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Motivation

Retail Demand Estimation & Merger Simulation

Typical Application:
® Retail chain mergers/store acquisitions

® Price effects
® Distribution efficiencies
® Store divestiture/branding remedies

Typical Model:
® Store-level retail demand system
® Household discrete choice of store

Typical Estimator: This Paper’s Approach:
® Requires proprietary data ® Requires only public spatial data
® Store-level revenues ® Store locations

® Store-level quantity shares ® Distribution center locations
® Store-level prices ® Household locations & demography
® Consumer-level microdata ® Retail precinct locations & sizes

® Competition agency implementation: ® Competition agency implementation:

® Costly/unavailable data X ® Free, available data
® Confidentiality-restricted findingsx ® Publishable findings
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® Regulated, market-level prices X

This Paper:

® Profit-maximizing, store-level prices

® |ocalized competitive price effects
® Gowrisankaran & Krainer (2011 RJE) »
® Microfounded, store-level demand system
® Continuous geographic space
® Endogenous store presences
® Public store location data
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Data Requirements & Notation

Data Requirements:
Market
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Model

Data Requirements & Notation

Data Requirements:

Market
° .
Markets: m € M 3 hetan Precimet
® |ocationset: L, s Coles o
IGA
® Households types: h € ‘H Woolworths

® Income: ip
® Location: I

® Population: np @
® Retail shopping precincts: r € R ®

® |ocationset: £,

® Agglomeration: a, ®
® Stores:s € S

® | ocation: /s

° .
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Model

Data Requirements & Notation

Data Requirements:
® Markets: m € M 4
® |ocationset: L, -~ 72 { “\,\

® Households types: h € H Pl < /N
® Income: iy ;@L ~ 4
® Location: I, ) .,

® Population: np

® Retail shopping precincts: r € R o

. Y

® |ocationset: £, f
® Agglomeration: a, ) o
b /

® Stores:s € S \X\\X

® Location: /s N\
® Brand: bs \ I Y A
® Owner: o, \\ 7 Jm
N . o - =\
® \Wholesale distribution centres: w € W e e f—
ey

® | ocation: Iy,
® Brand(s) supplied: B,, \Eﬂ
S



Model

Store-Level Demand, Owner Profits & Price Equilibrium

Household Store Choice

® Brand differentiation
® Horizontal: p Uhs Vhs
® Vertical: B, Nk = Mo + Nifp 21 Corrfups, vpe] = pfors, s’ € Sy,

® | ocation differentiation
® Distance: & (Eh )
® Agglomeration: o exp( 22 Y, 1P T

® Price disutility as = Z”h 21 = 1+ thz p Tph = Z exp(l fsp)
® f(income): no, i h v b_oh sESp

ups = ar + Bp + ddhs + Mhps + €np + (1 — p)ens

Pr[sp=s|bp=b] Pr[bp=b]

Owner Profits
® Marginal costs
® f(brand, distance): wp, w
® Fixed costs To = eZS s
s o
® f(brand): Fp

Ts = (ps - Cs)qs —fs Cs = Kp + wdsw

Pr[fs < x] = Fp(x)
Price Equilibrium
® Nash-Bertrand po = arg max To(Po, P—o) Yo €O



Model

Spatial Equilibrium

Spatial Equilibrium
Sutton (1997 RJE; 1998; 2000; 2007):
Equilibrium configuration

® Mutual best response in store networks
® Testable marginal profit inequalities:

Ams = To[s € S|S_s] — mo[s ¢ S|S_s]

® Observed stores: marginally profitable
Ans >0 VseS
® Unobserved stores: marginally unprofitable

Ams <0 Vs¢ S

® Agnostic to order of entry, equilibrium selection
® Robust to first mover advantages, multiple equilibria

® Longrun interpretation
® |terated store network updating

Market
Households

[ Retail Precinct
ALDI
@ Coles
IGA
Woolworths

Gl
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Estimation

Identification

Conditional Store Existence Probabilities:
® Store-level observables: Xs = (bs, Is, 0s, S—s, H, R, W)
® Conditional independence assumption: Fp(:|Xs) = Fp(-)
e Conditional store existence probabilities: Pr[s € S|Xs] = Pr[Am, (Xs) — fs > 0|Xs] = Fp(Am,(Xs))
T obned
Fixed & Variable Profit Decomposition:
Matzkin (1992 E; 1994), Berry & Tamer (2006)
® Fp(-), Amy(-) recoverable:

® Shape restriction: A, (+) oc household population multiplier
® Special regressor: A, () continuous, monotone decreasing in full support ds,,

Variable Profit Parameters:
® Am,(Xs;8,) identifies variable profit parameters: 8, = («, 6, n0, ni, p, w, p’, B')
® High dimensional, nonlinear system of equations

® |6, | = 6 + 2|B| parameters
® Tlxep, (21Sm(Xs)| — 1) first order conditions

® Numerical verification
® Latent equilibrium prices
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Estimation

Estimator

Estimator:
Maximize weighted log-likelihood of conditional store existence & non-existence probabilities

¢6) == S| log [Fb(va(Xs; 0.); ef)} +IBxRITT S log [1 — Fp(Amy(Xs;6,); 0¢)

ses PrlscS] SEBXR Prls¢s]

® Qutcome-based sampling

® |S| observed stores Stores
® |B| x |R|unobserved stores Observed

® Extra store of each brand at each retail —— Unobserved
precinct
® Parametric fixed cost assumption
L4 Fb . fb ~ N(¢b,0')
® Brand-specific means: ¢,
® Common shocks: N(0, o) Z;(o)




Estimation

Computation - Equilibrium Prices

Equilibrium Price Computation
Morrow & Skerlos (2011 OR):

® \/ectorized Nash-Bertrand first order conditions:

-1

p=c+ (00-V(p)) q(p)
0q; ..
Vii=—(p Oji =1loj =0;] Vi,jeS
= 5 (P) 7105 = 1lor = o]

® Analytic demand derivative matrix decomposition:

V=A-TwiiNi= mppn Vies
h
Fij = Z’lh YhiYnj Vi,jES
h
® Fixed point iteration:

p<c+Ap)! ((0 or(p)(p—rc) - q(p))

Price

ALDI

Coles

Friendly Grocer
IGA

SupaBarn
Woolworths

2 4 6
Iteration


https://doi.org/10.1287/opre.1100.0894

Data

Full Sample - Australian Supermarkets
® | M| ~ 800 markets
® ASGS 2021 Urban Centres & Localities P .
n e L 4
® Defined based on contiguous urban/residential density I 5 .
Nt q ]
¥ \
® |H| = 700,000 household types §i€y S \
® 2021 Australian census (N ‘o
® i, In(Weekly household income) /'/ %
® /,:SA1 centroid d Ay
® ny,: Population %/ 5
=
nf 4
. . Y !
® |R| ~ 2,000 shopping precincts ( o
® OpenStreetMap N 4
® L,:Bufferaround density-based shop clusters (DBScan) \{\& 4
® a,:In(Number of shops in cluster) \\\ Ty A . g
e e
\|:| J i, 3 ;
A% )
(G / \ass) DW/
[N
a2l
|l
¥

® |S| & 4,500 supermarkets
® Brand websites

® |B| =11 brands



Data

Full Sample - Australian Supermarkets

® | M| =~ 800 markets
® ASGS 2021 Urban Centres & Localities

Market
Shop
@  Shop (Clustered)

® Defined based on contiguous urban/residential density [ Retail Precinct ®®
] @ @
® |H| A2 700,000 household types © o @
® 2021 Australian census 8° 4 ©
® ip: In(Weekly household income) @ © o]
® /,: SAL centroid ° o® ©
® np: Population @
. . [c]
® |R| ~ 2,000 shopping precincts o @(’ﬂ
® (OpenStreetMap @ © &
® L,:Bufferaround density-based shop clusters (DBScan) ° 4 @ o] @ @
® a,:In(Number of shops in cluster) [} © @ ®
® @
X 'S
® |S| ~ 4,500 supermarkets ® 'S
® Brand websites ® 2
Q
® |B| =11 brands ®



Data

Full Sample - Australian Supermarkets

® | M| ~ 800 markets Brand Stores  Markets  DCs
® ASGS 2021 Urban Centres & Localities
® Defined based on contiguous urban/residential density éuljl 222 igg Z
oles

® |H| ~ 700,000 household types CostCo 15 8 L
Drak 65 25 2

® 2021 Australian census rakes
® it In(Weekly household income) FoodLand 90 46 1
® J,: SA1 centroid IGA 1264 519 6
® i Population Woolworths 1134 256 7
) ) FoodWorks 319 181 5
¢ |R.‘ A°2,000 shopping precincts Friendly Grocer 205 94 3
OpenStreetMap SPAR 110 66 1
® L,:Bufferaround density-based shop clusters (DBScan) SupaBarn 21 3 1

® a,:In(Number of shops in cluster)

® |S| & 4,500 supermarkets
® Brand websites

|[B| = 11 brands



Data

Subsample - Canberra-Queanbeyan

M| = 1 market

|H| = 4, 494 household types
® 3, nn = 340, 770 total population
® |Lh| = 1,194 household locations

|Zh| = 6 household income bins

|S| = 94 observed stores

|R| = 45 shopping precincts

|B| = 6 brands

ALDI

Coles

Friendly Grocer
IGA

SupaBarn
Woolworths

|S| + |B||R| = 364 profit inequalities

®
A
D
[} 2: * 6]
® [}
@
o@ &
© 0D . ©
(o)
- [0}

Market

Households

Retail Precinct
DI

Coles
Friendly Grocer
GA

I
@ SupaBarn
Woolworths




Estimates
Subsample - Canberra-Queanbeyan - Profit Differences

0.81

Market
8 ] Households
| ® [ Retail Precinct
[ Unobserved Stores X ALDI
[ Observed Stores @ Coles
D Friendly Grocer
S b4 IGA
15 + & SupaBarn
4 e} Woolworths
Q ® ®.
[}
e} @ S
& .o
o@ @
O
z P
5
2 v )
o
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Estimates

Subsample - Canberra-Queanbeyan - Brand Summaries

Market
Households
t ® — r:\i:&u Precinct
(0] Fg?sii\y Grocer
b T) ol Qflzqs S 4 e} i Y b4 3&‘0‘?\52%5
R ®
ALDI 255 1.51 7.94 15 (P # o
Coles 243 04 2007 14 RN o X
Friendly Grocer 3.93  1.05 7.01 9
IGA 3.83 094 15.08 17 © 9
SupaBarn 441 0.83 211 17 g
Woolworths 28 05 2879 22 o e 6”%
(€] 0% o -6 %
@
® Lowest marginal costs: Coles, Woolworths : o :
® Highest prices: SupaBarn, Friendly Grocer, IGA 00 2 &
® Highest shares: Woolworths, SupaBarn, Coles 3 e
RV



Estimates

Subsample - Canberra-Queanbeyan - Parameter Estimates

marke'h Id:
o 5 Mo n; P ) t ® ?I Zi:Da\” Precinct
0.10 —473 —400 035 069 0.00 o gAY crocer
F 4 e $ Siverts
Q ® ©
b B Kb b oD ° o
ALDI  9.68 151 1424.45 Ry R
Coles 10.38 0.40 5032.99
Friendly Grocer  10.46 1.05 4767.18 ¢ 9
IGA 10.52 0.94  3887.07 3 ®s
SupaBarn 11.17 0.83 6468.49 8. Gj%’
Woolworths 1041 0.50  3646.20 2 "% o 6 %
®
® Distance disutility: §=-473 00 X &
® Price disutility: 7, € [-2.6, —0.85] (ip € [4,9]) Qirile
® Horizontal differentiation: p = 0.69 ¥

® Vertical differentiation: B, € [9, 12]



Counterfactuals

Woolworths-IGA Karabar - ACCC (2023)

ACCC (2023) Figure 1: Map of supermarkets in Karabar and surrounding suburbs

® Opposed Woolworths acquisition of IGA Karabar
® Geographic market definition:
® 3-5km radius
® Exclude IGA Bogong
® Product market definition:
® ‘Full-line’ supermarkets
® Exclude Friendly Grocer (‘convenience’)
® Counterfactual:
® Status quo
® No IGA exit
® No alternative purchaser
® Substantial lessening of competiton:

® Concentration: Woolworths 3/6 ‘full line’ supermarkets
® Differentiation:

® Woolworths rebrand

® Loss of differentiated IGA offering



https://www.accc.gov.au/public-registers/mergers-and-acquisitions-registers/public-informal-merger-reviews-register-2002-25/woolworths-supa-iga-karabar

Counterfactuals

Woolworths-IGA Karabar - ACCC (2023)

ACCC (2023)
® Opposed Woolworths acquisition of IGA Karabar Market
® Geographic market definition: = Zi:ri" Precinct
® 3-5km radius friendly Grocer
® Exclude IGA Bogong $ Supabam

® Product market definition:
® ‘Full-line’ supermarkets
® Exclude Friendly Grocer (‘convenience’)
® Counterfactual:
® Status quo
® No IGA exit
® No alternative purchaser
® Substantial lessening of competiton: Q

® Concentration: Woolworths 3/6 ‘full line’ supermarkets
® Differentiation:

® Woolworths rebrand

® Loss of differentiated IGA offering


https://www.accc.gov.au/public-registers/mergers-and-acquisitions-registers/public-informal-merger-reviews-register-2002-25/woolworths-supa-iga-karabar

Counterfactuals

Woolworths-IGA Karabar - Merger Counterfactuals

Pre: IGA Karabar

*

*

[ Retail Precinct
LDI

Market
Households

Coles
Friendly Grocer
IGA

SupaBarn
Woolworths

Post: [IGA

>

*

Market
Households

Retail Precinct
ALDI

Coles
Friendly Grocer
IGA

SupaBarn
Woolworths

] Karabar



Counterfactuals

Woolworths-IGA Karabar - Merger Counterfactuals

Pre: |GA Karabar Post: | Woolworths ] Karabar
Market
Households Market
[ Retail Precinct Households
LDI [ Retail Precinct

@ Coles ALDI
Friendly Grocer @ Coles
IGA

b4 Friendly Grocer
SupaBarn IGA

Woolworths @ SupaBarn

Woolworths




Counterfactuals

Woolworths-IGA Karabar - Merger Counterfactuals

Pre: IGA Karabar

*

*

[ Retail Precinct
LDI

Market
Households

Coles
Friendly Grocer
IGA

SupaBarn
Woolworths

Post: |

Market
Households
Retail Precinct
ALDI

@ Coles
Friendly Grocer
IGA

¢ SupaBarn
Woolworths

SupaBarn] Karabar



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios

[IGA | Karabar
From \ To AJ  AQ CQ FGQ IK W) wQ 3 o
Friendly Grocer

ALDI Jerrabomberra .10 00 00 001 002 078 00 Viootworths
ALDI Queanbeyan 0.0 -1.0 0.23 0.071 0.0 0.0 0.6
Coles Queanbeyan 0.0 0.11 -1.0 012 0.06 0.0 0.6
Friendly Grocer Queanbeyan  0.01 0.06 021 -1.0 026 0.01 0.18 %
IGA Karabar 0.02 0.0 0.13 0.3 -1.0 0.06 0.04 (
Woolworths Jerrabomberra 0.53 0.0 0.0 0.01 0.06 -1.0 0.0
Woolworths Queanbeyan 0.0 0.26 053 0.09 0.02 0.0 -1.0 !

® Diversion ratios: D;j = (ZT?)/('%‘) ~

® Proportion of customers who leave i that switch to j
® |ocalized competition

* Bbe[912]
6 =—-4.73

® Extreme taste shock required to shop more than 2-3km away
® Queanbeyan to Jerrabomberra: 6km



Counterfactuals

Woolworths-IGA Karabar - Status Quo - Store Summaries & Welfare

[IGA | Karabar

s Ps Cs qs Ts Households
[ Retail Precinct

ALDI Jerrabomberra 265 151 1132  -136 $ e

ALDI Queanbeyan 249 151 1369 -88 S Sipasam

Coles Queanbeyan 185 0.4 4154 987 Hoohvorts

Friendly Grocer Queanbeyan 324 1.05 3484 2846

IGA Karabar 3.46 0.94 3439 4768

Woolworths Jerrabomberra 3.07 05 3761 6009

Woolworths Queanbeyan 1.79 0.5 4177 1759

* Consumer welfare: W, = 65, 798 Q

® Wh =3, nnlnal " In[1+ 3, T4,7]

® |GA Karabar: highest prices in local area

® Local market power: § = —4.73
® Higher marginal costs (0.94) than Coles (0.40), Woolworths (0.50)



Counterfactuals

Woolworths-IGA Karabar - Woolworths Acquisition - Store Summaries & Welfare

[ Woolworths | Karabar

S Ps Cs qs s I an;;%olds .
ALDI Jerrabomberra 2,66 151 1184 -65 s Q;Esljly o
ALDI Queanbeyan 249 151 1385 -69 S Sipasam
Coles Queanbeyan 1.86 0.4 4176 1081 fooors
Friendly Grocer Queanbeyan 325 1.05 3499 2916
Woolworths Karabar 332 05 3393 5928
Woolworths Jerrabomberra 3.13 05 3707 6088
Woolworths Queanbeyan 1.81 0.5 4083 1699

® Consumer welfare: Wh = 65, 258 CD

® AW, = —540

® |GA — Woolworths Karabar:

® Store price decrease: 3.46 — 3.32
® Marginal cost decrease: 0.94 — 0.50
® Market-wide price increases

® Concentration increase



Counterfactuals

Woolworths-IGA Karabar - SupaBarn Acquisition - Store Summaries & Welfare

[ SupaBarn| Karabar

s Ps Cs qs Ts Hovseholds
[ Retail Precinct

ALDI Jerrabomberra 2.65 151 1115  -157 $ e

ALDI Queanbeyan 249 151 1362 -95 s Shasam

Coles Queanbeyan 1.85 04 4071 862 fooors

Friendly Grocer Queanbeyan  3.19 1.05 3385 2463

SupaBarn Karabar 3.57 0.83 3982 4456

Woolworths Jerrabomberra 3.06 05 3722 5878

Woolworths Queanbeyan 1.8 0.5 4136 1712 DS

® Consumer welfare: Wh = 67,540 CD

* AW}, = +1,742

® |GA — SupaBarn Karabar:

® Marginal cost reduction: 0.9 — 0.83
® Quality increase: 10.52 — 11.17
® Priceincrease: 3.46 — 3.57



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios - § Sensitivities

§=[473 ]
From \ To AJ  AQ CQ FGQ IK W) wQ 3 o
Friendly Grocer

ALDI Jerrabomberra .10 00 00 001 002 078 00 Viootworths
ALDI Queanbeyan 0.0 -1.0 0.23 0.071 0.0 0.0 0.6
Coles Queanbeyan 0.0 0.11 -1.0 012 0.06 0.0 0.6
Friendly Grocer Queanbeyan 0.01 0.06 021 -1.0 026 0.01 0.18 %
IGA Karabar 0.02 0.0 0.13 0.3 -1.0 0.06 0.04 (
Woolworths Jerrabomberra 0.53 0.0 0.0 0.01 0.06 -1.0 0.0
Woolworths Queanbeyan 0.0 0.26 053 0.09 0.02 0.0 -1.0 !

® Diversion ratios: D;j = (ZT?)/('%‘) ~

® Proportion of customers who leave i that switch to j

® ACCC analysis consistent with smaller disutility of distance, §

® |ncreased IGA Karabar diversion to/from Queanbeyan/Jerrabomberra stores
® Denser diversion network



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios - § Sensitivities

§= -4.00 ]
From \ To AJ AQ CQ FGQ IK WS WQ 3 Ao
Friendly Grocer
ALDI Jerrabomberra -1.0 0.0 0.0 0.03 0.03 0.8 0.0 Viootwortns
ALDI Queanbeyan 0.0 -1.0 029 0.09 0.01 0.0 0.58
Coles Queanbeyan 0.0 0.12 -1.0 013 0.09 0.0 0.59
Friendly Grocer Queanbeyan  0.02 0.07 025 -1.0 028 0.02 0.21 %
IGA Karabar 0.03 0.01 0.19 033 -1.0 0.09 0.06 (
Woolworths Jerrabomberra 0.62 0.0 0.0 0.03 0.09 -1.0 0.0 \
Woolworths Queanbeyan 0.0 0.23 057 0.11 0.03 0.0 -1.0 3
® Diversion ratios: D;j = (ZT?)/U%‘) "

® Proportion of customers who leave i that switch to j

® ACCC analysis consistent with smaller disutility of distance, §

® |ncreased IGA Karabar diversion to/from Queanbeyan/Jerrabomberra stores
® Denser diversion network



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios - § Sensitivities

§= -3.00 ]

From \ To AJ  AQ CQ FGQ IK W) wQ 3 o
Friendly Grocer
ALDI Jerrabomberra -1.0 00 0.0 004 006 083 00 Viootworths
ALDI Queanbeyan 0.0 -1.0 034 012 0.02 0.0 0.51
Coles Queanbeyan 0.0 0.11 -1.0 016 0.13 0.0 0.57
Friendly Grocer Queanbeyan  0.03 0.07 029 -1.0 03 0.04 0.25 %
IGA Karabar 0.04 0.02 028 036 -1.0 0.11  0.12
Woolworths Jerrabomberra 0.7 0.0 0.0 0.05 0.3 -1.0 0.0 \
Woolworths Queanbeyan 0.0 0.18 0.6 0.14 0.06 0.0 -1.0
e Diversion ratios: D;; = (g;{)/ﬂg—gf\) s

® Proportion of customers who leave i that switch to j

® ACCC analysis consistent with smaller disutility of distance, §

® |ncreased IGA Karabar diversion to/from Queanbeyan/Jerrabomberra stores
® Denser diversion network



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios - § Sensitivities

6= -2.00 ]

From \ To AJ AQ CQ FGQ K W) wQ 3 o
Friendly Grocer
ALDI Jerrabomberra 1.0 00 001 005 01 082 0.0 Viootwortns
ALDI Queanbeyan 0.0 -1.0 0.37 0.14 0.05 0.0 0.43
Coles Queanbeyan 0.0 0.1 -1.0 019 0.6 0.01 0.53
Friendly Grocer Queanbeyan 0.02 0.06 031 -1.0 029 0.04 0.26 ‘
IGA Karabar 0.06 0.02 029 032 -1.0 0.14 0.16 ¢
Woolworths Jerrabomberra 0.67 0.0 0.02 0.07 021 -1.0 0.0 \\
Woolworths Queanbeyan 0.0 0.13 059 0.18 0.1 0.0 -1.0 P
® Diversion ratios: D;j = (ZT?)/U%‘) .

® Proportion of customers who leave i that switch to j

® ACCC analysis consistent with smaller disutility of distance, §

® |ncreased IGA Karabar diversion to/from Queanbeyan/Jerrabomberra stores
® Denser diversion network



Counterfactuals

Woolworths-IGA Karabar - Pre-Merger - Diversion Ratios - § Sensitivities

§= -1.00]

From \ To AJ  AQ CQ FGQ IK W) wQ 3 o
Friendly Grocer
ALDI Jerrabomberra -1.0 00 007 009 02 063 001 Viootworths
ALDI Queanbeyan 0.0 -1.0 0.38 0.15 0.11 0.0 0.36
Coles Queanbeyan 0.01 008 -1.0 021 0.2 0.04 0.46
Friendly Grocer Queanbeyan  0.03 0.05 033 -1.0 023 0.08 0.27 %
IGA Karabar 0.06 0.04 0.3 0.22 -1.0 0.17 0.21 -
Woolworths Jerrabomberra 037 0.0 0.11 016 035 -1.0 0.01
Woolworths Queanbeyan 0.0 0.09 054 0.2 0.16 0.0 -1.0 p"
® Diversion ratios: D;j = (ZT?)/('%‘) g

® Proportion of customers who leave i that switch to j

® ACCC analysis consistent with smaller disutility of distance, §

® |ncreased IGA Karabar diversion to/from Queanbeyan/Jerrabomberra stores
® Denser diversion network
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