Exercise 1 – Answers 
Q1. Urban concentration is a double-edged sword. On the one hand, cities occupy ~3% of land yet generate >80% of economic activity while consuming and emitting ~75% of global totals; this scale and density create agglomeration and network effects that make mass transit, district energy, and circular exchanges (e.g., industrial symbiosis) viable at lower per-capita cost. On the other hand, the same density creates infrastructure lock-in: early design choices in buildings, roads, and utilities embed impacts and costs for decades, making it hard to pivot once assets are sunk. Moreover, efficiency gains can trigger rebound (e.g., cheaper mobility → more travel), eroding expected resource savings. A systems perspective helps align sub-systems (transport, housing, services) so citywide strategies exploit scale benefits without reproducing those lock-ins and rebounds. 
Q2. The built environment is the primary structural driver of the >3× rise in global extraction since 1970 because it is dominated by non-metallic minerals (sand, gravel, limestone) whose share has grown markedly—think concrete, asphalt, and aggregates for urban expansion. Mobility/energy come next, tied to fossil fuels and metals for vehicles and power systems. 
Q3. Example: A city invests in a new high-frequency metro line to solve road congestion (transport sub-system). Accessibility improvements raise nearby land values; landlords capitalize on the amenity, leading to rent hikes and displacement of lower-income tenants (housing sub-system). Displaced households move farther out, lengthening commutes and partially re-creating traffic and emissions the project aimed to cut.
 How systems mapping helps: A causal map linking “accessibility → land value → rents → residential relocation → trip length/ mode choice → traffic/emissions” would have revealed these feedbacks. With that visibility, the transport plan could have been packaged with anti-displacement tools (inclusionary zoning, land banking, fare policy) to preserve accessibility benefits without housing harm. This ife-cycle-aware systems perspective is required o avoid unintended consequences across urban sub-systems. 
Q4
· System definition. Boundaries that exclude embodied imports/exports or key stocks (e.g., buildings) bias results. Mitigate by nesting scopes (city core vs. metro region), and triangulating bottom-up MFA with EW-MFA/EE-IOA to capture indirect flows and trade. 
· Data acquisition. Mixed sources (surveys, customs codes, industry reports) vary in quality; informal and construction-and-demolition streams are often undercounted. Mitigate with documented data lineage, gap-filling rules, and cross-checks against national accounts/material flow statistics. 
· Calculation. Mass-balance closures can mask errors (e.g., forcing residuals into “losses”), and stock-change assumptions drive results. Mitigate with explicit uncertainty ranges, Monte-Carlo/sensitivity analysis on key coefficients, and independent replication of balances. 
· Representation & interpretation. Sankeys and indicators can over-emphasize visible streams while hiding uncertainty or shifting burdens across life-cycle stages. Mitigate by pairing visuals with uncertainty bands, reporting absolute and intensity metrics, and testing for burden-shifting with complementary LCA/IOA views

