacks on the economic system 

must be studied for assessing the (long-run) sustainability of an economic growth 

strategy/process. 

The rest of the paper is organized as follows. In Section 2, we present a model describing the 

system dynamics and cross-system interactions. Section 3 is devoted to the definition of 

sustainability in this framework. In Section 4, we discuss the drivers of sustainable development. 

Section 5 considers briefly the relations between sustainability and dynamic equilibrium in the 

multi-system framework. In Section 6, we discuss the direct and indirect effects of systems on 

sustainability. Section 7 focuses on cross-system feedbacks and intra-non-economic system 

interactions. In Sections 8 and 9, we apply the previous results in a discussion of economic 

sustainability modeling and sustainability policy design. Concluding remarks are provided in 

Section 10. 

 

2. A Model of cross-system interactions 

The (meta-)model discussed in this section is based on the Stijepic (2017) model. 

While there are different mathematical notational conventions, we choose the following notation 

for reasons of simplicity: small letters (e.g., x) or small Greek letters (e.g., χ) denote scalars; bold 

small letters (e.g., x) denote vectors or vector functions; capital Greek letters (e.g., Φ) denote 

vector functions; capital letters (e.g., X) denote sets; R is the set of real numbers; and a dot 

indicates a derivative with respect to time (e.g., ẋ is the derivative of x with respect to time). 

A typical economic development model can be described as follows. Let  
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(a) d(t) ≡ (d1(t), d2(t), …, dδ(t)) ∈ D ⊆ R
δ
 denote the δ-dimensional vector of development 

indicators (e.g., income per capita, health, education, happiness, …) at time t ∈ [0, ∞), where 

D is the set of all feasible or meaningful values of the development indicators,  

(b) e(t) ≡ (e1(t), e2(t), …, eε(t)) ∈ E ⊆ R
ε
 denote the ε-dimensional vector of variables describing 

the state of the economic system at time t ∈ [0, ∞), where E is the set of all feasible or 

meaningful states of the economic system, and 

(c) p(t) ≡ (p1(t), p2(t), …, pπ(t)) ∈ P ⊆ R
π
 is a π-dimensional parameter vector at time t ∈ [0, ∞), 

where P is the parameter space. 

In particular, e and p include all the economic variables and parameters that determine the 

development indicators d as stated by (1). 

(1) d(t) = Φd
(e(t), p(t)) 

where Φd
 is a vector function of the type Φd

: E×P → D. Note that the vector e may also include 

some variables belonging to the vector d. In this case, some development indicators (e.g., 

education indicators) are relevant for determining the dynamics of other development indicators 

(e.g., per-capita income). For the discussion in our paper, this fact is not of importance, since we 

do not study causal relations (between the variables), but use the vector d to impose some 

conditions (related to sustainability) on the dynamic system e-n. 

Without loss of generality, we assume that the dynamics of the economic system e are 

determined by the following differential equation. 

(2) ė(t) = Γe
(e(t), p(t)) 

(3) e(0) = e0 ∈ E 

where Γe
 is a vector function of the type Γe

: E×P → Rε
 and e0 is the initial state of the economic 

system. While standard economic growth models assume that the parameter vector p is 

exogenous, we assume that it is determined in the non-economic system n, as stated by (4). 

(4) p(t) = Φp
(n(t)) 

where n(t) ≡ (n1(t), n2(t), …, nη(t)) ∈ N ⊆ R
η
 is the η-dimensional vector of variables describing 

the state of the non-economic system n at time t ∈ [0, ∞), N is the set of all feasible or 

meaningful states of the non-economic system, and Φp
 is a vector function of the type Φp

: N → 

P. 

(2) and (4) state that the non-economic system n has impacts on the dynamics of the economic 

system e (cf. in Section 1). Moreover, the non-economic system n has impacts on the 
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development indicators d via the parameter vector p (cf. (1) and (4)). This makes sense, since, 

e.g., the indicators (e.g., air pollution indicators) that indicate the state of the ecological system 

(which is a non-economic subsystem) can have a direct effect on development indicators (e.g., 

health indicators). 

As we will see in Section 4, it can be useful to reformulate (2) by using (4) as follows: 

(2’) ė(t) = Γe
(e(t), Φp

(n(t))) =: Φe
(e(t), n(t)) 

where Φe
 is a vector function of the type Φe

: E×N → R
ε
. 

We assume now that the economic system e has impacts on the dynamics of the non-economic 

system n, which are determined by the differential equation system (5)-(6). 

(5) ṅ(t) = Φn
(e(t), n(t)) 

(6) n(0) = n0 ∈ N 

where Φn
 is a vector function of the type Φn

: E×N → Rη
 and n0 is the initial state of the non-

economic system n. Overall, we can see that the model of this section features all the cross-

system interactions discussed in Section 1. Moreover, the dynamics of the economic and non-

economic system are determined by the autonomous differential equation system (2’) and (5). 

Thus, we implicitly assume that all the non-autonomous components of the economic system 

(i.e., the non-constant terms that are not determined in the economic system e) are determined in 

the non-economic system n and vice versa (cf. Stijepic, 2017). This reflects a rather 

comprehensive definition of the non-economic system. 

In general, we can distinguish between two types of cross-system interactions: (a) inter-system 

interactions, i.e., the interactions between the economic system e and the non-economic system 

n, and (b) intra-system interactions, i.e., the interactions within the economic system e and 

within the non-economic system n. While the model (1)-(6) defines inter-system interactions, we 

turn, now, to intra-system interactions, where we can distinguish between intra-economic system 

interactions and intra-non-economic system interactions. Since intra-economic system 

interactions are not relevant for the discussion here (they are discussed in economic growth and 

development models), we focus on the intra-non-economic system interactions. For defining 

these interactions, we partition the non-economic system n into subsystems, as stated by (7)-(8). 

(7) n(t) ≡ (n1(t), n2(t), …, nμ(t)) 

(8) ∀i ∊ {1, 2, …μ}  ni(t) ∊ Ni ⊆ 𝑅𝜂𝑖  

(9) η1 + η2 + … + ημ = η 
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where ni(t) is the ηi -dimensional vector of variables describing the state of the non-economic 

subsystem i at time t ∈ [0, ∞) and Ni is the set of all feasible or meaningful states of the non-

economic subsystem i. For example, we can set μ = 3 and name the three non-economic 

subsystems as follows: ecological subsystem n1, socio-cultural system n2, and political system n3 

(cf. Habermas, 1973, and Wagner, 2014, 2017b). 

By using (7)-(9), we can rewrite (5) as follows: 

(10) ∀i ∊ {1, 2, …μ}  ṅi(t) = Φni
(e(t), n(t)) 

where Φni
 is a vector function of the type Φni

: E×N → 𝑅𝜂𝑖. (10) states that there are intra-non-

economic system interactions since the dynamics of each of the non-economic subsystems ni are 

not only dependent on the state of the respective subsystem ni and the state of the economic 

system e but also on all the other non-economic subsystems nj, j ≠ i (cf. (7) and (10)). 

As we will see, the intra-system interactions can be neglected for the greatest part of the 

sustainability discussion in the multi-system framework. In particular, all the major definitions 

and concepts can be formulated without referring to intra-system interactions. However, intra-

system interactions can add interesting aspects to the discussion when determining the thresholds 

of non-sustainability (cf. Section 7.2). 

Now, we turn to the definition of sustainability in the context of the model (1)-(10). 

 

3 Definition of sustainability 

We distinguish between two versions of sustainability depending on whether sustainability refers 

to growth rates or levels (cf. Section 1). In the context of the model presented in Section 2, 

sustainability referring to growth rates (over the period T ⊆ [0, ∞)) can be defined as follows: 

(11a) ∀t ∊ T  ḋ(t)/d(t) > γ*
 ≡ (γ1

*
, γ2

*
, …, γδ

*
) ∊ R

δ 

where γ*
 reflects some subjective notion of sustainable growth/development of the development 

indicators. In particular, the sustainability definition (11a) states that the development indicator 

di must grow at a minimum growth rate γi
*
 over the period T. The period T represents (among 

others) the future and the planning horizon. The strictest definition of sustainability (in our 

model) refers to T = [0, ∞). 

The alternative definition of sustainability (referring to levels) can be formulated as follows: 

(11b) ∀t ∊ T  d(t) > d
*
 ≡ (d1

*
, d2

*
, …, dδ

*
) ∊ D
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where d
*
 are the subjective minimum targets regarding the development indicators. The 

sustainability definition (11b) implies that the policy makers or the society regards the 

development as sustainable if a certain minimum development level (d
*
) is achieved and 

sustained in future or over the planning period T. 

Without loss of generality, we will refer to the following special cases of the definitions (11): 

(12a) limt→∞ ḋ(t)/d(t) > 0 

(12b) limt→∞ d(t) > d
*
 

That is, we state that the development is sustainable in the sense of dynamic sustainability if 

(12a) is satisfied. Alternatively, we state that the development is sustainable in the sense of level 

sustainability if (12b) is satisfied. 

It makes sense, to rely on (12a) instead on (11a), since 

(a) in general, sustainability means that the development indicators grow at positive rates in the 

long run (i.e., γ*
 > 0);

4
 

(b) the statements of the dynamical systems theory (which we apply in our paper) are relatively 

general; i.e., in most cases, it is not necessary to distinguish between concrete numerical 

values of (the entries of) γ*
 when applying dynamical systems theory; rather, qualitative 

statements and, in particular, the question whether γ*
 = 0 or γ*

 ≠ 0 are of importance; 

(c) (12a) is one of the strictest definitions of sustainability, since it requires that the 

sustainability criterion is satisfied (even) in the limit; 

(d) in general, a development path is not regarded as unsustainable if the sustainability criterion 

is temporarily not satisfied; rather, sustainability is a very long-run concept; in growth 

theory, the very long run is represented by limit dynamics (in most cases); and 

(e) in Sections 4 and 6, the replacement of (11a) by (12a) allows us to simplify the 

mathematical formulations significantly, while a generalization of these formulations such 

that they apply to (11a) is straight forward. 

The arguments (c) and (d) also support the replacement of (11b) by (12b). 

 

4. Drivers of sustainable development 

The sustainability definition (12) refers to the limit (dynamics) of the model (1)-(10). In 

particular, the sustainability criterion (12a) requires that the development indicators d grow in 

                                                 
4
 Yet, there are some exceptions from this rule, as implied by the example discussed in Section 7.2. 
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the limit. In the model (1)-(10), dynamics are generated only by the two differential equations 

(2’) and (5). Without these equations the model would be static, i.e., (2’) and (5) are the only 

growth drivers in our model. In particular, the autonomous differential equation system (2’)/(5) 

determines the dynamics of e and n; all the other model variables and, in particular, d are 

determined by the dynamics of e and n. Autonomous differential equations can generate limit-

dynamics (as in the case of a balanced growth path) or not (as in the case of a steady state). Thus, 

a central requirement for sustained development according to (12a) is that the differential 

equation system (2’)/(5) does not generate a steady state (for the given initial conditions range). 

Since (a) our paper deals with cross-system interactions, (b) (2’) describes the dynamics of the 

economic system e, and (c) (5) describes the dynamics of the non-economic system n, it makes 

sense to analyze (2’) and (5) separately. Consider only (2’) and assume that n is given, i.e., ∀t 

n(t) = n°. We say that given n°, there is autonomous (limit) development of the economic system 

e if limt→∞ ė(t) = limt→∞ Φe
(e(t), n°) ≠ 0 (cf. (2’)). If ∀n ∊ N ⊆ N  limt→∞ ė(t) = limt→∞ Φe

(e(t), n) 

≠ 0, we say that there is autonomous (limit) development of the economic system e on the set N.  

Analogously, consider only (5) and assume that e is given. We say that there is autonomous 

(limit) development of the non-economic system n on the set E ⊆ E, if ∀e ∊ E  limt→∞ ṅ(t) = Φn
(e, 

n(t)) ≠ 0. 

If (12a), limt→∞ ė(t) ≠ 0, and limt→∞ ṅ(t) = 0 are true, then we say that sustainable development 

(cf. (12a)) is driven by autonomous economic system development. If (12a), limt→∞ ė(t) = 0, and 

limt→∞ ṅ(t) ≠ 0 are true, we say that sustainable development (cf. (12a)) is driven by autonomous 

non-economic system development. Assume, now, that limt→∞ ė(t) ≠ 0 and limt→∞ ṅ(t) ≠ 0. Then, 

we distinguish between the following cases (which refer to the differential equation system 

(2’)/(5)), where ḋie(t) := ∑ �̇�𝑗(𝑡)𝜕𝑑𝑖(𝑡)/𝜕𝑒𝑗(𝑡)𝜀𝑗=1  and ḋin(t) := ∑ �̇�𝑗(𝑡)𝜕𝑑𝑖(𝑡)/𝜕𝑛𝑗(𝑡)𝜂𝑗=1 . 

(a) We say that sustained development (cf. (12a)) is driven by both, the economic and the non-

economic system, if ∀i ∊ {1, 2, …, δ}  limt→∞ ḋie(t) > 0  ∧  limt→∞ ḋin(t) > 0. 

(b) We say that sustained development (cf. (12a)) is partly driven by the economic system e and 

partly driven by the non-economic system n if: (12a) is true, ∃i ∊ {1, 2, …, δ} limt→∞ ḋie(t) < 

0, and ∃j ∊ {1, 2, …, δ} limt→∞ ḋjn(t) < 0. 

(c) We say that sustained development (cf. (12a)) is driven by the economic system e but 

moderated by the non-economic system n if: (12a) is satisfied, ∀i ∊ {1, 2, …, δ} limt→∞ ḋie(t) 

> 0, and ∃j ∊ {1, 2, …, δ} limt→∞ ḋjn(t) < 0. 
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(d) We say that sustained development (cf. (12a)) is driven by the non-economic system n but 

moderated by the economic system e if: (12a) is satisfied, ∀i ∊ {1, 2, …, δ} limt→∞ ḋin(t) > 0, 

and ∃j ∊ {1, 2, …, δ} limt→∞ ḋje(t) < 0. 

In case (a), both, the dynamics of the economic system e and the dynamics of the non-economic 

system n, have positive impacts on all the development indicators di. In case (b), there is at least 

one development indicator di on which economic dynamics have a positive impact and non-

economic dynamics have a negative impact, where the positive impact is stronger than the 

negative impact such that di grows; analogously, there is at least one development indicator dj on 

which non-economic dynamics have a positive impact and economic dynamics have a negative 

impact, where the positive impact is stronger than the negative impact such that dj grows. In case 

(c), economic dynamics have positive impacts on all the development indicators di and there is at 

least one development indicator (dj) on which non-economic dynamics have a negative impact 

which is, however, weaker than the corresponding positive impact of economic dynamics. In 

case (d), non-economic dynamics have positive impacts on all the development indicators di and 

there is at least one development indicator dj on which economic dynamics have a negative 

impact which is, however, weaker than the corresponding positive impact of the non-economic 

system. 

While this discussion focuses on the dynamic definition of sustainability (12a), similar 

statements can be formulated for the level definition of sustainability (12b). Thus, we omit a 

detailed discussion of (12b) and summarize the results of Section 4 as follows. 

 

Result 1. Sustainable development (cf. (12)) can be driven by autonomous development of the 

economic system e, by autonomous development of the non-economic system n, or (partly) by 

both. Moreover, both, the economic system e and the non-economic system n, may moderate 

sustainable development. 

 

As we will see in Section 5, the different cases listed in Result 1 correspond to different types of 

dynamic equilibria. 
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5 Dynamic equilibria and sustainability 

If we define a dynamic equilibrium as a dynamic state (e.g., steady state, balanced growth path, 

limit cycle, attractor, …) to which a dynamic system converges in the limit (i.e., for t → ∞), we 

can focus our discussion of sustainability on the dynamic equilibrium of the system (1)-(10). The 

system (1)-(10) can be characterized by (a) a general dynamic equilibrium, i.e., a dynamic state 

in which both systems (e and n) satisfy some dynamic conditions (e.g., both systems are in a 

steady state), or (b) a partial dynamic equilibrium (cf. Stijepic, 2017), i.e., a dynamic state in 

which only one of the systems (e or n) satisfies some dynamic conditions (e.g., only e is in a 

steady state), while the other system may exhibit any sort of dynamic behavior. This 

classification allows us to formulate the following result. 

 

Result 2. Sustainable development requires a general dynamic equilibrium imposing conditions 

on the dynamics of e and n that are consistent with (12). 

 

Result 2 states that sustainability cannot be discussed only within the economic system e, but 

requires a general multi-system approach including economic and non-economic systems. The 

proof of Result 2 is quite simple. In Section 3, we have defined sustainable development such 

that (12) is satisfied. (12) imposes conditions on the dynamics of d. According to (1) and (4), d is 

determined by e and (via p) by n. Thus, if we seek to satisfy (12), both, the dynamics of e and 

the dynamics of n, must satisfy some conditions, i.e., a general dynamic equilibrium is required 

for satisfying (12). In particular, if we impose only some conditions on the dynamics e (n) for 

satisfying (12) (i.e., if we rely on a partial dynamic equilibrium of e (n)), then we cannot ensure 

that the dynamics of n (e) do not lead to a violation of (12). 

A further interesting aspect of our sustainability discussion related the dynamic equilibrium is 

that the cases discussed in Result 1 correspond to different concepts of dynamic equilibrium. If 

sustainability is driven by autonomous economic system development, the limit dynamics of the 

n-e system can be described by a steady state of the non-economic system (limt→∞ ṅ(t) = 0) and, 

e.g., balanced or exploding growth of the economic system (limt→∞ ė(t) ≠ 0). Analogously, if 

sustainability is driven by autonomous non-economic system development, the limit dynamics of 

the n-e system can be described by a steady state of the economic system (limt→∞ ė(t) = 0) and, 

e.g., balanced or exploding growth of the non-economic system (limt→∞ ṅ(t) ≠ 0). If 
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sustainability is driven by both, economic and non-economic system dynamics, then the limit 

dynamics of the n-e system can be described by, e.g., a balanced growth path of the economic 

and non-economic system or by exploding growth of both systems (limt→∞ ė(t) ≠ 0 and limt→∞ 

ṅ(t) ≠ 0). If the n-e system converges to a steady state (limt→∞ ė(t) = limt→∞ ṅ(t) = 0), then the 

development is not sustainable in the sense of the dynamic sustainability definition (12a) but can 

be sustainable in the sense of the level sustainability definition (12b). 

 

6 Direct and indirect effects of the systems on sustainability 

While the previous sections deal with the direct effects of the systems on sustainability, there are 

also indirect effects of system dynamics on sustainability due to cross-system interactions. 

The non-economic system n has a direct effect on the development indicators d and, thus, on 

sustainability (cf. (12)). That is, it is not necessary that the economic system e transmits the 

effects of the non-economic system n on the development indicators d (cf. (1) and (4)). For 

example, climatic conditions can have a direct effect on the development indicator ‘health’. If 

there exists a direct effect of the non-economic system n on sustainability, then ∃i ∈ {1, 2, …, δ}  

limt→∞ ḋin(t) ≠ 0 (cf. Section 4). 

Moreover, the non-economic system n has an impact on the parameters p of the economic 

system e (cf. (2) and (4)), which has impacts on the development indicators d (cf. (1)) and, thus, 

on sustainability (cf. (12)). This is a rather indirect effect of n on d and, thus, on sustainability, 

i.e., the effect of the non-economic system n is transmitted via the economic system e. Thus, this 

indirect effect may also be regarded as a cross-system effect. For example, disturbances in the 

political system (indicated by a change in ni) can increase the riskiness of the returns on FDI 

(indicated by an increase in pj) and, thus, reduce the FDI-growth rate (indicated by a decrease in 

ek) and, thus, the per-capita income growth rate (indicated by a decrease in dl). This may 

endanger sustainability (of per-capita income growth). If we define ḋin→e(t) := ∑ 𝜕𝑑𝑖(𝑡)/𝜀𝑗=1𝜕𝑒𝑗(𝑡)∑ 𝜕𝑒𝑗(𝑡)/𝜕𝑛𝑘(𝑡)�̇�𝑘(𝑡)𝜂𝑘=1 , then the existence of indirect (cross-system) effects of the non-

economic system n on the development indicators d means that ∃i ∈ {1, 2, …, δ}  limt→∞ ḋin→e(t) 

≠ 0. 

Analogous statements can be made regarding the impact of the economic system e on 

sustainability. According to (1), the economic system e can have a direct effect on the 

development indicators d and, thus, on sustainability (cf. (12)). In this case, ∃i ∈ {1, 2, …, δ}  
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limt→∞ ḋie(t) ≠ 0 (cf. Section 4). Moreover, the economic system e can have an impact on the 

dynamics of the non-economic system n (cf. (5)) and, thus, on the dynamics of the parameters p 

(cf. (4)) and, thus, on the dynamics of the development indicators d (cf. (1)) and, thus, on 

sustainability (cf. (12)), i.e., the indirect/cross-system effect of the economic system e on the 

development indicators d is transmitted via the non-economic system n. In this case, ∃i ∈ {1, 2, 

…, δ}  limt→∞ ḋie→n(t) ≠ 0, where ḋie→n(t) := ∑ 𝜕𝑑𝑖(𝑡)/𝜕𝑛𝑗(𝑡)𝜂𝑗=1 ∑ 𝜕𝑛𝑗(𝑡)/𝜕𝑒𝑘(𝑡)�̇�𝑘(𝑡)𝜀𝑘=1 . 

These facts imply that, even if economic development (indicated by the dynamics of e) is such 

that it does not directly affect the development indicators d, it may, nevertheless, contribute to 

sustainability (cf. (12)) if it has a positive effect on the non-economic system n. For example, an 

economic policy (e.g., environmental protection policy or income redistribution) that restructures 

the economic system e without increasing the per-capita income may increase the development 

indicators (e.g., health indicators) if it has a positive effect on the non-economic system (e.g., on 

the ecological system). 

Overall, economic and non-economic development can contribute to sustainability via direct and 

indirect/cross-system channels, as summarized by Results 3 and 4. 

 

Result 3. The development of the economic system e can have  

(a) a direct impact on sustainability of development (cf. (12a)) by directly affecting the 

development indicators d via (1) such that ∃i ∈ {1, 2, …, δ}  limt→∞ ḋie(t) ≠ 0; or 

(b) an indirect (or cross-system) impact on sustainability of development (cf. (12a)) by affecting 

the dynamics of the non-economic system n via (5) and, thus, the dynamics of the 

parameters p (cf. (4)) and the development indicators d (cf. (1)) such that ∃i ∈ {1, 2, …, δ} 

limt→∞ ḋie→n(t) ≠ 0. 

 

Result 4. The development of the non-economic system n can have  

(a) a direct impact on sustainability of development (cf. (12a)) by directly affecting the 

parameters p via (4) and, thus, the dynamics of the development indicators d via (1) such 

that ∃i ∈ {1, 2, …, δ} limt→∞ ḋin(t) ≠ 0; or  

(b) an indirect (or cross-system) impact on sustainability of development (cf. (12a)) by affecting 

the dynamics of the economic system e via (2) and (4) and, thus, the dynamics of the 

development indicators d (cf. (1)) such that ∃i ∈ {1, 2, …, δ} limt→∞ ḋin→e(t) ≠ 0. 
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Now, we focus on two further aspects of cross-system interactions, namely, cross-system 

feedbacks and intra-system interactions. 

 

7 Feedbacks and intra-non-economic system interactions 

7.1 Feedbacks 

While Section 6 considers the transmission of the impacts of one system via another system 

(indirect/cross-system impacts), it does not consider cross-system feedbacks. In particular, if the 

economic system e has (indirect/cross-system) impacts on the development indicators d by 

affecting the non-economic system n (cf. Result 3b), the changes in n (i.e., the transmission) may 

have a feedback effect on the economic system e (cf. (2’)) and, thus, on d (cf. (1)). This implies 

that the indirect effect of e on d via n (cf. Result 3b) may be moderated or amplified by the 

cross-system feedbacks of n on e and, thus, on d. Moreover, this feedback may cause further 

feedbacks (i.e., feedbacks of e on n) and so forth. 

Analogous statements can be formulated in the case that the non-economic system n has 

(indirect/cross-system) impacts on the development indicators d by affecting the economic 

system e (cf. Result 4b). This transmission may cause feedbacks from e to n, which may 

moderate or amplify the original effect (i.e., Result 4b). These feedbacks may cause further 

feedbacks and so forth. 

This discussion supports the view that sustainability analysis requires the study of the general 

dynamic equilibrium in the multi-system framework, since the overall impact of the feedbacks 

can be calculated only in this type of analysis. 

 

7.2 Intra-non-economic system interactions 

All the results of the previous sections apply equally to intra-non-economic system interactions 

(cf. (7)-(10)). Thus, from the system-theoretical point of view, we need not discussing these 

results in the context of intra-non-economic system interactions.
5
 However, the discussion of the 

intra-non-economic system interactions in the context of contemporary economic growth and 

development theory seems very interesting. There are economic growth and development models 

                                                 
5
 See Wagner (2017b, pp. 33-37) for a discussion of intra-non-economic system interactions and their effects on 

economic dynamics in the context of sustainability, where the non-economic system is partitioned into three 

subsystems: ecological, socio-cultural, and political (cf. Habermas, 1973, and Wagner, 2014). 
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and studies that incorporate one or another non-economic subsystem.
6
 For example, some 

growth models include resource depletion and environmental pollution (i.e., interactions between 

the economic system and the ecological subsystem), while others include the interactions 

between the economic system and the socio-cultural subsystem (by, e.g., studying the impact of 

economic development on emancipation) or the interactions between the economic system and 

the political system (by analyzing, e.g., the impact of the political system on the time-preference 

rate, which is a parameter of most economic growth models). 

While such models are highly interesting and most important contributions to development and 

growth theory, they cannot be regarded as the multi-system models discussed in our paper, since 

they study the interactions between the economic system e and a specific non-economic 

subsystem ni (cf. (7) and (8)), while we study the interactions between the economic system e 

and the (whole) non-economic system n, where the latter contains all the (relevant) non-

economic subsystems (cf. (7)). This distinction is essential in the study of sustainability. If we 

study the interactions between the economic system e and a specific non-economic subsystem ni 

and elaborate a development path/strategy that ensures that the development is sustainable within 

this framework, then this path/policy is not necessarily sustainable according to (12) because of 

intra-non-economic system interactions (and their interactions with the economic system). In 

particular, the dynamics of the economic system e and the dynamics of the considered non-

economic subsystem ni may have indirect effects on the development indicators d via other 

subsystems (nj, j ≠ i; cf. Results 3 and 4) and feedbacks with the other subsystems (nj, j ≠ i; cf. 

Section 7.1) such that the estimated effects of the elaborated path/strategy on the development 

indicators d are biased if the indirect effects and feedbacks are not considered. In other words, 

studies of the interactions between the economics system e and a specific non-economic 

subsystem ni can only be regarded as studies of partial dynamic equilibria, while the analysis of 

sustainable development requires the study of the general dynamic equilibrium imposing 

conditions on n (i.e., on all subsystems ni). 

For example, assume that by studying the interactions between the economic system and the 

socio-cultural subsystem, a policy maker comes to the conclusion that a development program 

neglecting the socio-cultural development is sustainable because the negative effects of weak 

development of the socio-cultural system are overweighed by rapid growth in income such that 

                                                 
6
 See Stijepic (2017) for a brief overview. 
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overall development can be regarded as sustainable. That is, when considering only the 

interactions between the economic and socio-cultural system, the elaborated policy program 

seems to ensure sustained development. However, if we, additionally, take the political system 

into account, we may come to the conclusion that the elaborated policy program endangers 

sustainability. In particular, the neglect of socio-cultural development may lead to establishment 

of backward or radical ideologies, which sooner or later may lead to a change in the political 

system (e.g., due to some sort of unrest or revolution) that is neither supportive of socio-cultural 

development nor economic development (due to wars, suppression, or international isolation). 

 

8 Biases of the sustainability predictions of economic models 

Economic models can be described by the equation system (1)-(4), where it is assumed that the 

parameter vector p (which is determined in the non-economic system n) is exogenous. Thus, 

economic models (neglecting the interdisciplinary aspects of sustainability) neglect several 

aspects discussed in our paper.  

First, they neglect the direct effect of the non-economic system on sustainability (cf. Result 4a). 

In particular, an economic model neglecting these effects may either overestimate or 

underestimate the economic efforts that are necessary to achieve sustainable development. The 

efforts are underestimated if the non-economic system dynamics have a negative effect on 

sustainability of development (cf. Result 4a). For example, autonomous ecological system 

development (cf. Section 3), e.g., the climate changes that are not caused by human action, may 

have negative impacts on sustainability. Economic models that neglect this effect may 

underestimate the resources that are necessary to ensure welfare growth in the long run. On the 

other hand, positive autonomous change in the socio-cultural system (e.g., autonomous 

improvement in emancipation) may increase the welfare of the economy directly (via Result 4a). 

Thus, economic models that do not consider this change may overestimate the resource demands 

that are necessary to ensure increasing welfare in future (i.e., sustainability).  

Second, economic models neglect the indirect effects of economic dynamics on the development 

indicators d via the non-economic system n (cf. Result 3b). These indirect effects may moderate 

or amplify the effect of economic system dynamics on the development indicators d. For 

example, on the one hand, economic development (e.g., industrialization) may have a positive 

effect on the socio-cultural system (e.g., by supporting emancipation), which in turn may have a 
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positive effect on the development indicators.
7
 On the other hand, industrialization may have a 

negative impact on the ecological system and, thus, on the development indicators (e.g., health 

indicators). 

Third, autonomous non-economic system development can have impacts on the parameters p of 

the economic model (cf. (4)) and, thus, bias the economic model predictions regarding the 

resources that are necessary to ensure sustainability (cf. Result 4b) if the economic model does 

not incorporate these parameter changes. This problem is particularly relevant in the case of 

(quasi-)homeostasis of the non-economic system n such that (a) pure empirical information on 

the past dynamics of the parameters p reflecting the non-economic system dynamics is not 

reliable and (b) interdisciplinary research is necessary to exclude the possibility of (quasi-

)homeostasis (cf. Stijepic, 2017). For example, if the ecological system develops autonomously 

(as in the case of autonomous climate change) parameters of the economic model may change 

(e.g., the productivity of the agricultural production may be affected by climate change). The 

models that do not consider such changes may overestimate or underestimate the resources that 

are necessary to ensure sustained development (e.g., increased input in agricultural production 

may be necessary due to higher risk of crop failure). 

Fourth, even in absence of autonomous non-economic system development, cross-system 

feedbacks (discussed in Section 7.1) may exist. Economic models that assume that the 

parameters p are exogenous neglect such feedbacks. As discussed in Section 7.1, cross-system 

feedbacks may amplify or moderate the impact of the economic system e on the development 

indicators d. Thus, economic models neglecting such feedbacks generate, in general, biased 

predictions of sustainability. 

Fifth, because of intra-non-economic system interactions, even the models that incorporate a 

specific non-economic subsystem into analysis, may lead to wrong predictions of sustainability 

or of the programs that are needed to ensure sustainability, as discussed in Section 7.2. 

 

9 Special aspects of economic sustainability policy in the multi-system framework 

While Sections 4, 6, and 7 deal with different aspects of cross-system interactions, we focus now 

on the implications of these interactions for policy effectivity and design. 

                                                 
7
 See Stijepic (2017) for a model of this impact channel. 
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Economic models deal with the question of what happens with the economic system e if some 

parameters pi (that are controllable by the policy makers) are varied (exogenously). In contrast, 

in our model, these policy-parameter variations are determined endogenously. Nevertheless, we 

can assume for a moment that the policy parameters are exogenous and discuss their effects on 

the dynamics of the economic system e, the non-economic system n, the development indicators 

d, and sustainability (12). Under these assumptions, we can derive the following implications of 

the previous discussion for policy design. 

Implication 1. Policy programs seeking to ensure sustainable development cannot only rely on 

economic model predictions regarding the effects of potential policy measures, as discussed in 

Section 8. 

Implication 2. It is questionable whether there is autonomous development of the economic 

system (cf. Section 3). Thus, the development of the non-economic (sub)systems may be 

important and should not be neglected, since it may drive the development of the economic 

system and sustainability (cf. Result 4b). 

Implication 3. Even policies that do not generate significant economic growth (e.g., 

environmental protection and resources redistribution) may have strong effects on sustainability 

(cf. (12)) due to the direct effects of non-economic system dynamics on the development 

indicators (cf. Result 4a). 

Implication 4. Even the consideration of the direct and indirect effects (cf. Results 4a and 3b) of 

a policy program on/via the major non-economic subsystems (e.g., via the ecological, socio-

cultural, and political subsystem) is not sufficient for ensuring the effectiveness of the program 

with respect to sustainability of development. The interactions between the non-economic 

subsystems must be analyzed as well, since they can reverse the impacts of the direct and indirect 

effects (cf. Section 7.2). 

Implication 5. The policy decision and the sustainability/enforcement of a policy program are 

endogenous, since the political system is endogenous, i.e., the policy system depends on all the 

other non-economic subsystems and on the economic system. Thus, a policy program must be 

designed such that it ensures the enforcement of the program over the planning period (T), i.e., 

the potential feedbacks from the other (sub)system(s) on the political system that could endanger 

the enforceability of the program (over the planning period T) must be considered. 
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10 Concluding remarks 

The starting point of our analysis is the relatively general two-system model proposed in Section 

2 and the discussion of different concepts of sustainability in Section 3, where we have decided 

to focus on a limit-definition of sustainability (requiring that development indicators grow in the 

limit). In Sections 4, 6, and 7, we have elaborated on the different types of cross-system 

interactions existent in our model and their impacts on sustainability (direct effects, indirect 

effects, cross-system feedbacks, and intra-non-economic system interactions). Sections 8 and 9 

were devoted to the application of these results in the discussion of economic modeling and 

policy design, where we (a) have shown that standard growth and development models neglect 

important aspects of sustainability by neglecting cross-system interactions and (b) elaborated 

several implications of our results for the design of sustainability policy. 

While our paper is devoted to the conceptual aspects of sustainability in multi-system 

frameworks (and the development of a general framework for the study of this topic), each of its 

sections and results offers much potential for further mathematical treatment of the topic. In 

particular, further research could take two major directions: a system-theoretical one, where it 

could be tried to specify the basis model of Section 2 further such that the theorems of 

mathematical dynamical systems analysis become applicable, and an applied one, where 

concrete economic growth and development models could be generalized to multi-system 

models such that the aspects discussed in our paper can be analyzed in the context of such 

models.
8
 As demonstrated in our paper, most of the system-theoretical aspects of sustainability 

of economic development and growth can be studied in a two-system framework, where the 

economic system and the non-economic system interact. Thus, we have only briefly addressed 

the interactions between the non-economic subsystems (e.g., ecological, socio-cultural, and 

political subsystem). Nevertheless, the identification and (system-theoretical) classification of 

these interactions seems an interesting topic for further research. 
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