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KENDALL SQUARE NOW

an assessment of the current state of kendall population

whose commute is generating the most CO2?



Challenge

how to attract people who are now commuting to live in kendall square?
how to provide necessary living space for those who are commuting?

how to provide affordable housing for those who commute to kendall
square and cannot afford to live in kendall square?



Research Question

what is the most impactful way to reduce CO?2 with live-work symmetry in kendall square!?



Findings MAS.552 City Science

43,000 total workers in Kendall Square

Commuting Mode Split*

. Drove Alone . Public Transit Bicycle
. Walked Carpool Other
" Worked at Home

I S 7~ [ o
40% (drove alone) + 33% (public transit) + 6% (carpool) = 79% target population (CO2 emission) or 33,970 workers

Annual Household Income by Means of Transportation and Number of Workers’

g °% 20000 commuting Mode Choice Aprox. 41% (17,630 workers) - $150k or more a aprox. 50% driving alone; 28% public transit
) 4 ws Percent Taking Public Transit o _ _ . © .. - . .
8 16000 g Aprox. 14% (6,020 workers) - $125k — 149k a aprox. 45% driving alone; 30% public transit
g o T w——hocten: Lriviog Ao Aprox. 13% (5,590 workers) - $100k — 124k 4 aprox. 42% driving alone; 32% public transit
E ‘ o Farownt Eoycing Aprox. 12% (5,160 workers) - $75k — 99k a aprox. 33% driving alone; 44% public transit
£ 0% ‘ | a2 e=samTining Aprox. 12% (5,160 workers) - $50k — 74k a aprox. 30% driving alone; 44% public transit
E - ' dgbos -2  Number of Workers Aprox. 5% (2,150 workers) - $25k — 49k a aprox. 23% driving alone; 50% public transit
H =i — i { mem Workers in Income Bracket o . o . o X X
o —— : = Aprox. 2% (860 workers) - less tan $25k a aprox. 28% driving alone; 50% public transit
0% —————— r —————— 0

Lessthan $25K- $S50K- $75K- S$100K- $125K- $150K or
$25K 49K 74K 99K 124K 149K more
Annual Household Income

40% (drove alone) = 17,200 workers (8,815 - $150k or more; 2,709 - $125k — 149k; 2,348 - $100k — 124k; 1,703 - $75k — 99k; 1,548 - $50k — 74k ; 494 - $25k — 49k; 241 - less tan $25k)

Source: Unless noted otherwise, all data on this page derive from LEHD OnTheMap origin-destination analysis, current as of 2017. .
| 1 Data derived from Census Transportation Planning Products, based on 2012 2016 5-year American Community Survey estimates. Live-Work S)’mmetry



Findings

‘n Kendall Square
Top Employer Industries — in Kendall $qu

. Professional, Scientific . Educational Services
& Technical Services

. Information - Mgmt. of Companies
& Enterprises

. Manufacturing . Accommodation

- All Others & Food Services

JZHIE

Worker/Student in Cambridge

mWorking in
Cambridge - 72%

-

= Neither Worker nor
Student in
Cambridge - 21%

u Student in
Cambridge - 4%

Both working or
student - 3%

HOUSEHOLDS —

TOTAL

Households
1 Person
2 Person

3+ Person

Average HH
Size

Source: Unless noted otherwise, all data on this page derive from LEHD OnTheMap origin-destination analysis, current as of 2017.
| Data derived from Census Transportation Planning Products, based on 2012 2016 5-year American Community Survey estimates.

Source: Community Development Department calculations are based on data from ESRI Community Analyst Tool which forecasts data from the U.S. Census Bureau.Additional data comes from

the MBTA and data gathered by Community Development Department.s.

Source: Data derived from Cambridge Community Development Department, Economic Development Division, December 201 |, Kendall Square Customer Intercept Survey Summary Report

in Kendall Square
3,564 14,687
33% 38%
35% 35%
32% 27%
2.21 213

Age in Cambridge

31%

u15-19

520-24 -

25-34 -

m35-44 -

m45.54 -

5564 -

u65-74

n75-84

-1%

15%

31%

21%

16%

13%

-3%

- 1%

=85+ <1%
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Scenarios

| s scenario - 33,970 workers

> higher emission of CO2

2n scenario - 17,200 workers

-> incentivize the use of public transportation

3r'd scenario - 8,944 workers

> age more likely to move

4th scenario - 7,200 workers

-> assumption given Kendall’s industries

43,000

(Total number of workers in Kendall

Square)

33,970

(40% drove alone + 33% public
transit + 6% carpool = 79% target

population (CO2 emission))

17,200

(40% drove alone)

8,944

(52% from age 25-44 years
old)

~7,200

6,260.80

(70% of those who
cannot work at home 2x
a week) +

1,000

(new population that

will need to move to
Kendall Square due to
new created amenities)

MAS.552 City Science
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Simulations ently - 43,000 workers MAS.552 City Science

VEHICLES POPULATION IN TOTAL ENERGY OPERATIONAL ENERGY

| KENDALL COMMUTERS Improvement Index Mvh ENERGY TOTAL T-CO2 IMPROYEMENT %
o v r v v r

whytrid
10265 42043

mekcric

MA ENERGY MIX

LS

2
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BPEV (Lightweight moblity ldelivery) o%
wbke Kendall Square Energy Production needed (MWh) Kendall Square CO2 Production (TCO2) o
mwak
o Dpublic ransit %
0%

DELIVERY /-ms
—
%

OLongdistance Feight

mCommecial Vehicle

mTrucks and SUVE
=Mcter Gascline exel. Ethanol = Distllate F usl Oil
Other Petrokum =Codl

Natral Gas «Nuclear Eleciric Power
= Hydmekeetric Powsr =Biomass

Other Renewables =PVe Wird
=N.gas + CO2 Capture Micronuclear (Vinei)
=NuScale (12 medues) SMR Westinghouse

OPEV (Lightweight
mabilityidelivery)

HOUSING =Fusicn SPARC
wSingk Famiy Agregated Enviromental Impacts. Projection
wLarge
w Medium
=Small s 2020 m22 226 2026 2028 030 a
i 2018 2120 m2 024 2028 228
HRohfia BF: & Energy-Embodied -Vehicles mEnergy-operaonal Vehicles ®CO2-Grid from electric Vehides uCO2-Embodied -Vehicles
wRobotie L s Energy-operafional -Houses Energy-Embodied -Houses = CO2-operational Vehicles = CO2-Embodied -Hou se:
. = Energy-Operafional -Comercial buikiing = Energy-Embodied-Comerdial building CO2-Operational-House: -COZ-Embodied-Comerual building
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wRobotic S = Energy-Embodied-Water&Sanitation + Food = Energy-Operafional-Water&Sanitation + Food = CO2-operational -Delivery uCO02- 0peranona¥Waler&Sani\aﬁon +Food
mCO2-Operational-Water&Sanitaion + Food 2015 2018 2017 2018 2020 2022 2024 2028 2028 2030
REDUCTION OF THE CONSUMPTION @Pmjected  gReduction
Building Retrofitting Hybrid Work % of electric vehicles Live Work Symmetry Lightweight mobility/delivery = Walkable amenities Compact Buildings Local resources COMMUNITY PEFORMANCE
Retrol g: Bui Day's Electric People living Autonomous ‘Walkable Transformable Local production
Insulation, Low-e workiag at 0 transition. and working in a micro mobility. district. housing and of Food, Water,
windows, HVAC bome Incentivise policies walkable Incent Incentivise policies office. 60% Sanitation.
System, Waste — to persuade all the distance. lightweight to have all the reduction of space Incentivise local & Emboded Veheim
disposal, Light, e Ls 9 :. 0 car drivers to switch Incentivise living autonomous amenities needed by transforming the production and local 100 <
Construction, Solar home from Gas to Electric and working on a electric vehicles as on a walkable indoor spaces consumption of ——cer <
thermal, into LEED cars walk ahla dictanca the main mode for distance annds< nradusts oot Ecomamee = Opwest sl Houms
- - = —_ - - - - ECONOMIC
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Sustainability (KPIs) o v Local Energy Production i o 3
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o% Clean energy 7% of the Tkm2 Energy nesd s coversd Locally’
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i developed by clean energy 100% a0 so% <o 204 o 0% 0% oo 0% 100%
=% - : = = : e — raT— £ 0. Watars Yantabon + Food
40% - latural gas witl licro nuclear - luclear fusion
S PY Solar « Wind €02 Capture reactor - ¥inci NuScale SMR Westinghouse SPARC [ S
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Simulations

scenario - move 7,200 workers

MAS.552 City Science

Building Retrofitting
Retrofitting: Building
Insulation, Low-e
windows, HVAC
System, Waste
disposal, Light,
Construction, Solar
thermal, into LEED

Sustainability (KPls)

VEHICLES

mekcyic
TPEV (Lightweight moblity delivery)
mbke
mwak
Dpublc yaneit

DELIVERY
OLong-distance Feight
mCommecidl Vehice

mTrucks and SUVe

POPULATION IN
KENDALL

16527

COMMUTERS

35781

Kendall Square Energy Productionjneeded (MWh

TOTAL ENERGY
MVh

1320

OPERATIONAL
ENERGY

v r

961

TOTAL T-CO2

410

ENERGY
IMPROYEMENT >
v

61

Kendall Square CO2 Production (TCO2)

IMPROYEMENT % MA ENERGY MiX

:ﬁ )

=Mcter Gasdine excl. Ethanol

=Distillate Fuel Ol

OPEV (Lightweight Other Petrokum wCoal
mabilityideivery) Natiral Gae «Nuciear Eleciric Power
= Hydmelcric Power =Bimass
Other Renewables =PVe Wird
aN-gaz + CO2 Capture Micronuclear (Vire)
«NuScale (12 medues) SMR Westinghouse
HOUSING =Fusion SPARC
wSingk Famiy Agregated Enviromental Impacts. Projection
wlarge
Medium
wSnall ms 2020 2 e 2026 2028 030 a
) 2018 20 2 2026 218 0
. ' Energy-Embodied -Vehicles mEnergy-operatonal -Veﬂcles wC02-Grid from electric Vehides uCO2-Embodied -Vehicles
wRobotic L Energy-operational -Houses Energy-Embodied -H =CO2-operational -Vehicles =C0O2-Embodied -Houses
= Energy-Operational -Comerdial buiding = Eﬂe@Y-EMWMCWamﬂl building CO2-Operational-Houses =CO2-Embodi led-Comerual building
SRoboticM s Energy-Embodied-Delivery ' Energy-Operasional -Delivery = CO2-operational -Comercial building = CO2-Embodied-Deliv
wRobotic S = Energy-Embodiad-Water&Sanitation + Food = Energy-Operatonal-Water&Sanitation + Food = CO2-operational -Delive: " COZ—Operz(mna)-Waler&Samlanun +Food
wCO2-Operational-Water&Sanitaton + Food 2015 2016 2017 2008 2020 2022 2024 2026 2028 200
REDUCTION OF THE CONSUMPTION @Prjected  @Reduction
Hybrid Work % of electric vehicles Live Work Symmetry Lightweight mobility/delivery Local resources COMMUNITY PEFORMANCE
Day's Electric People living Autonomous Walkable Transformable Local production
workiag at 0 and working in a micro mobility. district. housing and of Food, Water,
bowe policies walkable Incentivise Incentivise policies office. 60x% Sanitation.
A to persuade all the distance. lightweight to have all the reduction of space Incentivise local A i S
sh,‘;’., ':. 0 car drivers to switch Incentivise living autonomous amenities needed by transforming the production and local 5 =
g from Gas to Electric and working on a electric vehicles as on a walkable indoor spaces consumption of = g T
cars wmalk ahla dictanca the main mode for distance annds nraducts Locai Bcomomec E. Operstonul Houms
- = — - - - ECONOMIC
[ — & Embodm Dy
¥ Local Energy Production
100%
s Energy Export [o— ONMENTAR Opstornst debvary
% Clean energy % of the Tkm2 Energy nesd s coversd LocaNyY
™™ CLEAN PRODUCTION can be land occupied h i R T
7 developed by clean energy q00%  aow s0% a0 20% o 20% 0% e 2% 100%
=% - - = = - T [E—— [ ————
0% - Wil atural gas witl icro nuclear - luclear fusion
g PY Solar « Wind €02 Capture reactor - ¥inci NuScale SMR Vestinghouse SPARC R I
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SOCIAL
= [do | "T“'”_In | Modutes:|o | Meduelq | Modules:| 0 Modales: e AR SR e

% of deplogment of
solar panels and

Number of gas
power plant

Number of micro
nuclear fission

Number of NuScale
fission modules

Number of SMR
fission modules

Number of fusion
nuclear (SPARC)

s BOACHMATK
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Simulations scenario - move 17,200 workers MAS.552 City Science

VEHICLES POPULATION IN TOTAL ENERGY OPERATIONAL ENERGY €02
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DELIVERY 4000 4/[1‘
DOLong-distance keight e =
o —
mCommecia Vetide b
1500
Trucks and SUVe 000 §
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Other Renewables. wPVe Wind
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windows, HYAC home P walkable Incentivise Incentivise policies office. 60% Sanitation.
System, Waste to persuade all distance. lightweight to have all the reduction of space Incentivise local E. Embodmd Veneim
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Construction, Solar home from Gas to Electric and working on a electric vehicles as on a walkable indoor spaces consumption of bt g
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Carbon footprint weight

all ages
0-24
25-34
35-45
45+

all ages
0-24
25-34
35-45
45+

100.00%
16.00%
31.00%
21.00%
32.00%

Average Carbon
Total Carbon

100.00%
16.00%
31.00%
21.00%
32.00%

total drive alone public transit bicycle walk carpool
100.00% 40.00% 33.00% 7.00% 14.00% 6.00%
43,000 17,200 14,190 3,010 6,020 2,580
6880 2752 2270 482 963 413
13330 5332 4399 933 1866 800
9030 3612 2980 632 1264 542
13760 5504 4541 963 1926 826
23750 35.00 0.00 0.00 79.17
4085000 486650 o o 204250
logic for carbon aver.age of large car, light rail no carbon no carbon car average divided by 3
estimate: medium car
total drive alone public transit bicycle walk carpool
85.35% 10.38% 0.00% 0.00% 4.27%
43,000 36,703 4,462 0 0 1,835
6880 5872 714 0 0 294
13330 11378 1383 0 0 569
9030 7708 937 0 0 385
13760 11745 1428 0 0 587
commuters 25-45
actual drivers: B4
commuters 25-45
weighted 19085

equivalent drivers:

MAS.552 City Science

33,970

Total Carbon 4785900
Divided by people: 140.886
Ca

tprint of travel per kilometer, 2018 -

Live-Work Symmetry



MOBILITY DECISION

how do we most efficiently intervene to influence mobility decisions to drive migration

towards live work balance



MIGRATION MOTIVATION

Analyze the mobility decision making process

Apply the effects of Lifetime Mobility Profiles on urban
housing tenure (simulated with anagent based model)

Research age and family size profiles in existing high
density live-work balanced communities

Propose Design/Policy/Development interventions
that target high leverage segments of the Lifetime
Mobility Profile



Reuse

What happens to the
buildings, structures
infrastructure left
behind by the
[migration?

Resiliency

How does living at
|this density impact
|community

[resilience?

Existing commutnity

What would need to
be true for the
existing kendall
community to choose
this higher density
|option?

Adjacencies

How does the density
effect the immediately
adjacent areas?

Externalities
and effects

Live/work
Balance

Decision Making

Counterfactual
community

Is there some other
community that would
select density?

Why? What would
need to be true for
kendall to become
that community?

This change solves
the daily commute.
What about
commutes or travel

routines at different

time scales? Weekly
or monthly commute?

Gradients

{We are calculating
the effects of zero
commute. Could we
parameterize
live/work mixing to
look at gradients of
density/mixing

Patterns and

Behavior

Amenity as Driver

We are operating with
the assumption that
work drives
commutes. If there is
a long term transition
to remote work,
perhaps some other
amenity or service
becomes primary
driver?




FIGURE 1 Typical age profile of migration and key life-course transitions

Labor force entry
Partnership formation

First childbearing

Job change

Higher education

: Children leave home
entry and exit

Migration intensity

| | | | | | | |

0 10 20 30 40 50 60 70 80 920
Age

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



FIGURE 1 Typical age profile of migration and key life-course transitions

Partnership formation
First childbearing

Job change

High@r education
entr@and exit

Moths to a flame...
Easy to attract, low -

- ve 10 msttutions
return in terms of —_/
resident years

| | | | | |

30 40 50 60 70 80 920
Age

Migration intensity

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



Higher education

P hildren leave home
entry and exit

m intensity

Rooted Trees...
too costly to move

Retirement Move 1o institutiorg

90

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



FIGURE 1 Typical age p, migration and key life-course transitions

Labor force entry
ip formation

Higher education
entry and exit

Migration intensity

| | | | |
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Age

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



FIGURE 1 Typical age p

lLabor torce (ﬂ]l\
Likelihood . orimation
resident W|!_.l
o move away sooh Nldbearing
g J@ change
Z tigher cduca'lmn Children leave home
= | entry and exit {
= Incent;ve / ‘
e needed to; get
g / T e "\\. //-
~— -
‘ | | | | ‘
0 10 20 40 50 GO 70 30 90
J:\:\:(‘

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



Mobility
decisions

1

choice set
formation

\ & )

interventions

b. Behavioral model underlying choice set formation models

All Possible
Alternatives

Evaluation and Choice

Choice Set
Formation

Considered Alternatives e

Alternative

Fig. 1.
Contrasting conventional choice models with choice set formation models

Bruch E, Swait J. Choice Set Formation in Residential Mobility and Its Implications for Segregation Dynamics. Demography. 2019 Oct;56(5):1665-1692. doi:
10.1007/s13524-019-00810-5. PMID: 31435838; PMCID: PMC6800645.



Causality/sequencing is complex...

decisions can be caused by the anticipation of future events

Time ago event Current Time future event
I
|
I
increase ! decrease
Household | | | l’ | | | + | | I ¢
structure | | L ; \‘~\| l |/,"' k) | |
2000 T~ 2012 2013 2016
/ >Z \
f -~ -~ | \
f‘ //_. > ~ | .A'
f/ /"/ ™~ \
Sy g - | Yoy X3 ¥
acquisition, - , S disposal
n { -~ S
Car ownership i i r i i i i i 1 i i t
I
2008 2012 2014
|
|

Figure 1. Relationships between household structure events and car ownership events.

Transportation Research Record 2018, Vol. 2672(47) 159—170 National Academy of Sciences: Transportation Research Board 2018 Article reuse guidelines:
sagepub.com/journals-permissions DOI: 10.1177/0361198118777604journals.sagepub.com/home/trr



FIGURE 3 Proximate determinants of migration age profiles

Contextual e Proximate | Migration
factors i determinants outcome
Intervention
targets Life-course transitions

* Entry into education

focused on

Social » Education completion

Economic  Labor force entry
Migration age
Demographic * Union formation g- 8
profiles
Religious " Diyorce
* Children’s departure
N * Retirement
I 7
~ -,
SN~ -

- e am == -

Bernard, Aude & Bell, Martin & Charles-Edwards, Elin. (2014). Life-Course Transitions and the Age Profile of Internal Migration. Population and Development Review. 40.
10.1111/j.1728-4457.2014.00671 .x.



EXPERIMENT

Simple economic disparity model as a base -- agents
are moving around within a changing value landscape

Adding age and mobility-threshold preference to
agent characteristics, using weibull function to model
mobility-threshold-profile

Adding age target as input to services providing value
to agents unevenly

Reporting average tenure generated by services



FIGURE 1 Typical age profile of migration and key life-

course transitions

Labor force entry
Partnership formation

First childbearing

Job change

Higher education

A Children leave home
entry and exit

Migration intensity

Retirement

Move to institutions

30 40 50 60

f(t; v, a)

90

https://byjus.com/maths/weibull-distribution/




, Simulated residential migration profile

to-report weibull [ wx ]
let gamma 2
letwy (2.2* (gamma/2)*((wx*3)*(gamma-1)))*(exp(-((wx*3)*gamma)))
report wy

end

f(t; v, o)

https://byjus.com/maths/weibull-distribution/



MOBILITY DECISION PROCESS

Agent compares fitness of current Benefit of service is scaled ’
A : 3 PARAM:
locations to best available based on distance between :
e : ; . —D ; benefit of
alternative locations including agent age and service target

” . movin
distance to service age 9

benefit of moving compared with
rootedness. if exceeds, agent
moves to the new location

PARAM:
rootedness

Age is transformed into rootedness
score using weibull function



https://lucid.app/documents/edit/cfcbb236-5edf-4084-941e-fe1ccc69f698/1?callback=close&name=slides&callback_type=back&v=2965&s=711.988157480315

;;compare the current location to the best move

let cl [ patch-utility-for-rich ] of patch-here

let nl [ patch-utility-for-rich ] of best-candidate

let improvement (nl-cl)/cl

;weight the perceived improment based on its appeal to a certain age group by getting difference betwee agent age and target
let age-alignment (abs (AGE-TARGET-FOR-SERVICE - (ticks - birth )) ) / LIFESPAN
let age-improvement improvement * age-alignment

set age-improvement (age-improvement * churn) ;;increase overall movement

;compare the perceived benefit of moving to the rootedness of the agent
ifelse age-improvement > move-threshold

[

set see-better true;

Il

set see-better false;

]

Agent compares fitness of current
locations to best available
alternative locations including
distance to service

Benefit of service is scaled
based on distance between
agent age and service target
age

Age is transformed into rootedness
score using weibull function

PARAM:
benefit of
moving

PARAM:
rootedness

benefit of moving compared with
rootedness. if exceeds, agent
moves to the new location



https://lucid.app/documents/edit/cfcbb236-5edf-4084-941e-fe1ccc69f698/1?callback=close&name=slides&callback_type=back&v=2965&s=711.988157480315

AGE-TARGETED SERVICE | AVERAGE TENURE

’ setup ” go J’ go-onc
‘ setup ” go ._,.J‘ go-once | I' =
= [
IEE—— — lifespan 100
lifespan 100
‘ age-target-for-service 100 age-target-for-service 20

population || Tenure population || Tenure
550 15.9 550 213




setup 90 go-once
SERVICES BATTLE e —
population || Tenure
190 11.2 ’
Average age and tenure - | ’ . {
100 Average Tenure n
[ average age “ " ™
Starting point lots of =
. H*
available space .
0 time 500
Job Histogram
105 M job|
Age-profile
targeting clearly ———
working
0 —
=05 1.5
I ——
Churn 3.00




SERVICES BATTLE

Mature city, few
“better” locations
available

supply in-elasticity
problem

Age-profile

targeting failing

‘ setup ” go d

go-once

lifespan

———
99

population || Tenure
500 14
Average age and tenure
100 [l Average Tenure

D average age

0 time 500
Job Histogram
270 M job
/
0
-0.5 155

Churn

I
3.00




DEVELOPMENT GUIDANCE

decentralized autonomous organization managing real estate ibuying system



Target high impact age bracket

Amenity Inventives can target anticipated/future
INTERVENTION

benefits

Price is still the greatest barrier to entry




Demand Inelastic to price due to long term
mortgages and belief in appreciation

PRICE = BROKEN
MARKET DYNAMICS

Location scarcity do to unresponsive development
creates supply inelasticity




Total Home Equity in Owner-Occupied Housing

SCOPE OF PRICING DYSFUNCTION
CONCERNED ABOUT INFLATION? /

$20

$15 Housing wealth grew
even faster starting

in 2020, as home

prices soared.

$1.8 Trillion

COVID stimulus $ 6 Trillion
to individuals

Equity gains for
homeowners 2020-2022

Parlapiano, Solomon, Ngo and CowleyMarch Where $5 Trillion in Pandemic Stimulus Money Went, 11, 2022
https://www.nytimes.com/interactive/2022/03/11/us/how-covid-stimulus-money-was-spent.html

Badger, Bui. The Extraordinary Wealth Created by the Pandemic Housing Market, May 1, 2022
https://www.nytimes.com/2022/05/01/upshot/pandemic-housing-market-wealth.html?smid=url-share



https://www.nytimes.com/interactive/2022/03/11/us/how-covid-stimulus-money-was-spent.html
https://www.nytimes.com/2022/05/01/upshot/pandemic-housing-market-wealth.html?smid=url-share

DEMAND IN-ELASTICITY TO

PRICE
Demand
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https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/1?callback=close&name=slides&callback_type=back&v=1805&s=517.8778582677165

DEMAND IN-ELASTICITY

TO PRICE +
+
Demand anticipated
capital gains
|
\ DEMAND i +
\
-
i
/'
SUPPLY



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/1?callback=close&name=slides&callback_type=back&v=1805&s=517.8778582677165

DEMAND IN-ELASTICITY - +

TO PRICE
Demand projected
capital gains
based on
past
——+ Perceived
IVIAIND 8
s JI;( _— opportunity
cost
V.
/
y.d ez
/ mortgage Beltl_ef md
7 , availability contnue
SUPPLY e— appreciation



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/1?callback=close&name=slides&callback_type=back&v=1805&s=536.1278740157479

INTERVENTIONS:
Price Elasticity of Demand

Reduce reliance on future capital gains through high
percentage municipal gains tax

Redistribute community equity (appreciation should
benefit all residents, not just those that can get
mortgages)

Create Price floor with iBuying program, reducing
risk



SUPPLY IN-ELASTICITY
TO PRICE

Development

PPLY

(7p]



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/2?callback=close&name=slides&callback_type=back&v=1805&s=371.52368503937015

SUPPLY IN-ELASTICITY

TO PRICE , +
Risk of
predicting ——
future demand volatility
+
: Development +
- - T
Minimum 5 | :
project size to evelopmen
offset risks
S EMAND +
\‘ - . +
e financing

timeline

financing

and regulatory

context

|
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SUPPLY IN-ELASTICITY

TO PRICE , +
Risk of
predicting ——
future demand volatility
Development
- T+
Minimum Byl :
project size to evelopmen
offset risks
S EMAND +
\‘ - . +
e financing

timeline

financing

and regulatory

context

|



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/2?callback=close&name=slides&callback_type=back&v=1805&s=371.52368503937015

Impact of Minimum Project Size

Impact of price elasticity of Demand

TESTING EFFECTS

SIMPLE SYSTEM DYNAMICS MODEL
Impact of price elasticity of Supply

Impact of Delayed Supply Response




SIMPLIFIED SYSTEM
DYNAMICS MODEL
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attractiveness

\ s -
’ -
AN \ % P
S \ ’ T
S -
) -ulgr‘ n_in
S P . 0~
N p ~ ~
~
» ’ \\ \\
N g ~ S~
N P 8 I
A _-\t—— \\

entering
market >

:rnjé} on_oufﬁ

7’
4
deve;eﬁnerﬁ P construction [==
/7 N
4 Y

’ Y

’ N\
4 Y
4 N

1
1
1

construction
delay

demolition $ s



SIMPLIFIED SYSTEM
DYNAMICS MODEL

Speed of migration

trough the iy Shum) | S

. - . b igrati Value: 2
Desirability of city (growth) — e ) alue: 20
attractiveness Value: 1.58
Price sensitivity — price sensitivity Value: 0.6
min_units Value: 1

construction_cost_threshold Value: 0.1

Supply elasticity:

Minimum project size
Profitability threshold
Construction time to market

construction delay Value: 1



SIMPLIFIED SYSTEM
DYNAMICS MODEL

Available dwellings
\ Dependent Variables

Delayed price available units Value: ([units]-[residents])/[units]
response (1 cycle) > percieved_available Value: Delay([price_ratio],1, 1)-[available units]

/ price_ratio Value: [percieved_available]
Price (normalized)



SIMPLIFIED SYSTEM
DYNAMICS MODEL

Unit removal
rate

Rate of
construction

Delay of
construction

Residents
moving in
and out

Model Flows

\ demolition
development
—— entering market

migration_in

migration_out

Rate
Rate
Rate
Rate
Rate

: Round([units]*.01)

: (Floor(([price_ratio]-[construction_cost_threshold])/[min_units])*[min_units])
: Delay([construction], [construction delay], 0)

: [base_migration]*(1/([price_ratio]*[price sensitivity]))*[attractiveness]

: [base_migration]*([price_ratio]*[price sensitivity])*(1/[attractiveness])



price, units and residents

SIMPLIFIED SYSTEM base_migration Value: 20

DYNAMICS MODEL | INITIAL attractiveness Value: 1.58

price sensitivity Value: 0.1

min_units Value: 10

®price  @units @ residents

4,200 construction_cost_threshold Value: 2.7
4,000 1

3,800 1
3,600 1
3,400 A
3,200 A
3,000
2,800 A
2,600 A
2,400 A
2,200 A
2,000 A
1,800 A

construction delay Value: 3

1,600 4
1,400 4
1,200 ~
1,000 A
800 1
600 A
400 A

200 A
0

02 46 810 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150
Time (Years)



price, units and residents

SIMPLIFIED SYSTEM

base_migration Value: 20

DYNAMICS MODEL | INTERVENTION attractiveness Value: 1.58

price sensitivity Value: 0.6

®pice  @units | ® residents min_units Value: 1
4,200 -

AT construction_cost_threshold Value: 0.1

3,800 | construction delay Value: 1
3,600 A
3,400 A
3,200 A
3,000 A
2,800 A
2,600 A
2,400 A
2,200 A
2,000 A
1,800 ~
1,600
1,400 A
1,200 A
1,000 4
800 A
600 A

Time (Years)



price, units and residents

SIMPLIFIED SYSTEM base_migration Value: 20

DYNAMICS MODEL | INITIAL attractiveness Value: 1.58

price sensitivity Value: 0.1
®price  @units @ residents min—units value: 10
4,200 ; construction_cost_threshold Value: 2.7

4,000 A
3,800 A
3,600 1
3,400 A
3,200 A
3,000 A
2,800 A
2,600 A
2,400 A
2,200 A

o0 Crazy Price Crazy Price
1,800 - Growth Growth

1,600 A
1,400
1,200 A
1,000 +
800 A :
0 | Empty units
400 A
200 A

construction delay Value: 3

Time (Years)



INTERVENTIONS:
RESPONSIVE DEVELOPMENT

Reduce development risk with Municipal iBuying

Align development with community needs with
C.A.O. tokenized incentive system

Reduce minimum development scale with
standardized vertical structure and vertical
circulation

Reduce development delay for approvals/financing



Community autonomous organization managing a
community based Real Estate Investment Fund

Local investment promotes informed investing and
aligned values

Blockchain based system allows fluid exchange
between different types and quantities of value

Blockchain based decision-making allows fluid
information exchange informing systems of value
exchange

Precedents:
crowd based real estate fund
https://www.crowdstreet.com/
DAO value exchange system
https://app.klimadao.finance/



https://www.crowdstreet.com/
https://app.klimadao.finance/

Owners

(live/work)

G.TokenS e

voting on
rules

~——_]

CaPita g

E.Tokens

Capital™ :

iBuyer
Utilization

Real Estate Taxes

3

Rules Ledger
Record of CAO rules

Governance Ledger
Record of G.Token
Creation and exchange

Equity Ledger
Record of E.Token
creation and exchange

—=and services

Estate Ledger
Record of ownership

Low demand stock

\

A

Capital
Gains
Financing

Developers

__E.Tokens

Real Estate
Supply

vertical
infrastructure

Transactions>



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

Residents

Real Estate Taxes

\

Owners
esidents

(live/work)

G.Tokens— |Rules Ledge
voting on Record of C/

rules
\» Governance

/\ Record of G|

Creation and

All Real Estate is taxes at an elevated rate to
directly fund the CAO, with rates adjusted for
assessed per/sqgft and for prosocial program as
determined by the Rules ledger

Full Residents (that live and work) accrue
Governance tokens each year. Governance
tokens represent voting shares and can be
exchanged earned or forfeited as determined by the
rules ledger

Full residents determine the rules of the CAO, in
particular determining systems of token exchange
and distribution. Full residents transfer or forfeit
their tokens upon migration or death per the rules
ledger


https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720
https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

Development

CAO incentivizes prosocial development by
distributing E.Tokens, backed by ownership shares
in the CAO

te Taxes

3

Developers

__E.Tokens CAO reduces minimum project size by supplying
vertical structure and vertical circulation
infrastructure to all new development, scaled for a

minimum of 40 storeys

Rules Ledger

Record of CAO rules Real Estate

Supply

Roofs can be resold at % of ground floor value
diminishing to 0% at floor 40

Sovernance Ledger
Record of G.Token
Creation and exchange



https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720
https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

Transaction Process

Ledger
i of E.Token
n and exchange

vertical
infrastructure
—and services

Ledger
i of ownership

A

Capital )

Gains Transactions
Financing

CAO provides equitable financing with terms set
the Rules Ledger

Excessive Capital Gains is taxes at 100%,
Capitalizing the CAO fund, distributing appreciation
to the entire community and disincentivizing supply
restriction

Price floor created by CAO serving as an iBuyer of
last resort (buying all properties after some duration
on the market)


https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720
https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

Transaction Process

\>

Capitalep.

E.Tokens.

Capital™ '

iBuyer
Utilization

GOVEINance Le
Record of G.Tol
Creation and ex

Equity Ledger
Record of E.Tok
creation and ex

Estate Ledger
Record of owne

Low demand stock

Real Estate investors buy E.Tokens backed by
shares in the CAO. These are investments in the
community not specific geographic areas so more
appropriately match how value grows

iBuyer partners are businesses that can
rapidly/flexibly monetize free space. The CAO buys
any unsold property and transfers management to
the iBuyer partner (food production?) until demand
increases.


https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720
https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

Potential C.A.O. Rules

Rules Ledger
Record of CAO rules

Governance Ledger
Record of G.Token
Creation and exchange

Token incentives to develop age-profile targeted
amenities

Penalize excessive car ownership via parking access
distributing/exchanging specialized parking stickers

Match housing to varied income population through
varied building form and financing opportunities


https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720
https://lucid.app/documents/edit/848298c0-116b-4724-b282-09ba9ea76037/3?callback=close&name=slides&callback_type=back&v=2954&s=720

URBAN FORMS | SCENARIOS

what forms with these scenarios take in the city?

what will cambrige looks like with these interventions?
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PHASE |
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Kendall Square

PHASE |

Building Properties

Functions

Residential Unit Distribution

Environmental Index

Favorites

288,864 ft?
7,411,857 ft?
8,235,397 ft?

243,524 ft?
6,246,779 ft2
6,940,866 ft2

230,450 ft?
5,913,944 ft
6,571,049 ft?

RA

GFA

BC
RA

GFA

BC
RA

GFA

275,498 ft2

7,070,324 ft*
7,855,916 ft2

240,419 ft2
6,170,650 ft:
6,856,278 ft

228,932 ft?

6,524,585 ft?

249,501 ft2

RA 6,402,802 ft?

714,224 ft2

235,988 ft?
6,054,444 ft?
GFA 6,727,160 ft?

BC 227,877 ft2
5,845,307 ft2

6,494,785 ft?

248,435 ft2

6,376,204 ft?

7,084,671 ft2

234142 ft2

6,007,099 ft2
6,674,554 ft?

227603 ft2
84 ft2

6,487,982 ft?

Sort by: GFA

244,268 ft?
6,268,888 ft?
6,965,431 ft?

232,796 ft?
5,973,215 ft?

6,636,906 ft:

224,351 ft

5,758,887 ft2

6,398,764 ft2

Input

Filters v

BC

RA

o)
b



Kendall Square MAS.552 City Science

Scenario planning Unit distribution (RA) 4 Site area

FAR (Floor Area Ratio)

GFA (Gross Floor Area)

7272

total 8,065,941 ft2

600 - 800 ft? 400 - 600 ft* BC (Building Coverage)
282,893 ft2
' 4th scenario - 7,200 workers
= assumption given Kendall’s industries
Number of living units 7272

3 Live-Work Symmetry



Kendall Square

PHASE |

Building Properties

14.66%
8,065,941 ft2
282,893 ft2

Functions

ﬂi_

Residential Unit Distribution

ii—hh

Environmental Index




Kendall Square

PHASE |

Building Properties

8,065,941 ft2
282 893 ft2

Functions

*H_

Residential Unit Distribution

ii—hh

Environmental Index

@

2D &

4

Unit distribution (RA) v
0-40012
7272
600 - 800 ft* 400 - 600 ft*
Number of living units 7272

Living unit size (RA)

Site area

v GFA 8,065,941 ft*
Amenities 1,027,888 ft?
office 1141,344 ft2
Commercial 1,037,160 ft?
Residential 4,859,548 ft

v RA 7,252,712 ft?
Amenities 925,025 ft?
office 1,027,061 ft2
Commercial 933,370 ft
Residential 4,367,256 ft?



Kendall Square

PHASE |

Building Properties Solar Radiation

14.66%
8,065,941 ft2
282,893 ft2

‘s

\ Facade

Functions

Residential Unit Distribution Y

_Hdh

Environmental Index 7




Kendall Square

PHASE |

Building Properties Daylight Autonomy

14,66% y
8,065,041 ft2 \' ’ Facade
282,893 ft2 «

Below 5%
> ; i

Between 5 and 15%

W

Between 15 and 27%

Functions

ﬂi_

Above 27%

Residential Unit Distribution > A /
y
Environmental Index / ( 3 / /
4 P ik S v /,. / = )




Kendall Square

PHASE |

Building Properties Wind Flow

14.66%
8,065,941 ft2
282,893 ft2

Functions

M_

Residential Unit Distribution

ii—hh

Environmental Index

‘ | 22 45 67 89 1.2 134 157 179 201 224
\ = 22
\ 2 ' e A

Global Wind Atlas 3.0




Kendall Square
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Kendall Square

PHASE |

Building Properties Solar Panel

Energy

14.66%
8,065,941 ft2

282,893 ft2
=
) M‘

Functions > ) -

iu_ ‘ A g
1) / Energy 1,451,209 kWh

/ Array power 2,365 kW

Residential Unit Distribution /

ii—hh

Environmental Index \ N/
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Kendall Square

Scenario planning

d
. 2n scenario - 17,200 workers

-

incentivize the use of public transportation

Unit distribution (RA) v

0 - 400 ft2

17,493
total

600 - 800 ft2 400 - 600 ft?

Number of living units 17,493

Site area

FAR (Floor Area Ratio)
14.66%

GFA (Gross Floor Area)
32,339,348 ft2

BC (Building Coverage)
1,134,508 ft2

MAS.552 City Science

Live-Work Symmetry



Kendall Square

PHASE Il

Building Properties

32,339,348 ft2
1,134,508 ft2

Functions

*H_

Residential Unit Distribution

iid-h

Environmental Index




Kendall Square

Scenario planning

' ISt scenario - 33,970 workers

- higher emission of CO2

Unit distribution (RA) v

0 - 400 ft2

46,288
total

600 - 800 ft2 400 - 600 ft2

Number of living units 46,288

Site area

FAR (Floor Area Ratio)
14.66%

GFA (Gross Floor Area)
85,570,482 ft2

BC (Building Coverage)
3,003,529 ft2

MAS.552 City Science

Live-Work Symmetry



Kendall Square

PHASE |11

Building Properties

14.66%
3,003,529 ft2

Functions

M_

Residential Unit Distribution

ii—hh

Environmental Index




Kendall Square MAS.552 City Science

250-400 ft2 (%)

400-600 ft2 (%)

600-800 ft2 (%)

800+ ft2 (%)

Unit Size (250-400 ft2)

Unit Height (250-400 ft2)

Floor Number (250-400 ft2)

Residential Percentage (250-400 ft2)

v .
Amenity+Commercial+Office

=

i ipt: https: .shapediver. pp ity- - .
3 Shapediver Script: https://www.shapediver.com/app/models/city-block-12 Live-Work Symmetry


https://www.shapediver.com/app/models/city-block-12

Kendall Square
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Floor Number (250-400 ft2)
2] 50
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Kendall Square

MAS.552 City Science
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Kendall Square

MAS.552 City Science

~ = S s -
= TRL® 2z B O
< PARAMETERS e
—
-
unit distribution ~
e 250-400 ft2 (%)
20
400-600 ft2 (%)
B 15
o 600-800 ft2 (%)
e
o 15
~ 800+ ft2 (%)
N 50
250-400 ft2
250-400 ft2 ~
Unit Size (250-400 ft2)
250
Unit Height (250-400 ft2)
3
Floor Number (250-400 ft2)
2] 50
Residential Percentage (250-400 ft2)
80
400-600 ft2 v
600-800 ft2 v
v

Amenity+Commercial+Office

Live-Work Symmetry
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MAS.552 City Science

PARAMETERS

unit distribution

250-400 ft2 (%)

400-600 ft2 (%)

20

600-800 ft2 (%)

800+ ft2 (%)

50

250-400 ft2
[

250-400 ft2

400-600 ft2

Unit Size (600-800 ft2)

Unit Height (600-800 ft2)

700

Floor Number (600-800 ft2)

34

Residential Percentage (600-800 ft2)

50

80

Amenity+Commercial+Office

Live-Work Symmetry
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MAS.552 City Science

PARAMETERS

unit distribution

250-400 ft2 (%)

400-600 ft2 (%)

20

600-800 ft2 (%)

800+ ft2 (%)

50

250-400 ft2
[

250-400 ft2

400-600 ft2

Unit Size (600-800 ft2)

Unit Height (600-800 ft2)

700

Floor Number (600-800 ft2)

34

Residential Percentage (600-800 ft2)

80

Amenity+Commercial+Office

Live-Work Symmetry



Kendall Square
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MAS.552 City Science
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Kendall Square MAS.552 City Science

PARAMETERS e o~
unit distribution ~
250-400 ft2 (%)

20
400-600 ft2 (%)
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600-800 ft2 (%)
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800+ ft2 (%)
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250-400 ft2
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Unit Size (250-400 ft2)
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Unit Height (250-400 t2)

3
Floor Number (250-400 t2)
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Residential Percentage (250-400 ft2)

80

400-600 ft2
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Unit Size (400-600 ft2)
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Unit Height (400-600 ft2)

4
Floor Number (400-600 ft2)
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Residential Percentage (400-600 t2)
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