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Real Estate Valuation Overview

Residential

$995,000 2bd 2ba | 1,175sqft

993 Dolores St, San Francisco, CA 94110
Est. payment: $4,964/mo 6 Get pre-qualified

®

Zestimate

$1,297,826
Estimated sales range: $1.18M - $1.39M

Zestimate history

__ This home __ San Francisco
$1.3M $1.4M
’|= {j Listed for
| $£995K
/ on 8/16/19

MOODY'S ANALYTICS
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Overview Facts and features Home value Price and tax his' »
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realtor.conr
RE/MAX

CHASE
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Comparable Homes

Homes with location proximity and attribute similarity

a Zillow Qsave > Share -coMore Similar homes See all

Wy Ltk St
$995,00@ 2 14 2ba 1175 st > e \Bth'S
993 Dolores St, San Francisco, CA 94110
® Forsale | Zestimate®™ $1,295,000 | View Details 17th 5t
Est. payment: $4,986/mo e Get pre-qualified | CT|

e
$995,000 # $995,000 @ a

. =T - ot 1 3 5. A = S = i aan
Overview n Francis g Francisco
2bd * 1ba - 858 =qft 2bd  1ba 1k sgft

Ia ( 3701 Market S, Apt

@ 2 San Francisco,
CA9413]

'I,rrJ!|||| =1
Time on Zillow Views Saves

31 days 13,018 266

993 Dolores at 23rd street is an all-new 2-Bed 2-Bath Garden
Unit that was just added to a classic Mission Dolores
Edwardian. Access to the shared back yard is through a
floor to ceiling folding glass NanaWall, a full-size in-unit :
Washer/Dryer is included, heat is through a building-wide : )
radiant system, there is shared bike storage, access to the $1,195,000 ° $998,000 L 970 Duncan St'
unit is at the ground floor, no stairs to climb, there's a private S =< femmis =2 . Apt 305f4 San
side patio off the kitchen, sgft measurement is approx 1,175 Francisco, CA 94131

Read more

o See more similar homes

i summir
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Real Estate Valuation Overview @
Real Estate Appraisal Process

Sales Comparison Approach

=

. Sales * Property
comps attributes
» [ ocation e Size
o Similar * Condition
attributes e Amenities
\_ % N J
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Commercial Real Estate Valuation C

Biggest challenge: Data!!!

Al-powered

Automated
Valuation

.Big data and Al Model (AVM)

Technology

‘Commonly used

approaches
» Cost approach
* |Income approach
» Market approach
(sales comparison)
MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 8
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Companies Using Al for CRE Valuation

3 GEOPHY

“GeoPhy’s automated
valuation model (AVM)
provides that much-
needed innovation with
enterprise-grade, Al-
powered insight into the
value, and value drivers
of commercial real
estate assets.”

MOODY'S ANALYTICS

.|r.| SKYLINE

“Skyline Al partners with
leading commercial real
estate firms to establish
next-generation
investment vehicles
augmented by artificial
intelligence.”

Quantarium

“Built on a highly
scalable and resilient
next-generation cloud

infrastructure, our
intelligent models with

self-improving Machine
Learning capabilities and
deep learning

algorithms, deliver
diverse aspects of
properties across the
nation.”

‘C SUMMIT

2019

icitybldr

“We use machine
learning on dozens of
disparate data sources
to build the Standalone
Value....We offer this
information to property
owners for free to help

owners better
understand their
property values and sell
for a premium to market
valuation.”

CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019
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Big Data
4

Econ

Data

Data
Alliance

Moody’s
Network

Real Estate Solutions
by Moody's Analytics

\_
cublic

Data
&

Data
Vendors

\_

MOODY'S ANALYTICS

<

—  Economic data
Business activities
Property records
Crime data l
Transportation

Amenities

Social media

—— Environmental data

Lease =
Property Hﬂ
Loan
Location g
Market -IV-
Risk i\./i
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Use Big Data to Help “Small” Data @ spw

L' Sales Transactions
Office Transactions vs. New leases of San Francisco in May, 2017

Valuation
Lomb2 A ynion St
CD'.I
=
=
L
LII'-\.:.
Rent
Turk St B
I
& Ay L
San Francisco +@
® @ . & °
i:-E.'II.II-I:-_-"t . cﬁ\s-. {\Qﬁ
‘s %{?r
2 &
= [«
Ir' . r’_ij,\
“@ 13th St ¥ I
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Leases



Comparable Properties and Leases (@
Commercial
REIS

LE]
- Real Estaty
by

« 2019
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# Investment Analysis
?

GENERATE REPORT
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Comparable Properties and Leases @

Commercial
k-nearest neighbors (k-NN) algorithm

Intuitive and easy-to-implement supervised machine learning algorithm.

8 /’—_~\\
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Comparable Properties and Leases
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Optimal Number of Comps: National or Local?

Optimal Number of Comparable Properties

U.S. e

Los Angeles
Washington, D.C. 5
New York 7
San Francisco )
San Diego 6
Boston )
Orange County 7

6
6

San Jose 3
Chicago 3)
Oakland
Atlanta 5
Sacramento
Dallas 7
Denver 6
Phoenix 7

MOODY'S ANALYTICS

Median Absolute Error Difference
6% (National K = 6 vs. MSA-specific K)

4%

2%

CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 15
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Feature Importance @ spw

Location is the most important feature

Building Size - Building Size

mU.S.

Building Age F Building Age

® Los Angeles
m Washington, D.C.
= New York
Boston
m Chicago

MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 16
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Comparable Property and Leases Cw

@ 1 Maritime Plaza
. | u
600 Montgomery Street”" San Francisco

425 Market Street |
525 Market Street
@ 100 1st Street

1 Bush Street.- .

@ 345 Spear Street

MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 17
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Rent Prediction and Property Valuation
Structure of Rent Prediction Model

Rents of Lease

Compargble Comparable Rent Model Attributes
Properties Properties

Commercial LocationScore™

[ 'v'
Economic Business
Prosperity Vitality Spatial Demand Transportation Safety

MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019




Rent Prediction Model @

Out-of-sample Performance (Median Absolute Error)

New York Los Angeles Washington, D.C. San Francisco Chicago

Gradient Boosting 12.1%

Commercial
Location Score

Building Size
Comparables
Building Age

Lease Size

Work Value m New York
m Washington, D.C.
= Los Angeles

San Francisco

m Chicago

Sublease

Free Rent Period

Full Service

MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 20
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Gradient Boosting Algorithm Cw
» The algorithm creates an ensemble of regression trees

— Each tree is dependent on prior trees

— It learns by fitting the residuals of the trees that preceded it

DATASET ERAORS ARORS
% ® MODEL MODEL MODEL

00 g%, TRAN TEST .'- TRAIN TEST TRAIN

o g0 > w—]- .“. = — ' s w—p se e
*_8 @ .' L ] .'

e g @

=]

PREDICTICON
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Embarcadero West — San Francisco

275 Battery Street

4 N

Location Vacant Space

» Space size: 9,630
» Full service
« Work value: $10/sqft

‘. ol | o TR * Free rent: 2 months
JOhn Portman Archltect e ' e \ San Francisca PP Y ;e’;ﬁ" /

Class A office

&

1989 (2011
renovation)

HSBC Commercial

\ancial Distiict Transamerica Pyrami et &
(@) Gochees Pizza ( T
e Financial Distriet .
nited, Statés \ The Emba o
oy St Postdl Service | \ aFery p
\ 7a Center e —
=Bz Coffee
Pacific Heritage Museu Wingtip i Bariel Rovey b ) £ ¢
City View @ (v °wnesl House el ‘: a
P Wayfare Tavern a @ n Francisce /
Palio G FedEx Office Print { 7 / c .
® ot v 5 Battery Street (] & Ship Center Autodesk Gallery §) paCheesay/Rjeuart
@ Planet Fitnes: - | A - £
EtAl Orangetheory Fitness ) 9 4 —
‘sacrament® St adich Gri Jotel Viale @
Embarcadero Station
Boulevard

30 floors; 475k sqft
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MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 22



2019

‘C SUMMIT

Embarcadero West

>

Adjustments (%) Estimated rent
($70.9)

Initial estimate

($58.32)

Actual rent: $71.0

 Rent comps
) Egg‘;‘;‘g{f;‘om $40 $50 $60 $70 $80
. Economjc Initial Estimate °/Another lease: \
grOS_Perlty Property Size - Same building
* pUSINess » Same month
Al Property Age
V’ta/’t.y berty .g +$105 « Different lease
» Spatial Space Size -$8.1 terms
dem a'? d Full Service
* Amenity Work Value Estimated rent: $76.2
 Transportation Actual rent: $74
. Safety Free Rent Period \ /
\ /
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Office Rent Prediction in Multiple MSAs @ spw
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Other Property Types (@

Industrial Retalil
@ 30.08%/sqft
@ 7.88 $/s5qft Tk @ 21.5 $/sqft 5 .
@ 9.36 $/sqft @ 27.96 $/sqft
Pico Ri . 22.32 $/Sqft Aon Cente 611 Pla e
Vi, Whittier FH N
@ 0.0 $/5gft o Vs
Downey P s
Norwalk L . 34.47 $/Sqﬁ:
@ 7.2 $/5qft ¢
(&) Bellflower S
14425 Clark Avenue, City Of Industry, CA 91745 888 South Figueroa Street, Los Angeles, CA 90017
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Rent Prediction and Property Valuation @

Rent Prediction Demo

MOODY'S ANALYTICS CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019 26






Rent Prediction and Property Valuation

« 2019
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Leveraging Existing Moody’s Analytics CRE Network

MOODY'S ANALYTICS

Commercial Property

# Performance Model
(CPPM)

6%
REIS¢

Real Estate Solut
by Mo dy An lyt

AVM
)
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Rent Prediction and Property Valuation

Example Use Cases

Appraisers Brokers
Augment valuation * Brokerage for CRE
process leases

Brokerage for CRE
sales

MOODY'S ANALYTICS

[6)

Investors

Pinpoint Investment
opportunities

Portfolio
diversification

CRE AVM: Combining Machine Learning and Spatial Modeling, Nov 2019

Lenders

Loan underwriting
Risk monitoring

2
<

UMMIT
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4 Key Takeaways



Key Takeaways

» Most effective route to commercial property AVM:

— Start with rent (Big Data available) — Focus of our project

— CRE value can then be estimated by combining with additional approaches

» Machine learning shows promising improvements over traditional methods

— K-nearest neighbors algorithm automates comps selection

— Gradient Boosting algorithm minimizes office rent prediction error to ~10%

» Automated rent prediction has tremendous value across multiple business fronts

MOODY'S ANALYTICS
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