Predicting Postseason Success
in the NBA, MLB, and NFL
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Motivation

Americans Lose 119 Billion Through Gambling
Biggest gambling losses by country in 2013 (in billion U.S. dollars)
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Linear Regression - Using Team PER to
Predict Playoff Teams

>

Player Efficiency Rating (PER) is a widely available metric originally calculated by
John Hollinger. It is a metric used to rate players with a single number such that
the league average is 15.
We create a new metric called Team Player Efficiency Rating (Team PER) which is
a weighted average of PER for the 12 most active players for each NBA team.

12
Team PER = Z[(MPZ.)(PERZ.)] ?/r\:k;e;eealvlsz; minutes played
i=1

This player-centric metric accounts for many variables such as..

> A single player’s contribution to his team

> The effect of “all-star” players

>  Roster changes due to injury, mid-season trades, or coaching decisions
We compare this metric to win ratio (simply the ratio of each teams wins and
losses in a regular season) in order to measure its effectiveness.
In the following slides Team PER is used to predict which teams will make the
NBA playoffs for the 2011-12 through 2016-17 seasons, boasting 100% accuracy in
predicting the top 4 seeded teams in each conference and 89% accuracy overall.



Team Win Ratio

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Correlation between Team PER and Win Ratio, 2014-15

R

R"2=0.758

MIN

GS

I
200000

I
220000

I
240000

I I
260000 280000

Calculated Team PER

T
300000

I
320000

I
340000



Team Win Ratio

Correlation between Team PER and Win Ratio, 2015-16
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Season Season

2011-12 Actual EC Predicted EC |Actual WC Predicted WC 2014-2015 |Actual EC Predicted EC Actual WC |Predicted WC
1 CHI CHI 253877 SAS OKC 260523 1 ATL TOR 320476 GSW GSW 336289
2 MIA MIA 251806 OKC SAS 253398 2 CLE ATL 310846 HOU LAC 325763
3 IND PHI 249420 LAL LAC 249391 3 CHI CHI 307874 LAC SAS 311919
4 BOS IND 244012 MEM UTA 248077 4 TOR CLE 302036 POR NOP 303474
5 ATL ATL 242936 LAC LAL 243624 5 WAS WAS 281136 MEM DAL 296073
6 ORL ORL 232708 DEN DEN 243412 6 MIL BKN 273592 SAS MEM 294471
7] NYK NYK 219837 DAL |[NPHNSSRASONN 7 BOS DAL POR 291749
8 PHI BOS 213525 UTA DAL 235771 8 BKN MIL 272233 NOP

2012-13 Actual EC Predicted EC Actual WC Predicted WC 2015-2016 | Actual EC Predicted EC | Actual WC | Predicted WC
1 MIA MIA 338151 QOKC OKC 336245 1 CLE TOR 311118 GSW GSW 336908
2 NYK BKN 303754 SAS DEN 326531 2 TOR CLE 304757 SAS OKC 326744
3 IND NYK 299704 DEN LAC 322063 3 MIA MIA 298667 OKC SAS 320583
4 BKN IND 285194 LAC SAS 304600 4 ATL BOS 292786 LAC LAC 297154
5 CHI MEM LAL 302604 5 BOS CHA 291437 POR POR 296294
6 ATL MIL 282358 GSW 6 CHA ATL 289697 DAL
7 BOS CHI 282122 LAL HOU 292760 7 IND MEM
8 MIL ATL 278504 HOU GSW 289922 8 DET IND 286537 HOU HOU 288746

2013-14 Actual EC | Predicted EC Actual WC Predicted WC | 2016-2017 | Actual EC Predicted EC | Actual WC | Predicted WC
1 IND MIA 319437 SAS DAL 323840 1 TOR 243334 GSW 255098
2 MIA TOR 291083 QKC OKC 318545 2 BOS 226423 HOU 245325
3 TOR WAS 286615 LAC LAC 318206 3 CLE 223718 SAS 238105
4 CHI ATL 284893 HOU SAS 314618 4 gy WAS 222316 e LAC 234133
5 WAS CHI 279594 POR HOU 314283 5 IND 220815 MIN 230704
6 BKN IND 274294 GSW POR 312229 6 MIL 220563 DEN 226816
7|  cHa | cHA 274041 MEM Hi CHI 220144 UTA 219905
8 ATL BKN 271046 DAL GSW 299413 8 DET 220089 POR 215618




Markov Chain Monte Carlo

» Distribution sampling method involving simulating the construction of
a Markov chain
> Equilibrium distribution of the simulated Markov chain is the
desired distribution

» Applications towards sports: estimating the probability of a particular
team being the “top team” in a given set (playoff teams)
> NBA, MLB, and NFL
> Probabilistic rankings

» Markov chain: each state represents the current belief as to which
team in a particular playoffs is the actual “top team”
>  State transition probabilities: comparing the current “top team”
against a randomly chosen “check team”
> Head-to-head scoring differential



Results: NBA

[1] "Year: 2015-2016"

DAL HOU MIA CHA ATL LAC BOS
0.01419716 ©.02199560 0.02519496 0.02659468 ©.02959408 0.03199360 0.03199360 0.03259348
IND DET TOR CLE OKC SAS GSW

0.03499300 0.03559288 0.04239152 ©.05278944 ©.08198360 ©0.08558288 0.12157568 0.33093381

First Round ‘ ‘ Conference Semifinals Conference Finals NBA Finals

Eastern Conference

Source: wikipedia.org/wiki/2016_NBA_Playoffs

[1] "Year: 2014-2015"

BOS MIL NOP POR DAL
0.01299740 0.01619676 0.01659668 0.02959408 0.03079384 0.03659268 0.04119176 0.04419116
LAC HOU CHI MEM SAS CLE ATL GSW

0.04519096 0.05478904 0.05638872 0.05958808 0.08858228 0.09058188 0.10397920 0.27274545

First Round |

o

Conference Finals NBA Finals

E1
E8

Eastern Conference

Source: wikipedia.org/wiki/2015_NBA_Playoffs



Results: MLB and NFL

[1] "Year: 2016" [1] "Year: 2016"
CLE NYM WSH TEX SF CHC BAL LAD HOU SEA GB NYG DAL ATL KC MIA
0.04039192 0.05658868 0.06918616 0.06938612 0.07178564 0.08778244 0.12377524 0.12597481 0.07958408 0.08078384 ©0.08178364 0.08178364 0.08198360 0.08298340 0.08318336 0.08478304
TOR NE 0AK PIT DET
0.16836633 0.18676265 0.08498300 0.08498300 0.08618276 0.08698260

Jan 8 - Heinz Field

Wild Card Game Division Series League Championship Series World Series 6! Miami 12 Jan 15 — Arrowhead Stadium
(ALWCG, NLWCG) (ALDS, NLDS) (ALCS, NLCS) 3| Pittsburgh 18
3| Pittsburgh 30
2| Kansas City 16
Texas Rangers 0 Jan 22 - Gillette Stadium
AFC
Toronto Blue Jays 1 Toronto Blue Jays 3 3| Pittsburgh 17
Baltimore Orioles 0 American League £ Jan 7 - NRG Stadium . ) 1| New England 36
Py Clovelana indians | 4 | Jan 14 - Gillette Stadium
Cleveland Indians 3 5| Oakland 14 AFC Championship
4| Houston 16
Boston Red Sox 0 4| Houston 27
1| New England 34
= Wikd Cand Play Feb 5~ NAG Stadium
A ChicagoCubs | Divisional Playoft
I - WislonaiEiayors A1 | New England 34*
Chicago Cubs 3
: . g Jan 8 — Lambeau Field N2 | Atlanta 28
4 [ @ 2 i Yo . Jan 15 — AT&T Stadium il
icago i uper Bowl
[l San Francisco Giants | 1 National League 2 2| YCiants i3 4| Green Bay 34 B
Gl Los Angeles Dodgers [ 2 | 4| Green Bay 38
1| Dallas 31
Jan 22 — Georgia Dome
NEG 4| Green Bay 21
Jan 7 — CenturyLink Field 2| Atlanta a4
Jan 14 — Georgia Dome
6| Detroit 6 NFC Championship
Source: wikipedia.org/wiki/2016_Major_League_Baseball_season P [Soatde = 3| Seattle 20
2| Atlanta 36

Source: wikipedia.org/wiki/2016-17_NFL_playoffs



Discussion

Regular Season as Indicator of Playoff Success
° NBA

o 82 game regular season: 30 teams and 15 make playoffs
m  Over past five years, top seed average record was .807 and bottom seed
was .482
o  Seven game series and least stochastic playoff results
m  Average of 100 possessions per team
m Steady accumulation of points over game
° MLB
o 162 game regular season: 30 teams and 10 make playoffs
m  Over past five years, top seed average record was .611 and bottom seed was
542
o  Seven game series but each individual game is a very stochastic result
m  Average of 34 at bats per team
m Number of runs close to a random walk
m  Greater variance game to game because scoring comes in bunches
° NFL
o 16 game regular season: 32 teams and 12 make playoffs
m  Over past five years, top seed average record was .8375 and bottom seed
was .5375
o  One game matchups each round of playoffs
m  Average of 12 possessions per team
m  Big play potential
e Conclusion - NBA produces postseason champions most aligned with regular season
performance




Quality of Champions Across Sports

Pythagorean Expectation Pythagorean Simple
Expectation Rating
4 1 System
Win Ratio = mn: e o= T =
runs scored” + runs allowed” 1+ (runs allowed /runs scored) League MeanRank Median Mean Mean  Median Mean
Champions Rank Z- Rank Rank
Simple Rating System from 1995- Score
2013
Compares runs/goals/points to NFL 53 45 134 47
league average for the season, while
S : MLB 5.8 4 110 6.5
taking into account a team’s strength
of schedule NBA 3.3 2 147 3.3

Source: Harvard Sports Analysis: Undeserving Champions: Examining Variance in the Postseason
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Appendix:

[1] "Year:
ORL
0.01459708
IND
0.05178964
[1] "Year:

BOS
0.02559488
IND
0.04899020
[1] "Year:

ATL
0.02139572
GSW
0.05178964
[1] "Year:

BOS
0.01299740
LAC
0.04519096
[1] "Year:

MEM
0.01419716
POR

2011-2012"

NYK
0.02399520
MIA
0.05758848
2012-2013"

MIL
0.02739452
NYK
©.07058588
2013-2014"

CHA
©.03039392
LAC
@.06658668
2014-2015"

MIL
0.01619676
HOU
0.05478904
2015-2016"

DAL
0.02199560
IND

PHI
0.02619476
LAL
©.05838832

BKN
©.03039392
LAC
0.07938412

WAS
©.03559288
POR
@.07238552

BKN
0.01659668
CHI
0.05638872

HoU
0.02519496
DET

UTA
0.03179364
MEM
0.06398720

GSW
0.03079384
MEM
©.08198360

CHI
0.03979204
IND
0.07478504

TOR
0.02959408
MEM
0.05958808

MIA
0.02659468
TOR

ATL
0.03199360
CHI
0.11197760

ATL
0.03279344
OKC
0.08258348

DAL
0.04139172
HOU
0.08398320

WAS
©.03079384
SAS
©.08858228

CHA
0.02959408
CLE

©.03499300 @.03559288 0.04239152 0.05278944 0.08198360

MCMC Results |

BOS
0.03399320
DEN
0.11297740

CHI
0.03459308
SAS
0.08538292

MEM
0.04419116
SAS
0.104579@8

NOP
©.03659268
CLE
©.09058188

ATL
©.03199360
OKC
0.08558288

DAL
0.03639272
OKC
8.12517497

LAL
©.03759248
DEN
©.10717856

TOR
©.04819036
MIA
@8.10637872

POR
9.04119176
ATL
0.10397920

LAC
0.03199360
SAS
8.12157568

LAC
©0.05138972
SAS
0.16776645

HoU
0.04659068
MIA
©.17816437

BKN
©0.04939012
0KC
0.12917417

DAL
0.04419116
GSwW
0.27274545

BOS
0.03259348
GSW
©0.33093381




Appendix: MCMC Results Il

[1] "Year:
STL
0.04539092
TEX
0.14997001
[1] "Year:

TB
9.04539092
PIT
©.13957209
[1] "Year:

STL
0.03659268
0AK
0.17396521
[1] "Year:

NYM
9.02099580
HOU
9.17396521
[1] "Year:

CLE
0.04039192
TOR
0.16836633

2012"

ATL
0.05218956

NYY
0.23295341
2013"

CLE
©0.05158968

DET
©.14957009
2014"

WSH
0.04299140

DET
0.18196361
2015"

LAD
0.02239552

TOR
0.27674465
2016"

NYM
0.05658868
BOS
0.18676265

SF BAL CIN WSH 0AK DET
0.06118776 0.08078384 0.08558288 ©0.08958208 0.09478104 0.10757848

CIN STL LAD 0AK BOS ATL
0.06638672 0.09258148 0.10717856 ©.11257748 0.11397720 0.12117576

SF PIT LAD BAL KC LAA
0.05298940 0.06878624 0.08738252 0.10277944 0.12357528 0.12897421

CHC STL PLT NYY KC TEX
0.04919016 0.05558888 0.06078784 0.08698260 0.09738052 0.15596881

WSH TEX SF CHC BAL LAD
0.06918616 ©.06938612 0.07178564 0.08778244 0.12377524 0.12597481




Appendix: MCMC Results I

[1] "Year:

NE
0.07638472
SF
0.08458308
[1] "Year:

CIN
0.07458508
SEA
0.08458308
[1] "Year:

DAL
0.07958408
DET
0.08498300
[1] "Year:

DEN
0.07718456
CAR
0.08738252
[1] "Year:

HOU
0.07958408
NE
0.08498300

2012"

HOU
©.07898420

SEA
©.08478304
2013"

SF
0.07878424
CAR
0.08638272
2014"

SEA
©0.07958408

PIT
0.08658268
2015"

GB

BAL
0.08318336
IND
0.08518296

IND

CIN
0.08318336
DEN
0.08718256

DEN

ATL
©.08378324

SD

0.08078384 0.08178364 0.08198360

NO
0.08778244

GB
0.07978404
DEN
0.08798240

PIT

PHI
0.09318136

IND
0.08138372
BAL
0.08858228

HOU

NE
0.08138372

SEA

©.07878424 0.07918416 0.07978404 0.07998400

ARI

NE

KC

©.08918216 0.08918216 0.08998200

2016"

SEA

GB

NYG

DAL

©.08078384 0.08178364 0.08178364 ©.08198360

0AK

PIT

DET

©.08498300 0.08618276 0.08698260

WAS
0.08398320

NE
0.08238352

CAR
0.08298340

CIN
0.08198360

ATL
0.08298340

MIN
0.08418316

GB
0.08358328

CIN
0.08318336

MIN
0.08298340

KC
0.08318336

GB
©.08458308

KC
©0.08418316

ARI
0.08398320

WAS
©.08438312

MIA
0.08478304




