Text developed by Dawn Parker, Hazem Ahmed, and Fatemeh Jahanmiri. This narrative was included in the SMART grant application.  It is an example of how you might formulate a research question and what methods you might apply to answer that question.  

Main Question:  Why is a complex systems lens needed to evaluate the potential effectiveness of policy interventions in cities?

Q1a: What does it mean for a city to be “complex”?

In the mid-20th century, the way a city and its social structure functioned was metaphorically viewed as a machine. A machine is "a system whose behavior is sufficiently law-abiding or repetitive for us to be able to make some prediction about what it will do (Ashby, 1956, p.265)" (Batty, 2013, p. 339). A mechanistic view of the cities makes implementation science a trivial challenge, as a solution generally understood to be effective can be implemented across a city with fairly predictable results.  The famous planner and city visionary Jane Jacobs proposed a different and more functional view of a modern city: “Cities have the capability of providing something for everybody, only because, and only when, they are created by everybody”. Building on concepts that first emerged in biology and physics, in the late 20th century a new view of the city emerged, where cities and societies are no longer viewed as artifacts that function according to a strict plan but rather as organisms that evolve and grow. Similarly, Sassen (2013) described the city as a cluster of incomplete complex systems, and Batty views cities as interrelated networks (Batty, 2013). The network approach implies that the city's primary component is its population, where individuals and groups are spatially and economically linked together through transportations networks and intangibly tied together through social networks Batty (2010).

Q1b: What are the implications of the “complex city” for planning?

The complex systems view of the city lead to a new paradigm for planning—one with a primary emphasis on behavior and social processes (Batty, 2010).  Urban systems are now viewed as self-organizing entities that emerge from the bottom up in patterns established through rules at the lowest level (Batty, 2013), implying that "individuals and agencies generate structures of complexity that are virtually impossible to manage, control or redesign from the top down" (Batty, 2010, p.100). Thus, to achieve an inclusive planning process, the central-institutionalization perspective should shift to a bottom-up approach while stressing that "actions are as much local as global but with structure and order emerging as much, if not more, from the bottom up" (Batty, 2010, p. 101).  The main contribution of complexity theory in planning centers on the methods and techniques developed as the instruments to understand cities. Complexity provides a new lens that broadens the scope of involved variables in the urban change, while adding depth by investigating the underlying rules. This implies that the answer to many aggregate level problems in the urban fabric lies under the layers of the interacting components. Thus, the very first step to tackle urban problems is to develop tools that help clarify and simplify the urban complexity to a more comprehendible entity.  

Q2: How are these concepts of planning for the complex city applied in practice?

Q2a: How can we describe the case study from a systems perspective?

How is this done in practice? Let’s take a seemingly straightforward policy implementation challenge related to food and health in cities—recent dietary guidelines indicating that half one’s plate should be fruits and vegetables.  We generally begin by identifying the system actors and how they operate at different scales.  Immediately, we recognize that access to fresh produce for households is mediated by income, cultural preferences, and spatial accessibility to food outlets.  In short population heterogeneity matters.  We might also recognize that households will have differing access to health information and trust in information sources, mandating a diversified communications strategy across municipal, non-profit, and institutional actors (such as schools and churches).  We then recognize the importance of information transfer and changes in cultural norms across social networks.  Rather than a linear process, if we can reach key individual “norm entrepreneurs”, they might strongly influence others in their social networks, leading to a cascade of adoption of increased produce consumption (Rogers, 2005).  Working through this process for Waterloo Region, we might identify marketing the humble cabbage as a key system intervention to increase local produce consumption.  It’s inexpensive, keeps well, plays an important role in many ethnic cuisines, is grown locally and available year-round, and can be purchased at low cost in suburban grocery stores and at closing time in local farmer’s markets.  

Q2b: How has our case-study complex systems responded to shocks, and what have we learned from this about our system?

We then have to map out and consider our city as a network of economic and transportation sub-systems, to fully understand, for instance, whether or not our intervention might be robust to system shocks.  Often we learn more about the vulnerability of a system from failure than from stability.  Thus, in late March 2020, the unthinkable happened in Waterloo Region.  Store shelves were largely empty of flour, yeast, and toilet paper, but surprisingly they were also empty of cabbage for the most part.  Farmer’s markets were closed. However, local innovations, some now persistent, emerged to ensure supply.  A local grocery store with contacts to regional farms called them directly until they were able to find supply.  A local bakery repurposed its parking lot as a pop-up farmer’s market with three produce vendors selling cabbage and more.  However, these solutions provided access to some neighbourhoods but not others.  While knowledge of these innovations started out as local, word spread through formal and informal media channels.  Ultimately, new bottom-up local supply mechanisms emerged across the region, providing access to many, but only those who are digitally enabled.  Beyond that, broader threats to produce consumption emerged, as incomes dropped for those laid off, and many relied on food banks and the more limited diets they offer.  

The lesson of our story is that to evaluate the success of an intervention using a complex systems viewpoint, we must understand the targets of the system as heterogeneous, interacting in social and economic networks, constrained by transportation and economic resources, but also constantly evolving and adapting.  

Q2c: Why do we need mixed methods to research this system, and how might they be applied?
In order to fully understand this complex system, we need to employ mixed methods from multiple disciplines to “map the system” (https://mapthesystem.sbs.ox.ac.uk/home).   In the context of our example, “big Data” elements such as <<cash register data and credit card data>> combined with food retailer purchase data can help us understand spatially differentiated supply and demand, for both home consumption and prepared food.  Transit boarding data, traffic counts, and even parking lot images are another “big data” source that can be combined to understand how and where people access food.  Such data could be used to create nutritional profiles at a community level, using advanced AI and other statistical models.  Census data can help to connect these findings to socioeconomic diversity metrics.  Qualitative data can help fill in important missing stories, understand the causes behind the outcomes we see, and add narratives to our system understanding.  For instance, in-person interviews at the Kitchener Market can help to reveal the highly diverse populations accessing similar food products (from the foodie organic food purchasing gentrifier to the recent immigrant family purchasing reduced purchase at close-out to the small food retailer stocking up for the week’s take-out meal supply).  Walk-along interviews on other shopping trips, as well as in-depth surveys about food beliefs and food preparation, can help to unpack further cultural dimensions of food consumption.  When researchers using all of these methods can work together, they can build and validate robust models to simulate how planned interventions might play out across a diverse landscape of food preferences, resources, and access.  In our case a local government may decide to partner with a local grower to increase local cabbage supply and make this supply available for diverse households whose produce consumption might be below recommended levels.  
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