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Motivation

• Spectrum is an essential input for mobile services

• Auctions for mobile spectrum improve welfare by ensuring the highest value
user wins

• But recent literature raises concerns about welfare effects of auctions with
after-market competition

• Janssen and Karamychev (2009, 2010), Kasberger (2020)

• Empirical literature shows that spectrum allocation increases overall welfare
(Hazlett and Munoz 2009), but little evidence for effects on competition
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This Paper

• We collected unique data on 4G spectrum auctions in 23 EU countries (+UK,
Norway, Switzerland)

• Combine this with mobile-operator data from GSMA

• There are three parts to this paper:

1. Simple theory model helps ground our understanding of links between ex-ante
competition, spectrum allocation and ex-post competition

2. We show descriptive evidence of what happened in 4G spectrum auctions
3. Difference-in-differences analysis: effects of having an auction on ex-post

competition

• Exploiting locally exogenous auction timing
• Look at country-level and operator-level effects

2 / 21



Related Literature
• Several papers have analyzed the incentives for stronger incumbents in a

spectrum auction to preempt rivals. These include papers on auctions for
upstream inputs, such as spectrum auctions: Jehiel and Moldovanu (2000),
(2001) and (2003), Cramton et. al. (2011), Mayo and Sappington (2016), Rey
and Salant (2017), Kasberger (2017)

• Kuroda and Forero (2017) compare ex post market outcomes of 3G auctions
with countries having beauty contests. Hazlett and Munoz (2009) examine the
impact of the 3G auctions on consumer prices. Genakos et. al. (2017) look at
impact of mergers on investment. Landier and Thesmar (2017) explain the
macro effects of entry of a 4th MNO in France on investment.

• Mayo and Sappington (2016) also show that auctions need not result in an
optimal allocation. And Marcoux (2019) explains how entrants may still fail
even after auctions with set-asides.

• Related work on preemptive investment include Gilbert and Newbery (1982),
Reinganum (1983), Vickers (1986), Budd et al. (1993), Riordan and Salant
(1994). 3 / 21



Ex Post Welfare and Auction Revenues

• Klemperer (2004) warns regulators against the temptation of taking measures
to increase auction revenues at the cost of discouraging entry.

• Peha (2017) explained why’ unequal spectrum allocations can adversely
affect competition.

• Auctions during the period for which we have data, included
(a) “low-band” blocks in the 700 and 800 MHz band,
(b) re-auctions of higher frequency of PCS 1800 and 3G 2100 MHz bands and
(c) new 2600 MHz bands.

• Auctions for a number of important bands (700/800MHz) have 6 nearly equal
blocks
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Spectrum Allocations and Costs

• Capex costs include cost of cell sites, transport (fiber) connecting sites to
network switches and switching equipment.

• The total spectrum held by an MNO limits traffic, and therefore number of
subscribers that can be served on a cell site.

• Bands differ in propagation. Low band, < 1 GHz has better propagation.
• Thus capex cost per subscriber will be lower the more spectrum an MNO has.
• There are also fixed costs of deploying radios for any frequency. Thus, capex

costs per sub will be significantly lower for a firm which wins two blocks of
coverage (below 1 GHz) spectrum.
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Spectrum Auction Scenarios

• Typically, there are 3-4 incumbents. Occasionally, there is an entrant or other
type of challenger, e.g., Drillisch in Germany, Tele2 in Netherlands.

• Some auctions included set asides or caps intended to improve ex-post
competition but often do not work:

• Dutch 800MHz auction with set-asides: entrant was later acquired by an
incumbent.

• After German 4G , E-Plus, the only incumbent failing to win 800MHz blocks was
acquired by one of the winners

• Some auctions result in prices near starting price with equal splits→ more
likely when ex-ante market shares are close.
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Basic Theoretical Considerations

• Oligopolistic firms compete for capacity expanding spectrum

• Firms with larger spectrum holdings have larger market shares and margins
• Incumbent profits can be eroded if smaller firms catch up
• Particularly true for low-frequency spectrum

• Punchlines - stronger incumbents win more than proportional share of
spectrum and increase market shares ex-post. This effect is more
pronounced the more asymmetric the market is ex ante, which appears to
make it easier for the market to tip.

• This is what we’re looking for in the data
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Simple Theory Model

• Consider an auction in which one incumbent, faces one entrant, E.
• I starts with bandwidth B. A block of bandwidth ∆ < B is available in the

auction. If E wins block b ≤ ∆ the firms will compete, a la Cournot, with
constant marginal cost cI = C(B + ∆− b) and cE = C(b).

• Assume C′(·) < 0 and C′′(·) ≥ 0.
• Assuming linear demand, p = a− b(qI + qj), firm i ′s profits post auction will

be (a−2ci+cj )
2

9b , i 6= j if b > 0.

• If b = 0, I’s profit post auction will be (a−cI)
2

4b
• The following show that there can be a tradeoff between maximizing

consumer surplus and auction revenues. Further, auction design can matter.
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Profits and Welfare
Proposition
The allocation that maximizes the Consumer Surplus is either to give the new
entrant all the slots, or to give the incumbent all the slots, depending on which
minimizes consumer price.

Proposition
The allocation that maximizes total profit is to give the incumbent all the slots.

Proposition
Consider a sealed-bid single round Vickrey auction for a spectrum block ∆. The
incumbent wins the auction and gets all the spectrum.

Proposition
Consider two consecutive second-price, sealed-bid auctions for respectively ∆1
and ∆2 blocks with ∆1 + ∆2 = ∆. When the maximal willingness to pay
(parameter a) is sufficiently large, the entrant wins both auctions.
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Data

• We have operator level quarterly data from Q1 2009 to Q1 2019 from GSMA
• Focus on broadband subscriber numbers, 3G and 4G population coverage,

prices (ARPU) and investment (CAPEX)
• Classify operators into three broad groups based on pre-existing spectrum

allocation: PTT incumbents, other strong competitors, weaker competitors

• Combine this data with hand-collected data on 4G spectrum auction events in
European countries

• Observe: spectrum allocation by operator + total expenditures
• 44 distinct events separated into <1 GHz and >1 GHz
• We observe multiple auction events per country

• For now, consider first event of each type (< or > 1 GHz)

• Merge in country level controls (i.e., GDP, population density, population size)
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Descriptives: Total MHz Sold by Auction Type
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Descriptives: Spectrum Winnings by Operator and Auction Type

(a) < 1 GHz, Low 2009 Market Share
Dispersion

(b) < 1 GHz, High 2009 Market Share
Dispersion

(c) > 1 GHz, Low 2009 Market Share
Dispersion

(d) > 1 GHz, High 2009 Market Share
Dispersion 12 / 21



Descriptives: Probability that PTT/Strong Competitors Win Higher
Share of Spectrum than Market Share

(e) Low 2009 Market Share Dispersion (f) High 2009 Market Share Dispersion
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Descriptives: Auction Spending by Operator Type

(g) Total Paid (Million EUR) (h) Total Paid per MHz (EUR / MHz)

(i) Total Paid per Revenue (j) Total Paid per Subscriber (EUR/sub) 14 / 21



Effects of Having an Auction on Market Outcomes
• For country c in quarter t , we estimate:

Yct =αH
1 PostHighAuctionct + αL

1PostLowAuctionct

+ αH
2 PostHighAuctionct × High Init. Mkt Share Disp.c

+ αL
2PostLowAuctionct × High Init. Mkt Share Disp.c

+ βXct + δc + δt + εct

• Includes country, quarter FE, time-varying controls
• Allows for heterogeneity across ex-ante high and low mkt share dispersion

countries
• Estimate similar regression at operator level, separately for PTT, strong and

weak firms

• αs are the key parameters, should be identified by variation in auction timing
and Y across countries
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Identification/Estimation Challenges

• Obvious threat to identification: auctions aren’t randomly assigned!

• But in practice, timing of auctions depends on all sorts of bureaucratic and
technological constraints

• Not necessarily related to anything about competition or prices in the market

• We find no correlation between ex-ante observable country characteristics
and auction timing

• Tests of “pre-trends" also show zero pre-auction effects on main country-level
outcomes (i.e., HHI)
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Identification/Estimation Challenges
• Issues with estimating true αs using OLS regressions in event study settings

• OLS estimates are a weighted average of effects (Goodman-Bacon 2021)
• Averaging different combinations of “control" and “treated" countries, e.g:

• Countries with late auctions serve as “controls" for countries with early auctions in
early period

• But, mechanically, countries with early auctions also serve as “controls" for
countries with late auctions in late period

• Second comparison is not correct and could bias estimates

• Previously “treated" countries should not be used as “controls"
• Especially if auction effects become stronger over time (as we expect)

• Additional difficulty here: multiple events (high and low spectrum auctions)

• In progress: Callaway and Sant’Anna (2020) + de Chaisemartin and
D’Haultfeuille (2020 AER, 2020 WP) estimators that allow for multiple events
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Country Level Results

(1) (2) (3) (4) (5)
Outcome HHI Avg ARPU Avg 3G Coverage Avg 4G Coverage Avg ln(CAPEX)

After <1GHz Auction 119.069*** -0.179 2.054** 11.425*** -1.683***
× Low Init. Mkt Share Dispersion (30.129) (0.400) (0.866) (1.889) (0.588)
After <1GHz Auction 75.731*** 1.165** 0.279 -1.456 3.661***
× High Init. Mkt Share Dispersion (25.563) (0.471) (0.639) (3.334) (0.883)

After >1GHz Auction 28.348 0.089 1.360 -3.702** 0.082
× Low Init. Mkt Share Dispersion (30.270) (0.397) (0.979) (1.667) (0.589)
After >1GHz Auction -157.422*** -1.016** 0.489 11.914*** -2.694***
× High Init. Mkt Share Dispersion (23.505) (0.449) (0.732) (3.203) (0.865)

Country FE YES YES YES YES YES
Year/Quarter FE YES YES YES YES YES
Country Controls YES YES YES YES YES
Observations 1,012 1,012 1,012 1,012 1,012
R-squared 0.909 0.955 0.862 0.936 0.619
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Country Level <1GHz Event Study Effects on HHI
• Estimates from Callaway-Sant’Anna (2020) and de Chaisemartin and D’Haultfeuille (2020) estimators

• Controlling for other high-band auction event• Clearly show that effects don’t come in until at least a year after a low-band auction• STILL IN PROGRESS...
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Operator Level Results
(1) (2) (3) (4)

Outcome: ARPU (EUR) 3G Coverage (% Pop) 4G Coverage (% Pop) log(CAPEX)

Sample: PTT Incumbents

After <1GHz Auction -0.780 -1.648* 12.132*** 0.042
(0.491) (0.935) (3.360) (0.186)

After <1GHz Auction 1.359** 3.659*** -9.716*** -0.025
× High Init. Mkt Share Dispersion (0.625) (0.953) (3.372) (0.158)

After >1GHz Auction 1.306** -2.328** 3.983 -0.083
(0.524) (1.050) (3.783) (0.162)

After >1GHz Auction -2.224*** 4.498*** 13.151***
× High Init. Mkt Share Dispersion (0.722) (1.407) (3.759)

Sample: Other Strong Firms

After <1GHz Auction -0.115 -1.851*** 21.221*** 0.190
(0.578) (0.650) (3.357) (0.120)

After <1GHz Auction 1.532** 2.667*** -22.781*** 0.373*
× High Init. Mkt Share Dispersion (0.752) (0.839) (3.460) (0.220)

After >1GHz Auction -0.908 3.415*** -29.083*** -0.028
(0.635) (0.985) (5.969) (0.118)

After >1GHz Auction 0.951 -0.442 29.717*** -0.192
× High Init. Mkt Share Dispersion (0.877) (1.236) (6.301) (0.211)

Sample: Weaker Firms

After <1GHz Auction 0.860 8.982*** 11.630*** 0.270
(0.560) (1.280) (2.065) (0.176)

After <1GHz Auction 0.856 -18.960*** -23.520*** -0.149
× High Init. Mkt Share Dispersion (0.760) (2.118) (4.073) (0.229)

After >1GHz Auction -0.693 -7.572*** 10.104*** -0.245
(0.539) (1.296) (2.155) (0.180)

After >1GHz Auction 1.355* 13.108*** -1.269 0.383
× High Init. Mkt Share Dispersion (0.786) (2.032) (3.468) (0.253) 20 / 21



Conclusions

• We use novel hand-collected data to study the effects of auctions on mobile
competition

• Find substantial heterogeneity in effects of auctions on markets
• Dependent on ex-ante market shares and spectrum allocation
• Which in itself clearly depends on spectrum policies

• <1 GHz auctions increase concentration and firm prices in previously
concentrated markets

• Consistent with theoretical pre-emption models

• This is far from the final word - points to a broad empirical research agenda
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