




Table 6: Naïve damages in target auctions with two or more ring members active in corresponding knockout
By final price in target auction

0-500 501-1000 1001-2000 2001-3000 3001-5000 5001-7000 7001-10000 10000+ Aggregate
Mean target price ($) 314                745                 1,483                     2,527                3,929                     5,940                 8,514               17,180                 1,986                      
Mean highest knockout bid ($) 471                1,066               1,996                     3,187                 5,918                     8,041                  10,428             23,840               2,718                      
Mean total sidepayments ($) 42                  92                    154                        245                   622                        697                    526                  1,910                   222                         
Total naïve damages ($) 28,390          53,460            68,000                  51,950              113,150                  65,500               38,950            95,500               514,900                 
Mean naïve damages ($) 83                  184                  308                        490                   1,243                     1,394                  1,053               3,820                  445                        
Number of lots won by ring 203                162                  112                         50                     55                          29                      23                    15                        649                        
Total number of lots 341                290                 221                        106                    91                           47                       37                    25                       1,158                       

By number of ring members in knockout
2 3 4 5 6 7 8 Aggregate

Mean target price ($) 1,314              2,014               2,217                     2,249                2,098                     2,979                 4,790              1,986                      
Mean highest knockout bid ($) 1,281              2,327              3,197                     3,282                3,301                      5,750                 9,496              2,718                      
Mean total sidepayments ($) 12                   96                    249                       211                     365                        895                    1,898               222                         
Total naïve damages ($) 8,920            50,095            97,540                  60,760              66,415                   132,470             98,700            514,900                 
Mean naïve damages ($) 24                  193                  498                       422                   730                        1,790                  3,796               445                        
Number of lots won by ring 133                 126                  136                        98                     67                          64                      25                    649                        
Total number of lots 367                260                 196                        144                    91                           74                       26                    1,158                       

By auction house
Christies HR Harmer Daniel Kelleher Ivy Mader Matthew Bennet Robert Siegel Sotheby's Spink America Aggregate

Mean target price ($) 1,687             1,200               854                       1,567                 3,650                     1,704                  4,224              1,987                  1,986                      
Mean highest knockout bid ($) 1,658             1,689               1,405                     1,942                5,917                      2,069                 4,248              2,703                  2,718                      
Mean total sidepayments ($) 67                  110                   108                        46                     681                         169                     103                   225                     222                         
Total naïve damages ($) 6,730             88,360            13,225                   7,065                283,200                88,165                14,660             13,495                514,900                 
Mean naïve damages ($) 135                220                 217                        93                      1,362                      338                     206                  450                    445                        
Number of lots won by ring 9                    254                 42                          42                     144                        109                     33                    16                        649                        
Total number of lots 50                  401                  61                           76                      208                        261                     71                     30                       1,158                       

 
 
 
 



 
 
Figure 2: Estimated bid function for a strong bidder in the model with unobserved auction level 
heterogeneity. The CDF of the highest valuation amoung non-ring bidders is also shown. 
(Constructed using an auction-specific common element of 600 and a 70% chance of facing 
another strong bidder in the knockout.) 
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Table 7: Damages to the seller 
Model: With unobserved auction hetrogeneity No unobserved auction hetrogeneity

Assumption Point 90% Confidence interval: Point 90% Confidence interval:
estimate Lower bound Upper bound estimate Lower bound Upper bound

Mean naïve damages ($) 67.25 48.49 143.49 149.53 92.93 196.20
Mean damages ($) U. B. 35.16 21.00 77.58 105.02 52.07 141.70

L. B. 27.91 11.17 69.37 98.13 42.22 135.77
Mean damage ratio U. B. 0.96 0.92 0.98 0.88 0.84 0.93

L. B. 0.97 0.93 0.99 0.89 0.85 0.95
Proportion of auctions with Pr>Pc U. B. 0.00 0.00 0.00 0.00 0.00 0.00

L. B. 0.18 0.05 0.23 0.097 0.040 0.17
Mean damage ratio (Pr>Pc) L. B. 1.05 1.02 1.14 1.10 1.03 1.41
Proportion of auctions with Pr<Pc U. B. 0.23 0.16 0.38 0.34 0.23 0.44

L. B. 0.23 0.16 0.38 0.34 0.23 0.44
Mean damage ratio (Pr<Pc) U. B. 0.83 0.75 0.89 0.64 0.57 0.74

L. B. 0.83 0.75 0.89 0.64 0.57 0.74
Proportion of auctions with Pr=Pc U. B. 0.77 0.62 0.84 0.66 0.56 0.77

L. B. 0.59 0.46 0.73 0.57 0.46 0.68
Proportion of target auctions won 0.35 0.09 0.46 0.37 0.18 0.45
Simulated auctions 100000 100000
Notes: Damage ratio is the ratio of the price received with the ring to the price received with competitive bidding. All means are over target auctions that
 the ring won (unless further conditioned as noted). L. B. = Lower Bound, U. B. = Upper Bound. Pr refers to the price sellers receive with the ring, 
Pc is the price with competitive bidding. Confidence intervals are boostraped with 5,000 iterations.  

 
 
 
 

Table 8: Damages to the non-ring bidders
Model: With unobserved auction hetrogeneity No unobserved auction hetrogeneity

Point 90% Confidence interval: Point 90% Confidence interval:
estimate Lower bound Upper bound estimate Lower bound Upper bound

Damages due to misallocation:
   Proportion of target auctions ring won 0.35 0.09 0.46 0.37 0.18 0.45
   Proportion of target auctions ring won with damages 0.18 0.05 0.23 0.097 0.040 0.17
   Mean damages (conditional on ring winning target auction, $) 7.24 1.59 16.03 6.89 1.65 18.46
Damages due to price inflation:
   Mean damages (conditional on ring not winning target auction, $) 98.04 64.08 138.14 112.36 90.18 133.18
# Simulated auctions 10000 100000
Notes: All estimates obtained using the lower bound assumption. Confidence intervals are boostraped with 5,000 iterations.

 
 
 
 
 
 

 
 
 

 



Table 9: Impact on market efficiency 
Model: With unobserved auction hetrogeneity No unobserved auction hetrogeneity

Point 90% Confidence interval: Point 90% Confidence interval:
estimate Lower bound Upper bound estimate Lower bound Upper bound

Mean efficiency loss ($) 7.24 1.58 16.44 6.89 1.65 18.46
Mean proportional efficiency losses:

Ring active 0.003 0.0002 0.006 0.003 0.0005 0.007
No ring bidders 0.08 0.02 0.12 0.14 0.07 0.18
Only ring bidders 0.27 0.21 0.41 0.38 0.29 0.55

Proportion of target auctions won 0.35 0.09 0.46 0.37 0.18 0.45
# Simulated auctions 100000 100000
Notes: Means are conditional on the ring winning. The mean proportional efficiency losses are averages over all auctions, 
not just those won by the ring. Confidence intervals are boostraped with 5,000 iterations.

 
 
 
 
 
 

Table 10: Returns to the ring 
Model: With unobserved auction hetrogeneity No unobserved auction hetrogeneity

Point 90% Confidence interval: Point 90% Confidence interval:
estimate Lower bound Upper bound estimate Lower bound Upper bound

Mean naïve return (equiv. damages, $) 67.25 48.49 143.28 149.53 92.93 196.20
Proportion of ring wins that harmed ring 0.18 0.05 0.23 0.097 0.040 0.17
Mean return to ring (harm, $) -7.24 -16.03 -1.59 -6.89 -18.53 -1.65
Mean return to ring (benefit, $) 35.16 21.00 77.56 105.02 52.07 141.70
Mean return to ring (net, $) 27.91 11.17 70.30 98.13 42.22 135.77
Mean proportional price discount 0.96 0.92 0.98 0.88 0.84 0.93
# Simulated auctions 100000 100000
Notes: All means are over target auctions that  the ring won. Confidence intervals are boostraped with 5,000 iterations.

 
 



Panel A: Density of Ring Bids and Non-Ring Values
Estimates from a Triweight Kernel Density estimate with a 'rule-of-thumb' bandwidth as described in text. 
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Panel B: Density of Ratio of Highest Non-Ring Value to Winning Knockout Bid
Estimates from a Triweight Kernel Density estimate with a 'rule-of-thumb' bandwidth as described in text. 
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Panel C: Density of Ratio of Highest Non-Ring Value to2nd Highest Knockout Bid
Estimates from a Triweight Kernel Density estimate with a 'rule-of-thumb' bandwidth as described in text. 
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Panel D: Density of Ratio of Highest Strong Knockout Bids to 2nd Highest (Strong) Bids
Estimates from a Triweight Kernel Density estimate with a 'rule-of-thumb' bandwidth as described in text
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Panel E: Density of Ratio of Weak Knockout Bids to Strong Knockout Bids
Estimates from a Triweight Kernel Density estimate with a 'rule-of-thumb' bandwidth as described in text

 
 

Figure 3: Indications of model fit: Model with unobserved auction hetrogeneity 




