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Critical Field Notes: When Complexity Becomes the Constraint

“Prosperity fails when systems cannot organize the complexity they need or create.”

Rising Complexity
In the previous column, we examined how economic systems rely on the alignment of signals among participants, and how value chains serve as the structural framework through which these signals travel. When signals reach decision-makers and participants are exposed to outcomes, local decisions begin to align with system-level performance, enabling activity to translate into shared, coordinated prosperity. This raises a deeper question about the evolution of economic systems: what happens when systems grow, expand their capabilities, and intensify their activity, while their capacity to coordinate fails to keep pace?
The following pattern appears across economic sectors: systems expand, new participants join, and activities become more specialized. In agriculture, farmers adopt improved inputs and technologies, suppliers introduce new products and services, logistics networks grow more sophisticated, and markets extend across regions and continents. Each layer adds new capabilities, making the system more productive, connected, and complex. Initially, this growth appears to lead to greater prosperity. However, as complexity rises, a structural paradox develops. Activity continues to grow, capabilities improve, and participation expands, yet the economic results at the system’s core do not always keep pace. Sometimes they remain stable, and at other times they become more fragile, even as the system around them continues to grow in capacity and activity.
This increase in complexity is not accidental; it reflects how economic systems generate higher value. As activities become more specialized, each participant concentrates on a narrower set of tasks while depending on others to perform complementary functions. This division of responsibilities allows the system to reach levels of productivity and quality that would not be possible within simpler structures. However, specialization also increases interdependence; each participant relies on others' performance, and the value created by the system emerges from coordinating these interconnected roles. The links between participants are therefore not a byproduct of complexity, but the mechanism through which complexity generates value.
As interdependence increases, the number of relationships within the system grows. Each participant depends on others, and each additional participant introduces new connections that must be continuously coordinated. While the number of participants grows steadily, the number of relationships grows disproportionately faster, and with it, the effort required to maintain alignment across the system. This expansion is not linear: a system composed of only a few actors requires a limited number of connections, but as more participants are added, the number of interactions grows rapidly, increasing the burden of coordination required to sustain coherence across the structure. Each additional layer of specialization increases not only the system’s capabilities but also the complexity of maintaining alignment among its parts.
This dynamic is especially clear in modern value chains. A simple chain connecting a farmer to a consumer through a few intermediaries can be managed through direct relationships and relatively stable arrangements. In contrast, an export-focused value chain involves many participants, such as input suppliers, agronomic advisors, certification bodies, packing facilities, logistics providers, exporters, importers, distributors, and retailers. Each contributes to the final result while adding new relationships that must be coordinated.
As these systems expand, they not only grow larger but also become structurally more complex, as specialization deepens, interdependence increases, and the coordination required to maintain coherence across the system grows at an accelerating pace. This pattern is not limited to agriculture; it appears in organizations as they scale, in industries as they evolve, and in economies as they integrate across regions and markets. In each case, growth in capability is accompanied by growth in the number of relationships that must be coordinated.
In the early stages of systems, their main challenge is to increase productivity and expand capacity. As systems develop, a different challenge emerges. The difficulty is no longer just performing individual tasks effectively, but also maintaining coordination among an increasing number of interdependent relationships. This shift happens gradually and can be hard to notice. Systems keep functioning, activities grow, and improvements are made at the individual participant level. However, beneath this growth, the pressure on coordination increases, and the frameworks that once supported the system begin to reach their limits.
Understanding this transition is essential because it marks the point at which the main challenge shifts from enhancing performance within the system to ensuring coordination across it. It also signifies a shift from optimizing activities to questioning whether the structure itself can support the level of complexity it has generated.

The Coordination Constraint
As systems continue to grow in size and capability, the constraint described earlier begins to emerge: the challenge shifts from enhancing individual performance to maintaining coordination across an increasing number of interdependent relationships. This transition, from expansion to coordination, gradually becomes crucial in determining whether the system can function effectively.
This illustrates a fundamental reality: while the number of participants in a system increases gradually, the number of relationships required to maintain alignment grows much faster. Each new participant doesn't just add a single connection but creates multiple relationships that must be constantly managed across the structure. This pattern becomes clear with a simple example. In a system where all participants must coordinate, the number of relationships corresponds to the possible pairs among them. With two participants, there's one connection; with five, there are ten; with ten, it rises to forty-five; and with twenty, it reaches one hundred and ninety.
In advanced agricultural value chains, especially those focused on export markets, the number of participants often extends well beyond these simple examples. Input suppliers, nurseries, agronomists, certification organizations, financial providers, extension services, packhouses, logistics companies, exporters, importers, distributors, and retailers all play a role in creating and delivering value. Even a conservative setup of 30 participants results in 435 relationships that must remain aligned for the system to work. These connections are not optional; each one carries vital information for the final product's integrity. A supermarket selling fresh fruit in Europe must ensure that the produce meets strict regulatory standards, including approved crop protection products, correct application techniques, and precise pre-harvest timing; requirements that all participants must understand and follow consistently.
To meet these requirements, knowledge cannot stay isolated within a single actor. The agronomist must define the protocol, the input supplier must provide the correct materials, the farmer must apply them accurately, and the exporter must document and certify compliance. Each step relies on accurate and timely information flowing between participants, and a failure in even one connection can disrupt the entire chain, leading to product rejection and financial loss across the system. What appears at the consumer level as a simple transaction is, therefore, the result of a tightly coordinated network of interdependent actions.
This growth in relationships not only expands the size of the system but also alters its nature. Each participant must coordinate with an increasing number of others, and each connection carries information, expectations, risks, and incentives that must stay consistent throughout the structure. The effort needed to maintain this consistency grows faster than the system itself. In the early stages, coordination can be managed through direct relationships, informal communication, and relatively simple agreements. However, as the number of participants increases, this approach begins to reach its limits. Small misalignments in one part of the system can start to spread to others, reducing the system’s ability to function as a coherent whole.
This introduces a structural tension within the system. On one hand, increasing complexity enables higher levels of specialization, productivity, and value creation. On the other hand, the same increase in complexity raises the coordination burden required to sustain these capabilities, so that the system becomes more powerful while simultaneously becoming more difficult to align. This tension becomes particularly visible when considering how systems are optimized; a system can function efficiently at the level of individual participants while failing at the level of the whole. Local optimization does not guarantee global coherence, and in complex systems it often produces the opposite effect.
When each participant optimizes for their own performance without sufficient alignment across the system, the structure begins to fragment. Decisions that appear rational at the local level create inefficiencies, delays, and losses at the system level, and as more participants are added, this effect becomes more pronounced. In such conditions, even when information exists within the system, it does not necessarily flow effectively across it; signals may remain strong within organizations yet become fragmented between them, and the system gradually loses its ability to coordinate around shared outcomes.
When economic signals are consistent within organizations but fragmented across them, the value chain loses the ability to coordinate its members around the shared prosperity that ultimately sustains the system. At this point, the system's constraint is no longer the availability of resources, technologies, or individual capabilities; it becomes the structure linking these elements. As the system grows more complex, it requires an evolution in how relationships are organized and coordinated. Without such structural changes, the very complexity that enables higher prosperity becomes a limiting force for the system’s sustainability.

Structure Determines Capability
The constraint mentioned above does not stem from a lack of resources, knowledge, or capability but from the structure through which participants are connected. As the number of relationships increases, the existing structure becomes inadequate for maintaining coordination, and the system begins to lose its ability to operate as a unified whole. This reveals an important insight: a system’s limitation lies not in the number of participants but in how their relationships are organized.
In structures where participants depend on direct relationships with each other, each new participant increases both the size of the system and the number of connections that need to be maintained. As these connections multiply, the effort to coordinate them grows quickly, and maintaining alignment becomes increasingly difficult to sustain. This is the implicit architecture of many traditional value chains, where relationships are formed through direct links between participants, often managed independently and optimized locally. As long as the number of participants stays small, this setup can work well. However, as the system grows, the increasing number of relationships can cause coordination to break down, leading to fragmentation, delays, and misalignment across the system.
The same pattern also appears in other fields, such as communication, computers, and biology. The evolution of communication systems shows how reorganizing connections between users enabled rapid development. In early systems, each pair of users needed its own direct link, and communication relied on point-to-point connections. As more users joined, the number of connections grew quickly, making the system hard to expand and costly to maintain. When this issue became apparent, a new layer was added using human-operated switching systems. Instead of maintaining direct links between every pair of users, they connected to operators who managed the needed connections, reducing the number of direct links per user and allowing the system to grow beyond the limits of point-to-point architecture. However, this new setup introduced a different challenge, as coordination now depended on human intervention, which limited scalability, increased costs, and created bottlenecks as the system expanded. The shift to digital and mobile communication introduced a completely different structure, where participants no longer relied on direct links or human coordination; instead, they connected to a shared infrastructure that handled communication across the entire network. Responsibility for managing relationships moved from individual participants and operators to the system's architecture, transforming both scalability and capacity. The cost of adding new participants decreased significantly, while the number of possible interactions increased. At the same time, entirely new forms of communication, such as data exchange, video, location-based services, and many other applications that earlier structures could not support, became possible. Each stage of this evolution was accompanied by a new economic model: direct connections required dedicated infrastructure for each relationship; operator-based systems centralized coordination but introduced ongoing labor costs; and digital platforms enabled scalable networks, where the marginal cost of adding participants and services became minimal, while the range of value created expanded greatly.
This structural pattern also appears in the development of computing systems, where early computers had large, physically limited architectures that constrained both performance and growth. The transition from vacuum tubes to transistors, and eventually to microprocessors, not only increased efficiency within the existing framework but also entirely revolutionized the architectures, allowing much greater levels of complexity to be organized and managed. The most significant progress came not from improving existing parts but from transforming the structure through which they were organized.
A similar structural pattern is also seen in biological systems, where the shift from simple to complex organisms required the development of entirely new architectures for sensing, communication, and coordination. In single-cell organisms, interaction with the environment is governed by local mechanisms, and coordination is limited to processes within the cell itself. As biological complexity grows, these local mechanisms become insufficient to maintain coherent function across an increasing number of specialized components. The emergence of multicellular organisms, therefore required new structural layers capable of integrating signals across many cells. Early forms of coordination appear as distributed networks like ganglia, while more advanced organisms develop centralized nervous systems, including the brain, which organize sensing, decision-making, and responses throughout the entire organism. The rise in biological complexity is thus not explained by improvements in individual cells, but by the emergence of structures that enable information to travel, integrate, and coordinate action across the system as a whole.
This increase in coordination ability is linked to a structural shift in the role of individual components. As systems evolve toward higher levels of complexity, specialization deepens while each component’s responsibilities become more focused. In multicellular organisms, cells do not become more versatile; they become more specialized. Nerve cells transmit signals, muscle cells generate movement, and other cells perform highly specific functions that support the organism as a whole. Recent studies suggest we, humans, have thousands of different types of cells. The system can handle higher levels of complexity because coordination is managed by the structure, allowing individual components to focus on a limited set of tasks.
This observation provides a practical diagnostic view of economic systems. When participants in a value chain must handle a wide range of unrelated activities, such as production, input development, logistics, marketing, and sales, it usually indicates that the structure has not yet reached the level of organization needed for specialization. In such systems, complexity is placed on the participant, reducing efficiency and limiting scalability. In more advanced value chains, participants have clearly defined roles and rely on other specialized actors to perform complementary functions. Therefore, specialization is not only a feature of mature systems but also a sign of structural development.
In each of these examples, the structural shift not only increases capacity but also changes how components relate, allowing coordination to grow without overburdening individual participants. The key insight is that these breakthroughs weren't achieved by just making the current structure more efficient but by replacing it with a new one that can handle higher levels of complexity. This idea directly applies to economic systems, where once coordination begins to limit performance, the question is no longer how to enhance coordination within the current setup, but whether the structure itself can support the system's increased complexity.
When it is not, no amount of local optimization can fix the constraint because the limitation lies in the system's structure, not its performance. Only a structural change can restore the system’s ability to coordinate, expand, and sustain higher levels of complexity. This insight offers important lessons on how we view ongoing economic issues, including poverty in developing countries, which is often addressed by improving technology, knowledge, funding, or institutions. These interventions can enhance performance in specific parts of the system, but when the value chain's structure cannot provide the necessary level of coordination, their impact remains limited. Improvements at the individual participant level do not effectively spread across the system, thus cannot lead to lasting income increases at the production level. The problem is not the absence of solutions, but the structure’s failure to integrate them. As illustrated in the examples above, increasing efficiency within a flawed structure does not remove the constraint because the limitation is not in how the system operates but in how it is organized.

Structural Limits
The structural dynamics outlined so far become most evident in agricultural value chains that extend beyond local markets into regulated, high-value export systems. In these systems, the number of participants, requirements, and dependencies increase dramatically, and coordination shifts from being an optional activity to a necessary condition for participation. At first glance, such a value chain may seem simple: a farmer growing crops and a buyer purchasing them. However, as the system expands to serve export markets, this simplicity turns into a complex, interconnected network that includes input suppliers, nurseries, agronomists, crop protection providers, certification bodies, financial institutions, extension services, packhouses, logistics providers, exporters, importers, distributors, retailers, and regulatory agencies. Each entity adds additional requirements that must remain aligned for the system to operate smoothly. At this stage, the value chain stops being just a series of transactions and becomes a web of interconnected relationships, where coordination determines whether the entire system can function at all.
In these systems, each participant depends on accurate and timely information from multiple points in the value chain. Input suppliers must ensure their products meet regulatory standards in destination markets, agronomists must convert these standards into field protocols, farmers must follow them correctly, certification bodies must verify compliance, and exporters must guarantee traceability at all stages. A failure in any of these links can disrupt the entire chain, blocking market access and erasing the value created by the system. These requirements add extra layers of coordination that go beyond just technical production. Financial institutions must coordinate lending with production cycles and market access, logistics providers need to manage transportation and storage conditions, and retailers must communicate quality standards and delivery timelines. Each new layer increases the number of relationships that must stay aligned, thus raising the system’s overall complexity.
As this complexity increases, the system reaches a point where informal coordination and bilateral relationships are not enough to keep everything aligned. These issues are often seen as technical failures, but more often they show structural limitations in how the value chain is organized. At this stage, additional investments in inputs, training, or technology might improve performance locally but do not lead to lasting improvements at the system level. Farmers might adopt better practices, exporters might invest in infrastructure, and financial providers might expand lending, but without structural coordination, these improvements remain isolated and cannot deliver consistent results. 
This condition creates a structural ceiling on prosperity. Production may rise, participation might grow, and activity could increase, but income at the lower end of the value chain does not increase proportionally and may even decline as risks and costs rise. The system continues to grow in complexity, but the benefits of that complexity are not shared equally among all participants. This pattern is often misunderstood because increased activity can obscure fundamental structural limits. Higher production levels, greater participation, and expanding transaction flows may indicate progress, even when coordination worsens. Over time, the gap between activity and results becomes clearer, and the system’s ability to sustain prosperity diminishes. When this stage occurs, the constraint is no longer technical, financial, or operational but structural. The system has reached the limit of what its current organization can support, and further progress requires shifting to a structure capable of managing the next level of complexity.

Structural Coordination
When systems reach their structural limits, progress depends on shifting to new forms of coordination capable of organizing higher levels of complexity. This transition does not necessarily mean replacing existing participants, but rather creating structures that reshape how relationships are formed, maintained, and coordinated throughout the system. As these structures develop, they ease the burden on individual participants and enable the system to operate at a higher level of organization. In agricultural value chains, this shift often manifests as coordination platforms, shared service providers, integrated advisory systems, and other structures that connect participants through organized relationships rather than isolated bilateral links. These structures do not eliminate specialization; they enable it. By organizing communication, aligning incentives, and coordinating activities, they allow participants to focus on their core roles while ensuring coherence across the system.
For example, a coordinated advisory structure can connect agronomists, input suppliers, and farmers through shared protocols, ensuring that production practices meet market requirements from the start. Similarly, shared traceability systems can allow certification bodies, exporters, and retailers to access consistent information across the supply chain, reducing uncertainty and enabling large-scale coordination. These structures act as coordination layers within the supply chain, minimizing the number of direct relationships needed between participants and allowing information to flow through organized channels. As a result, the system can expand without a proportional increase in coordination efforts, and participants can work more efficiently within specialized roles.
The emergence of these coordination structures also shifts the economics of participation. As coordination improves, risks decrease, investments become more feasible, and productivity gains can be sustained throughout the system. Participants no longer need to manage complexity on their own; instead, they operate within an environment where coordination is integrated into the structure. This shift does not happen automatically; it requires intentional design, shared standards, and institutions capable of ensuring alignment among participants. Often, this leads to the development of new organizational forms that cross traditional boundaries within the value chain. As these structures evolve, the system’s ability to coordinate improves, enabling increased specialization, innovation, and growth. Complexity continues to grow, but it is now managed through structures capable of supporting higher levels of coordination and shared prosperity.

Coordination Determines Prosperity
In many agricultural systems, not only in developing economies, these structural limitations are evident in practice, particularly when value chains expand without corresponding coordination mechanisms. Farmers adopt improved technologies, access better inputs, and increase production, yet income remains unstable and often insufficient to support long-term investment. This pattern reflects not a lack of effort or knowledge, but a structural constraint in how value chains are organized.
Field observations clearly illustrate these dynamics. In a WhatsApp exchange with a practitioner working with banana farmers, strong production potential was already evident, yet structural barriers hindered progress. As he noted: "There is strong willingness and capacity to supply in large quantities. However, major challenges remain - fragmented production, lack of organized producer groups to coordinate marketing, and limited knowledge about export processes." Despite clear market opportunities, coordination structures remained underdeveloped, highlighting how prosperity can be limited when complexity is poorly managed.
Extension programs can promote better practices, financial institutions might expand lending, and buyers could increase sourcing. However, without system-wide coordination, these improvements remain isolated. Farmers might produce higher volumes, but without aligned logistics, certification, and market access, these gains cannot be sustained. In such conditions, risks increase throughout the entire value chain. Buyers face inconsistent supply, financial institutions encounter higher default risks, and farmers experience income volatility. Over time, these risks discourage investment and limit the system’s growth potential. These dynamics are especially evident in export-oriented value chains, where compliance requirements, quality standards, and timing constraints demand precise coordination. Without structures capable of managing these relationships, participants struggle to stay aligned, reducing the system’s competitiveness in high-value markets. However, when coordination improves, these systems can undergo rapid transformation; participants specialize, risks decrease, investment increases, and productivity gains lead to sustained income growth. The change is driven not only by new technologies but also by structures that enable complexity to be organized and coordinated. These observations suggest that lasting prosperity in complex systems depends not on isolated improvements but on developing structures capable of coordinating participants at scale.
As systems grow in size and complexity, the challenge of maintaining prosperity shifts from focusing on individual performance to managing relationships among participants. This shift highlights a core pattern in complex systems, where higher capabilities create new coordination needs that must be supported by appropriate structures. Throughout this column, we have seen how this dynamic appears across economic systems, technological evolution, and biological development. In each case, progress depends not only on enhancing components but also on developing structures capable of coordinating higher levels of complexity. In agricultural value chains, this insight suggests that sustainable prosperity requires structures capable of organizing coordination at scale. Without such structures, improvements remain fragmented and cannot lead to lasting economic outcomes.
The emergence of these structures signifies not only a technological evolution but also a fundamental change in how value chains function. As coordination improves, systems become more resilient, more efficient, and better equipped to promote shared prosperity. As complexity continues to grow across global systems, the ability to organize coordination becomes the key factor determining which systems can sustain shared prosperity and which cannot.
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Subscribe here, free!
"Mental and Economic Freedom Are Interconnected."

See you soon, 
Nimrod
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Dr. Nimrod Israely is the CEO and Founder of Dream Valley and Biofeed companies and the Chairman and Co-founder of the IBMA conference. +972-54-2523425 (WhatsApp), or email nisraely@biofeed.co.il

P.S.
If you missed it, here is a link to last week's blog, “Critical Field Notes: Designing Value Chains That Generate and Sustain Prosperity “.
P.P.S.
Here are ways we can work together to help your agro sector and rural communities step forward and shift from poverty into ongoing prosperity:
* Nova Kibbutz and consultancy on rural communities' models.

* Local & National programs related to agro-produce export models - Dream Valley global vertical value and supply chain business model and concept connects (a) input suppliers with farmers in developing economies and (b) those farmers with consumers in premium markets.

* Crop protection: Biofeed, an eco-friendly zero-spray control technology and protocol. 


You can follow me on LinkedIn, YouTube, and Facebook. 
*This article addresses general phenomena. The mention of a country/continent is used for illustration purposes only.
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