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Research Question

Many cities face competing pressures to maintain growth and livability for their residents,
reduce their environmental impact, and also address social inequality, a dilemma sometimes
called “the planner’s triangle.” Part of this challenge at a policy level is to move beyond
traditional wealth metrics of progress toward a more complete understanding of well-being,
and how to fairly and effectively cultivate its sources—economic, environmental, social,
personal, and others—which are entangled in all three sides of the triangle. At the same time,
there is an emerging split in how to best pursue those goals through the management of urban
spaces between the top-down design of reproducible archetypes of healthy cities, and an
alternative view that a diverse range of effective urban forms emerge and evolve through

bottom-up, self-organization.

This project is aimed at better understanding how different parts of our urban habitats work
together to create more or less desirable places over time, and how policies can support those
processes from the bottom up. Incentive-based mechanisms are one established example of
influencing decentralized decisions. Because so many functional qualities of a city are
fundamentally rooted in its land use, | selected two land use incentives—a land value tax and

payments for ecosystem services—as an entry point, with the question:

Can land use incentives stimulate more livable, equitable, and sustainable cities, and
how do they compare to “top-down” design and management of urban space?

Land value taxation (LVT) has enjoyed renewed mainstream attention in recent years, through

discussions in the popular press like The Economist, Financial Times, and The New York Times,

as well as proposals to enact or study some form of LVT in Michigan, Minnesota, Oregon, and

California. LVT is often pitched as a tool to combat unaffordable housing crises by incentivizing
new and more efficient residential construction, and as a way to curb urban sprawl by spurring

development of vacant or underutilized urban lots. However, despite its popularity among

theorists, only a few places have partially implemented a LVT, and voters and policy makers
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alike are skeptical of its overall long run costs and benefits, unintended effects, and fairness.
There is a need to better understand how theorized changes in urban form might impact

various aspects of well-being and community structure over time.

For example, one concern of denser cities is the loss of urban green space—trees, gardens,
grass, and other foliage that provide benefits like recreation, cooling, cleaner air, and aesthetic

appeal. These ecosystem services create positive “spillovers” for neighbors, but because their

value is typically enjoyed at no direct cost there is limited incentive to privately provide beyond
what a landowner wants for themselves. To address this, | looked at how a type of policy

historically used for rural and wilderness conservation called payments for ecosystem services

(PES) could encourage private land owners to preserve and incorporate these important
resources in new developments. | hypothesized compensating land owners for the monetary
value of ecosystem services would act as a balancing force against excessive densification, and

adaptively target those services where they are most needed.

Methodology

Novel strategies for large social and economic change come with a problem: we need data
from working examples to know if they are effective, but there is hesitation to lead with

unproven policies and controlled experiments are usually impractical.

Exploratory modeling and analysis is a next-best method using computer simulation as a stand-
in for the real world. In this spirit, | created a digital “policy sandbox” where individual
households and landlords inhabit a virtual world divided into equal parcels of land. To keep
things simple, households in this version are all renters and each parcel is owned by a unique
landlord who lives in a different city. Following a common practice in economics, households
commute to a single point at the city center for work, shopping, and so on, while remaining

parcels make up housing or undeveloped land.

Each time step (approximating a year), landlords first decide whether to invest in a new
development or to keep their parcel as-is. Then, households (identical except for income)
compete over available housing, weighing commuting costs to the city center, dwelling size,
and two types of neighborhood amenities: green space around the parcel, and social capital
from social ties that form between neighbors over time. A support network of friends and
“friends of friends” makes households more attached to their neighborhood—but also makes it
more appealing to outsiders. Conversely, congestion from traffic to and from the city center

makes an area less desirable.


https://earth.org/what-are-ecosystem-services/
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Once vacancies are filled (or no acceptable options remain), property and income taxes are
collected and redistributed equally to all households as a bundle of public services

representing things like utilities, public safety, and so on. The model then cycles to a new year.

To conduct virtual experiments, | ran the simulation many times with different active policies
and compared outcomes in terms of overall well-being, equity across income groups, and
proxies for environmental impacts. For each experimental scenario, the city first grew from zero
population using identical (and accelerated) conditions for 30 years to establish common
trends. Policies were then applied and simulated for 20 more years to let effects settle in. |

defined five main “what-if” scenarios, focused on a single policy at a time:

1. Baseline is my “control” case which applies a traditional, uniform tax rate on land and
buildings, while green space is provided only by landlords based on what they expect

their tenants to pay extra for.

2. Greenbelt and Parks represent two basic patterns for how green space might be
provided by top-down public planning: a ring of green space with continuous trail
systems, natural habitat, etc., or a patchwork of small neighborhood parks positioned

evenly to maximize accessibility.

3. LVT adjusts to a different tax rate on land and improvements Year 31. To get a sense of
upper limits, | apply a “pure land tax” assessing 100% of land value (re-estimated each

year based on demand of a typical household) and 0% on improvements.

4. Under PES, landlords are paid for the value of green space they provide to households
within a surrounding area. To see how responsive landlords are to the policy, | ran sub-

experiments that paid 12.5%, 25%, 50%, and 100% of the estimated value.



Figure 1. Five Lives of a City
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The heatmaps in Figure 1" visualize a city after 50 years in each scenario through several lenses.
From the top row down, the color of a grid square indicates [1] that parcel’s final population
density, [2] the level of neighborhood greenspace, [3] the median social capital of its residents,

and [4] their median income.

As a point of reference, the Baseline scenario (left-most column) follows the pattern of a

|ll

traditional “monocentric city” with a dense urban core and transitioning outward to low density

' The diamond shaped pattern is a side effect of calculating distance as number of “hops” between two
parcels moving in only the four cardinal directions, sometimes referred to as Manhattan distance.



housing (though with larger dwellings to offset higher commuting costs and less budget for

general consumption) until a frontier is reached where development is no longer profitable.

The Baseline scenario demonstrates a classic “market failure” where too little green space
provided since landlords are only paid for its value to their own tenants. The bottom image
also shows distinct spatial segregation by income, as wealthier residents tend to take first pick
of either bustling central high rises or larger and more open “suburbs,” leaving a band of

lower-income households far from both green space and opportunities for social connection.

While greatly simplified and not intended to represent any real place, similar qualities can be
recognized in many actual metropolitan areas. What changes when we peek into alternate
timelines with our incentive-based policies in place, and how do they compare to examples of

centrally-planned amenities?

Findings

Highlights

= A pure land value tax on its own leads into more intense development by eliminating
the tax on buildings, but does so everywhere rather than in a more compact form.

=  With even modest construction cost elasticity, where each project within a period gets
a little more expensive due to short-term local labor and material limits, a pure land
value tax slows development of new housing stock in virtual experiments.

* However, the land value tax recaptures profits from social and environmental
amenities with a stable increase in public revenues that can support more public
services, infrastructure, direct transfers, tax credits, or other strategies.

= Payments for ecosystem services appear to be a plausible tool to provide benefits of
urban green space, but subsidies that are too low or two high can lead to insufficient
incentive or overconcentration. Incidentally, PES can be a demand-side “pull” force
for compact development due to positive feedback with social capital and by acting
as a de facto growth boundary.

= LVT and PES together appear to create a virtuous cycle that balances widely
accessible green space, growth, and public reinvestment, at the cost of some sprawl
and less budget for general consumption. These downsides may be offset by the

more permeable built up area and how LVT proceeds are redistributed.



* A public “green belt” design also performs well in aggregate and is less capital and
commuting intensive, but is less equitable away from the median household and
leads to less permeable development outside the belt.

= Qverall, the results invite discussion around [1] land value taxation as a tool for
addressing inequality versus shaping urban form, [2] differentiating socially and
privately created value, and [3] how to balance different components of urban well-

being within specific places and communities.

Since my sandbox is only an analog to a real city and so any absolute measures have little
practical meaning, | evaluated scenarios relative to Baseline to get a sense of how much better
or worse they are in common terms. Let'’s first look at enacting either LVT or PES alone. | will
then talk about some key differences across all top-down and bottom-up strategies, followed
by what happens when policies are combined, and finally some selection criteria, key-trade-

offs, and closing thoughts.
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The Pure Land Value Tax: Mixed With a Silver Lining

What happens when a pure land value tax is implemented after Year 307 Ideally, we expect to
see denser and more compact development with a larger supply of housing, followed by lower
rents and more opportunities for forming social ties. With no limits on new construction or
demand for housing development intensifies as anticipated. However, it occurs both in the
existing core and in outer areas leading to more sprawl. More importantly, when | include a
short-term constraint to construction (where each new development project is a little more
expensive, representing local supplies of labor and materials) development actually slows
compared to the default uniform tax. Figure 2 shows this in a population graph for several
scenarios over time. The Baseline scenario approaches around 35,000 households while LVT

remains almost unchanged from the pre-policy level, between 20,00 and 25,000 households.

Figure 3. Change in Rent by Income Quantile
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Why is this the case? It turns out that although the “best use” for a parcel might shift to higher
density under a split or pure LVT, this is solely an effect of removing the tax on buildings which
reduces barrier everywhere. In fact, the best calculated use is the same regardless of the tax
rate on land. At the same time, the landlords’ perceived value of future income is immediately
reduced by the tax—the capitalization effect. Since the upfront cost of constructing housing is
unchanged, it acts as a “hurdle” that is more sensitive to market conditions. The middle panel
of Figure 1 is an illustrative case where construction costs remain low enough for
redevelopment to take place, resulting in an increase in population density. But—as in the

unconstrained case—intensification happens throughout the city area.

With few new units being constructed, it is unsurprising that rents for LT do not decrease as

originally hypothesized. Figure 3 visualizes the difference from Baseline of the median



household rental burden (i.e., rent as a fraction of overall household budget) divided into four
income brackets. Following LVT in the second column (with time flowing bottom to top), rent
burden grows compared to Baseline for most residents and in particular for the lowest income
group, for whom there is a gap of over 30%. In the underlying data, this relative difference
does not come from increasing rents under LVT, but rather from missing out on declining rent

burden in the Baseline scenario.

Figure 4. Amenities Over Time
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However, there is another side to the story. Figure 4 plots the median household level of each
type of amenity, relative to Baseline, including budget left over general consumption and
public services. Under the LVT scenario, changes in green space and social capital are
negligible (consistent with the lack of new development). On the other hand, additional tax
revenues raised from the land tax result in a higher level of public services. This is especially
important to low income households for whom public goods make up a relatively large part of
overall income and well-being. Importantly, this higher service level remains flat; land values

(and tax revenue) stabilize rather than unraveling to zero as some critics fear.

Of course, real policy implications depend on how people truly value each amenity (and other
factors not represented here). Drawing from other research on spending preferences, Figure 5
shows how my simulation combines these into an overall utility level for each scenario relative

to Baseline, separated by income group. The second row shows that utility improves for



median households after changing to a pure land value tax system. Although all demographics

are made slightly better off, the 0-20% income group makes a larger gain in utility in contrast

to Greenbelt and other scenarios where wealthier residents usually capture a greater benefit.

Greenbelt

Figure 5. Difference in Utility by Income Quantile
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Multiple Benefits of Payments for Ecosystem Services

| then ran experiments in which landlords are compensated for 12.5%, 25%, 50%, and 100% of

the monetary value to nearby households of green space they provide. A straightforward

expectation is that we would simply see more greenspace as the subsidy increases, but the

result is less intuitive. At the lowest level of 12.5% PES, there is no meaningful difference in
p g

development patterns, This is because the subsidy does not outweigh lost revenue from

reducing rentable area. 25% PES and 50% PES (Figure 7, below) follow expectations more

closely, producing an organic patchwork of small parks and green strips with increasing density.

An unanticipated pattern is that an ad-hoc greenbelt emerges on the periphery. While |

hypothesized PES as a mechanism to avoid filling in socially valuable green space in the city’s



interior, the policy coincidentally acts as a “soft” urban growth boundary by effectively paying

owners to conserve (and even improve) green space at the city’s edge.

More surprising is that when the full ecosystem service value is paid out, the amount of green
space provided declines. The reason for this underlies why most parcels also tend to be entirely
green or built-up in all four PES scenarios, even though they can include some of both.
Because | require tax revenues and payments to be balanced, and since PES are issued first-
come/first serve, public funds can be exhausted by early greening projects that would have
appeared at a lower subsidy level anyway. This is reflected in the right-most panel of Figure 4,

where public services almost immediately decline to zero under 100% PES.

Figure 6. Land Use Profile
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Differences Across Individual Policies

To compare categories of policies, Figure 6 provides another perspective of land use at the final
year for each group of experiments: public projects, the VT scenarios, PES subsidies, and a
combination of PES and LVT (which we will return to later). The top half of each plot shows
population by distance (left to right) from the city center. A surprising outcome here is that the
intermediate 25% PES and 50% PES subsidies induce a more intense and compact profile than
LVT, driven by attracting new residents to the combined appeal of new green space and pre-
existing social ties. This complementarity effect is also seen in the Greenbelt scenario, though

much more narrowly concentrated.



The bottom half of each plot visualizes “porousness” where deeper shaded areas indicate a
greater percentage of green space at that distance from the city center. For example,
Greenbelt intuitively indicates a narrow segment of porousness along the ring (where the
population is also densest). A similar spike is found further out for PES scenarios where the
previously mentioned ad-hoc greenbelt forms, accompanied at the 25% subsidy level by

greening within the core, wide proliferation of greening at 50%, but less so at 100%.

Figure 7. Strategy Comparison with Spillovers
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Each of these cases has an advantage depending on the priorities of stakeholders and
planners. Returning to a top-down spatial comparison, Figure 7 suggests that 50% PES

rearranges but does not eliminate income segregation compared to Baseline. However, it



provides more households with access to green space than Greenbelt and the social network
also spreads and deepens more. Looking back to Figure 4, this scenario indeed has the highest
typical social and green space levels, but these gains are at least partially offset by higher rents,
lower public services, and less budget remaining for other

consumption.

Figure 8. Policies Combined: PES + LVT
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Meanwhile, 25% PES supports a more balanced set of amenities and achieves a more compact
form, but the benefits favor higher income households, and it is a less porous configuration.

Greenbelt attracts the largest population and offers a similarly balanced set of amenities at the
median, but inequality rises sharply at the lowest and highest income groups. LVT has the least

sprawl, but again this is due to a slower growth rate rather than densification.

Combining Policies

Finally, what happens when two strategies are enacted together? At one extreme, LVT x PES
pairs a 100% land tax regime with a full PES subsidy. Doing so somewhat dramatically changes

how both policies behave. In the detail of Figure 8, we see the appearance of green “islands”



as well as smaller parks spread throughout, leaving only a handful of pockets with no green

amenity access.

The population of LVT x PES is also more decentralized, with a few very high density sites far
from the city center (akin to what some call “leapfrog development”), but in Figure 7 we see
that the overall population density only breaks substantially from Baseline near the core; heavy
sprawl is not an obvious consequence. From amenity levels in Figure 4, consumption takes the
largest hit under LVT x PES among all alternatives, but the scenario departs sharply from PES
alone by producing the highest public service level. This is because both subsidies and taxes
end up capitalized into the land value, arguably creating a virtuous cycle where (1) greening
efforts draw households closer together, (2) physical closeness allows social ties to form more
easily, in turn attracting more prospective residents, (3) higher density increases potential PES
payments, (4) land values rise as well but are recaptured and distributed as public services, also

attracting new households, and so on.

Social, Economic, and Environmental Trade-Offs

The story so far has focused on well-being and equity among residents. In an interconnected
world where cities are increasingly recognized as functional parts of a global, holistic system,
policy makers are also tasked with balancing immediate local needs with environmental
implications at multiple scales and over long timeframes. While the stylized simulations | use
here do not offer a literal interpretation for real environmental metrics, several measures give
us similarly stylized insight into potential trade-offs with the third side of the “planner’s

triangle.”

First, a higher degree of “porousness,” as described above, is presumed to have positive local
ecological effects such as reducing run-off of concentrated pollutants, maintaining healthier
soils, and providing habitat for native species. Second, the overall resource utilization
“footprint” of each simulation can be compared by adding up all abstract units of capital used
in construction or redevelopment, divided by the final population. This condenses information
about compactness (since denser development requires less material per person), efficiency
over time (frequent turnover has a cost even if it improves short-term welfare), and efficiencies
of scale (a large amount of capital might be acceptable if it sustainably supports a large
population in the long run). Finally, “vehicle miles travelled” (VMTs) is often used in the real
world to account for carbon emissions and energy utilization related to transportation. As a

proxy, | calculate the total amount of round-trip travel to the city center by all residents each



period, again divided by population, which also doubles as a measure of sprawl (since it is

roughly an average weighted distance of households).

Figure 9. Resources & Efficiency
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Porousness can be compared in Figure 7, while lifetime capital intensity and travel per capita
are visualized in Figure 9. The top panel shows that, perhaps surprisingly, the most capital per
resident is exhausted under 100% PES, neck-in-neck with LVT and Baseline. Greenbelt and 50%
PES are the most efficient strategies by this measure, driven mostly by their larger populations.
A couple interesting things stand out in the bottom panel, which is shown as a percentage
difference from Baseline. There is only a small relative increase or decrease in travel patterns
for most scenarios. In contrast, 25% PES and 50% PES are polar extremes, perhaps reflecting a
threshold at which the subsidy level triggers either more compact or decentralizing growth.
More interesting is that PES x LVT passes through a phase of inefficient travel, but drops quickly

around year 40, corresponding to households filling into areas around private green space.

For households, we can combine different concerns—the value of green space versus social

ties or size of housing—into a single utility score, using weights informed by researching real



household behaviors. While we can do something similar at a city or societal scale, choosing
how to do so is a challenging exercise best performed with stakeholder input. Instead, for
simplicity | assign an index score to each scenario along two axes: environment and well-being.
For the first (on the vertical axis), | add together the percentile rank (from best to worst) of a
scenario for the three efficiency measures just described. In other words, a scenario that is best
in all three measures it would have an index of 3.0. Well-being (on the horizontal axis) is the
same but for median levels of green space, social capital, consumption, services, and overall
utility. Plotting each scenario on Figure 10 then shows its rank in both aspects at once: a policy
that fares better environmentally is higher up, one that is better for median livability is further
right. A scenario that scores very differently in each direction suggest that its benefits come

with a high cost on the other side.

Figure 10. Environmental and Amenity Tradeoff Space
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Plotting out several scenarios reveals that PES x LVT nearly leads simulated outcomes on both
fronts, though 25% PES does somewhat better environmentally at some cost to median well-
being. The centrally-planned Greenbelt also performs relatively well in both aspects. This
comparison also shows that a land value tax can be more effective when paired with other
policies; scenarios that combine a pure land tax with Greenbelt or Parks both improve on LVT

alone in terms of the well-being index, but only the former scores better environmentally.

Recommendations/Next Steps

Even the most realistic model is not a substitute for reality, and cannot capture many personal
and political factors that determine how effective a policy will be in practice. Caution is also
needed when interpreting seemingly precise output from models of complex systems. In the
spirit of Moroni (2015), rather than view the virtual experiments above as “specific predictions”

they guide us toward several key policy considerations and next steps.

The potential to unlock more efficient development through land value taxation depends in
part on minimizing supply chain constraints and other barriers. At the same time, if a policy
goal is to make a city more compact, removing taxes on structures could enable sprawl
depending on where landlords expect projects to be most profitable. The current model has
limited abilities to mimic real estate speculation or other “gaming” behavior required to see if
raising taxes on land itself would spur more intense land use. Additions to the simulation such
as financing, competition for land and construction materials, targeting specific market
segments, zoning restrictions, and depreciation of properties could point to conditions in which

land value taxation achieves more of its hypothesized effects.

On the other hand, the results re-center land value taxation as a tool to address disparities in
well-being. This invites reflection on the original motivation of proponents like Henry George
to tax land rents, and for public discourse about when to credit a place’s value to the joint
enterprise of its residents versus individuals. In the model, a land value tax can recapture profits
due to socially-created value without destroying it in the process. Judgement about what part
of land rent belongs to the commons and how it should be reallocated between services, direct
dividends, or capital reinvestments is both a technical and ethical dilemma that may be best

resolved through local participatory processes.

Land value taxation appears particularly effective when accompanied by demand-side policies

that “pull” rather than “push” what is built and where. My experiments suggest that payments



for ecosystem services is a plausible avenue for policy makers to consider in order to balance
spatial amenities with other development. Such incentives end up doubling as a vehicle to
promote lower impact land use, especially if there are compounding effects between green
space, social capital, or other features. However, the right subsidy level and how they would be
assessed are open questions, along with the relative importance of different contributors to

household well-being.

The model highlights the challenge of income segregation and the need to monitor differences
in access to amenities at a granular scale if equity is a policy goal. There are two major
extensions that support this theme. First, fleshing out the economy to link income, housing
demand, and consumption would permit analysis of disparities between worker classes (such as
knowledge work, industrial, and local service jobs) and how policies perform through economic
growth and shocks. Second, a household lifecycle in which residents can buy properties and
pass savings onto their descendants would offer a deeper look at structural gaps in wealth
accumulation and social mobility, an especially relevant topic if households were distinguished
by race. On this point, rules for social mixing could include race, age, income, or employment
sector, offering a uniquely holistic view of equity and opportunity across environmental, social,

and economic lines.



