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Introduction

• Land vacancy is a persistent phenomenon leading to socioeconomic issues

I A cost-effective anti-blight solution: vacant lot greening

• If we relax the zoning code to allow for more land options, to what extent can
we stimulate investment on vacant lots and reduce vacancy?
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This Study...

• compiles a lot-level time-to-event data set to track changes in land uses

I tracks the life cycle of a vacant lot: entry/exit of vacancy status

I extends a Samuelson-McKean real options model to multiple uses

I tests predictions through a greening program (Philadelphia LandCare)

• evaluates the impact of endowing vacant lots with the option of greening

I A vacant lot is modeled as a call option with two investment options

F “housing”: develop vacant lots into residential homes
F “greening”: convert vacant lots into gardens and reserve the option

of being redeveloped into housing
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Life Cycle of a Vacant Lot
Control vs Treatment
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Summary of Findings

• Introducing the greening option expedites initial investment on vacant lots

I Time in vacancy is reduced by about 50%

I Efficacy of vacant lot greening on investment depends on neighborhoods

• Investment on vacant lots is consistent with real options arguments

I Housing investment depends on uncertainty and growth rate

I but... greening investment shows insignificant effects

F Reduced irreversibility of initial investment plays a role
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Vacant Lot Greening: LandCare Program

• A citywide community development program in Philadelphia since 1996,

administered by the Pennsylvania Horticultural Society (PHS)

I Goal: offer a cost-effective and scalable solution to urban blight

I Status quo: 12,000+ lots greened (>10 Mn sq.ft.); 400/year added;

• Vacant lot greening creates amenity value

I increased property values; stress reduction & health improvement;
decreased crime, violence & drug possession; urban heat mitigation

• Greened lots are intended to be temporary by design, reserving the

redevelopment option

I 10-15% redeveloped into housing, commercials, or permanent green space
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“Clean and Green” Remediation

• remove trash and debris

• grade the land

• plant grass and some trees

• install low wooden post-and-rail fences around lot’s perimeter

• Cost involves installation ($1/sq.ft) and routine maintenance ($350/year)

I A typical lot (1,000 sq.ft.) incurs $400/year (at 5% discount rate)
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Where Does Investment Occur?
Greening vs Housing

• Greened lots are more concentrated in less favorable areas

I Higher uncertainty, lower price & growth, lower income, higher vacancy

• Vacant lots selected for greening differ from those developed into housing

I Selection adjustment: propensity score matching based on block group
attributes to create a matched sample
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Land as a Perpetual Call Option
Land Value & Hurdle Value (Samuelson-McKean Framework)
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• Land value C(V ) depends on the price level of housing V

• Hurdle value V ∗

0 is the min price level of housing investment
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Land as a Perpetual Call Option
Control vs Treatment
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• Treatment: relax zoning code by endowing vacant lots with the greening option

• With treatment, a new regime of exercising the greening option arises
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Land as a Perpetual Call Option
Control vs Treatment
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• With treatment, hurdle value decreases and investment arrives sooner
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Identify Real Options Effects
Price-based vs Time-based Approach
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(a) Examine Price Variation
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(b) Explore Time Variation

• Time-based approach makes analyzing a larger set of land investment possible,
including those without land transfers and observed prices
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How Timing of Investment is Measured

• Compile a lot-level dataset (2009-19) to track land use changes in Philadelphia

I Vacant Lots from code violation data records entry of vacancy status

F Focus on lots subject to vacancy violation w/o housing structure

I Greened Lots in the LandCare program records exit of vacancy status

F Focus on private lots to rule out the landownership impact

I Housing Lots from building permit data records exit of vacancy status

F Lots receiving construction permits on erecting an entire structure

• Focus on privately owned vacant lots to rule out the impact of landownership
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Timing of Investment: Housing vs Greening

• Shorter investment timing for vacant lots treated with greening options

I Housing: 2.2 Years vs Greening: 1.4 years
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Model Investment Timing of Vacant Lots
AFT Survival Model

• Estimate an accelerated failure time (AFT) survival model

ln(Tiq) =

[

θ0 +θσ1lnσ
2
V,j(i) +θp1E[pj(i)] +θr1rV,j(i)

+θσ2(lnσ
2
V,j(i))

2 +θp2(E[pj(i)])
2 +θr2(rV,j(i))

2

]

+X
B
i ΠB + τyear(q) + viq

I Tiq is timing of investment of lot i developed in quarterly date q

I Uncertainty lnσ2
V,j(i), price level E[pj(i)], growth rate rV,j(i)

I Block-group attributes from ACS data in XB
i (household income,

black/Hispanic share, vacancy rate, population)

I Investment year fixed effects τyear(q) capture time-varying financing cost

• Error term viq depends on the survival distribution assumption

I exponential, Weibull, log normal (best), generalized Gamma
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Real Options Variables (1/2)
Uncertainty, Price Level, Growth Rate

• Built on Cunningham (2007), I create a panel of quality-adjusted price index

ln(Pijq) = X
H
ijqBjq +

7
∑

t=0

τq−t + εijq, for q − 7 ≤ q̂(i) ≤ q

I Pijq is the price of sale i in ZIP code j in quarter date q

I XH
ijq is housing attributes; τq is the quarterly-date fixed effects

I A regression use sales within an 8-quarter rolling window

• Using Zillow’s housing sales data from 2001Q4 to 2019Q2 in Philadelphia,
3,266 price equations are estimated (71 quarters·46 ZIP codes)
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Real Options Variables (2/2)
Uncertainty, Price Level, Growth Rate

• Estimate a price index model, evaluated at average attributes by ZIP code

pjq = β0j + β1jpj,q−4 + ejq, where pjq ≡ X̄
H
j B̂jq + τ̂q

I Uncertainty is the four-quarter average of the squared deviation of
prediction errors from the local mean

σ
2
V,jq ≡

1

4

4
∑

t=1

(êj,q−t−ējq)
2
, êj,q−t ≡ pjq−β̂0j−β̂1jpj,q−4, ējq ≡

1

4

4
∑

t=1

êj,q−t

I Price level is the one-year-ahead predicted log price

E[pj,q+4] ≡ β̂0j + β̂1jpj,q

I Price growth is the real price growth rate from a year ago

rV,jq ≡ pjq − pj,q−4
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Testable Hypotheses

• Hypothesis 1: Vacant lot investment would occur sooner, if

I uncertainty decreases; price level increases; growth rate increases

• Hypothesis 2: Timing of greening investment occurs sooner than that of

housing investment

I The greening option reduces irreversibility of initial investment

• Hypothesis 3: Compared to housing, greening is associated with

I a less positive (less sensitive) effect of uncertainty on investment timing

I the same effect of price level

I a less negative (less sensitive) effect of growth rate
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Timing of housing investment is consistent with

predictions on uncertainty and growth rate
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Endowing vacant lots with the greening option

lowers investment timing by 50%
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Greening shows weakened real options effects

than housing
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Time in vacancy matters to Investment Hazard

• Time in vacancy (or timing of investment) is a state variable

• Hazard ratio is comparable to average treatment on the treated (ATET)

• With the greening option, investment hazard increases by 80%
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Neighborhood Attributes Matter
Uncertainty and Growth Rate

• Greater hazard ratios in high-uncertainty and low-growth neighborhoods ⇒
stronger treatment effects
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Neighborhood Attributes Matter
Household Income and Vacancy

• Greater hazard ratios in moderately lower household income and high-vacancy
neighborhoods ⇒ stronger treatment effects
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Final Remarks

• Vacant lot greening can reduce land vacancy through a real options channel

I Relaxing zoning code can create community value

I I do not find support for the alternative explanation that greening
reduces vacancy by stimulating housing investment nearby

• Neighborhood attributes matter to the efficacy of the program, suggesting

rooms for efficiency improvement

I This matters a lot to a city like Philadelphia, due to limited budget for
community development (2− 3 Million dollars/year)

I The community development model can benefit other legacy cities, such
as Baltimore, Detroit, Cleveland, etc.
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Thank You!

Desen Lin

California State University, Fullerton

Department of Finance

desenlin@fullerton.edu

www.desenlin.com
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