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Max Scherzer, June/July 2014

1.2 ERA in 
37 innings 

2 WAR≈
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Max Scherzer, June/July 2014

1.2 ERA in 
37 innings 

2 WAR≈

3.3 ERA in 
41 innings 

0.9 WAR≈
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Which pitcher would you rather have?
Pitcher :A

Pitcher :B
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Which pitcher would you rather have?
Pitcher :A

Pitcher :B

Both pitchers average 5 runs/9 innings  0.0 standard WAR→



6

Pitcher :A

Pitcher :B

Both pitchers average 5 runs/9 innings  0.0 standard WAR→
Pitcher  will win 20 of the 30 starts   “real” WARB ≈ → ≈ 5

Which pitcher would you rather have?
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• Traditional estimates of WAR for pitchers map pitcher performance 
averaged over the entire season to wins:  


• FanGraphs WAR: map FIP (per inning) or RA (per nine) and IP to wins


• Baseball Reference WAR: same, with xRA


WAR(𝔼[R])

Averaging pitcher performance across games is wrong.
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Averaging pitcher performance across games is wrong.

• But WAR is a convex function of runs allowed:


•  decreases as  increases


• If it weren’t convex, you could lose a game more than once

WAR(R + 1) − WAR(R) R

• Traditional estimates of WAR for pitchers map pitcher performance 
averaged over the entire season to wins:  


• FanGraphs WAR: map FIP (per inning) or RA (per nine) and IP to wins


• Baseball Reference WAR: same, with xRA


WAR(𝔼[R])
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Averaging pitcher performance across games is wrong.

• By convexity, Jensen’s inequality: 


• The consequence of this math:


• Terrible games cause less damage


• Extraordinary games become more valuable


WAR(𝔼[R]) ≤ 𝔼[WAR(R)]
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• In estimating a starter’s seasonal WAR, we should not 
average his performance across games


• Instead, define a starter’s WAR in each game


• Seasonal WAR is the sum of the WAR of his individual games

The solution:  Game WAR



Defining Grid WAR for Starting Pitchers
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• Empirical grid (bin and average) – 
overfits massively


• Machine learning (monotonic XGBoost) 
— overfits at the tails (large )


• Parametric mathematical (Poisson) 
model — a powerful approximation 
technique, yielding reasonable grids 
for our application which vary across 
each league, season, and ballpark 
without overfitting 

R

The grid
•  = the (context-neutral) probability a team wins the game after 

giving up  runs through  complete innings
f(I, R)

R I

f
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•  = the probability a team wins the game after giving up  
runs through  complete innings (under some assumptions)


•  = the probability a team wins a game with a replacement-
level starter 

f(I, R) R
I

wrep

Grid WAR

• A starter’s Grid WAR for a game in which he allows  runs 
through  complete innings is .

R
I f(I, R) − wrep
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Adjusting for park, league, and season

•  is a function of  = the mean runs scored in a half-inning 


• Estimate  separately for each league-season


• Park effect  of a ballpark = the expected runs allowed in a 
half-inning at that park above that of an average park


• Park adjustment: recompute  but replacing  with 

f λ

λ

α

f λ λ + α
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Estimating the park effects α

Ours 

(Ridge 

Regression)

OLS
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Estimating wrep

• We estimate  to match 
FanGraphs’ definition of 
replacement-level


• For each season, find  such that 
the sum of all starters’ Grid WAR 
equals the sum of FanGraphs WAR


• Starters have become less valuable 
over time because they pitch fewer 
innings per game and relievers have 
gotten better

wrep

wrep

•  = the (context neutral) probability a team wins a game with a replacement-level starterwrep



Results 
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Which pitcher would you rather have?

The color indicates the number of games thrown by Pitcher  (left), Pitcher  
(middle), and the Difference (right) in 2019 with  Runs Allowed through  Innings.

A B
x y
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Averaging allows worse games to dilute better games

The color indicates the number of games thrown by Fiers (left), Nola (middle), 
and the Difference (right) in 2019 with  Runs Allowed through  Innings.x y
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Averaging undervalues variance
• All pitchers have great 

games, but good pitchers 
(blue) have few terrible 
games. 


• By convexity, Grid WAR 
caps the impact of these 
terrible games.


• Thus, averaging generally 
undervalues high variance 
pitchers.

Bad pitchers
Mediocre pitchers
Good pitchers

Bin pitchers into 
three equally 
sized bins by 
quality:



21

Grid WAR is historical, but also predictive!

• Past Grid WAR is 
more predictive than 
past FanGraphs WAR 
of future Grid WAR. 

• This suggests game-
by-game variance is 
a fundamental trait of 
starting pitchers, 
rather than just purely 
noise.
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Extreme disagreements between GWAR and FWAR

• For many starters, Grid WAR is similar to FanGraphs WAR. 


• Grid WAR, however, looks much more favorably upon the 
careers of some starters with intrinsic game-by-game variance 
(that is, the occasional tendency to pitch an awful game). 
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• Ford is an extreme high variance pitcher.  

• 1961 Cy Young winner (7.2 GWAR, 3.7 BBRef WAR, 3.43 RA9):


• started 39 games 


• 6 complete game shutouts, 18 great games (>0.25 GWAR)


• 7 blow-up games (  GWAR).< − 0.1

Whitey Ford
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The best starting pitcher-seasons

• Which starting pitcher-season (after 1951) has 


• the highest total Grid WAR+?


• the highest Grid WAR+ per game (min. 25 starts)?

• Note: Grid WAR+ adjusts for opponent quality
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The best starting pitcher-seasons (post 1951)

• 1966 Koufax: 8 complete game shutouts, 9 one-run complete games, 41 total games, but 3 blow-
up games (< -0.1 GWAR); it is just the  best season according to FWAR (RA/9) and the  
best season by FWAR (FIP) 


• 2000 Pedro: had zero blow-up games (< -0.1 GWAR), just three negative GWAR games (worst 
-0.071 GWAR)

6th 20th
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The best starting pitcher careers

• Which starting pitcher (after 1951) has 


• the highest career Grid WAR+?


• the highest career Grid WAR+ per game (min. 100 starts)?

• Note: Grid WAR+ adjusts for opponent quality
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The best starting pitcher careers (post 1951)

• Just three of the top 25 starters by career Grid WAR began their career after 2000.


• Top starters back then pitched more games per season and pitched more innings per game.
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The starting pitcher Hall of Fame

• Who is the best starting pitcher who didn’t make the hall of fame? 

• excluding active players, recently active players, players mired 
by steroid controversy, and players mired by other 
controversy
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The starting pitcher Hall of Fame

Hall of Fame Score = GeomMean(Career GWAR Rank, Peak GWAR Rank)

GeomMean(a, b) = a ⋅ b



Introducing Grid WAR: 
Rethinking WAR for Starting Pitchers
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• WAR for starting pitchers should be estimated separately for each 
game.


• Averaging pitcher performance across his games allows his terrible 
game performances to dilute his great ones.

• Thank you! 
• Twitter: @RyanBrill_ and @adiwyner 
• Email: ryguy123@sas.upenn.edu 
• Grid WAR website: gridwar.xyz 
• Paper available online

•Thanks to those who contributed to earlier 
versions of this project: 
•Eric Babitz 
•Sam Bauman 
•Justin Lipitz, Emma Segerman, Ezra Troy


