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I. Introduction 

The National Basketball Association (NBA) is one of the United States’ major athletic 
leagues and is the top basketball league globally. The league has seen drastic growth recently, 
more than doubling revenue between 2001 to 20161. It has grown in popularity not only within 
the domestic United States market, but also abroad in emerging markets such as China. The 
NBA is also generating alternative revenue streams such as with sponsored uniform patches. Yet 
according to one report, nearly half of the teams in the NBA lost money during the 2016-2017 
before revenue-sharing payouts were given. Even after these payouts, 30% of NBA teams still 
lost money2.  

One of the major operating costs for NBA teams are player salaries, which are arguably 
inefficiently distributed. A team could distribute salary similar to a manner found in other fields, 
such as medicine. Unlike the NBA’s concept of a maximum salary (a wage ceiling that NBA 
teams cannot break), there is no steadfast restriction on the maximum amount that an individual 
can earn in the open labor market. Yet a potential drawback of this strategy could be a 
concentration of wealth to the top players, leaving very little in salary for the average NBA 
player. This phenomenon has been visible in the U.S. recently3, as there has been a significant 
rise in income inequality between the upper income brackets and the middle class. Nevertheless, 
a meritocratic salary distribution could be well-received by players, as they can instantly point 
towards a production-related metric such as points per game to qualify their value.   

An NBA roster consists of a variety of players ranging in height, age, experience, skill level, 
etc. A player is added to an NBA roster via either free agency, the NBA draft, or by trade. Each 
player contributes to the overall performance of a team’s roster in exchange for a salary, similar 
to a worker of a large corporation. Yet the contributions of the corporate worker are difficult to 
quantify via metrics as nobody necessarily logs windows cleaned, presentations created, or lines 
of code completed. However, a NBA player’s production can be tied to their salary to a certain 
extent as there are a multitude of production-related statistics readily available. A player’s 
production is analogous to an asset’s return on an investment. Extending this analogy, a roster of 
players could be considered similar to a portfolio containing a variety of assets (players). Both 
portfolio managers and NBA owners ideally seek to maximize the return on their respective 
investments, which is why portfolio theory could be applicable to constructing an NBA roster 
with regards to distributing salary.  

The Markowitz Model of portfolio theory could provide a valuable tool for determining the 
allocation of salary within the context of the NBA’s salary cap (the limit that NBA teams can 
pay its roster). The application of Markowitz to an NBA roster provides an alternative method of 

                                                           
1 Forbes. "Total Nba League Revenue* from 2001/02 to 2015/16 (in Billion U.S. Dollars)." Statista - The Statistics 
Portal, Statista, www.statista.com/statistics/193467/total-league-revenue-of-the-nba-since-2005/, Accessed 25 
Sep 2017 
2 http://www.espn.com/nba/story/_/id/20747413/a-confidential-report-shows-nearly-half-nba-lost-money-last-
season-now-what 
3 Saez, Emmanuel, and Gabriel Zucman. "Wealth inequality in the United States since 1913: Evidence from 
capitalized income tax data." The Quarterly Journal of Economics 131.2 (2016): 519-578 
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analyzing a player’s value relative to his teammates and identifying players that are potentially 
underpaid by their respective teams.         
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I. Literature Review 

In 1952, Harry Markowitz discussed in his literature, the use of including an asset’s 
variance in conjunction with the asset’s rate of return to develop a strategy for asset allocation 
within a portfolio. He explains a rationale for diversification, stating that there is a set of 
portfolios such that for an expected return, there is a portfolio that minimizes variance. The 
portfolios that fall into this categorization are considered to be efficient combinations that create 
an “efficient frontier”. Markowitz’s theory provided the groundwork for asset allocation 
strategies that have broad implications within and outside of the world of finance. Yet one 
weakness of the model is the assumption that there is such thing as a risk-free asset when this 
asset does not necessarily exist. From a financial standpoint, this asset is usually considered to be 
a U.S. treasury bond, but the bond typically still faces risks associated with inflation and 
government interest rate fluctuations. Although this assumption may detract from some of the 
efficacy of Modern Portfolio Theory, Markowitz’s model provides a framework that can be used 
for applications outside of the purview of the model’s original intent. The construction of a NBA 
roster is analogous to that of a portfolio in that the respective owners of the team and portfolio 
both seek to maximize return while minimizing risk. 

Modern Portfolio Theory is just one tool that can assist in determining a player’s value.  
Conducting research on NBA labor economics, Jerry A. Hausman and Gregory K. Leonard 
(1997) discuss the economic value of superstars in the NBA in their paper Superstars in the 
National Basketball Association: Economic Value and Policy. Their study states that games 
featuring superstars have significantly higher TV ratings, leading to a notion of the “superstar 
externality”. Hausman and Leonard state that the excess generated by the superstar externality is 
corrected for by the implementation of a salary cap system, potentially to the point of 
overcorrection depending on the initial size of the externality. The effects discussed in their 
study are certainly relevant in today’s NBA labor economy, but the small-market problem may 
not be as prevalent, due to the presence of superstars on many small-market teams today. As 
well, Hausman and Leonard view the value of a player relative to the revenue that the player 
generates via improved TV ratings and gate receipts. Although popularity and productivity are 
likely correlated, a player’s wage should be determined primarily by his production. 
Furthermore, Hausman and Leonard suggest an alternate salary system based upon a flat tax. The 
tax revenue generated would be given to small-market teams, thereby protecting smaller teams 
from exorbitant spending by larger-market teams. Yet, the NBA appears unlikely to stray from 
the salary-cap system that has still remained in place, nearly two decades after Hausman and 
Leonard’s paper.  

Within Sherwin Rosen and Allen Sanderson’s 2001 study, Labour Markets in Professional 
Sports, the authors approach the labor market of sports by framing the market in terms of its 
supply and demand. Within a competitive labor market, the authors state that an individual’s pay 
is proportional to their marginal productivity; however, within the context of a sports market 
there are restrictions such as the salary cap and wage ceilings. Rosen and Sanderson focus on 
“the reserve clause” which allowed teams to sign exclusive contracts with players, preventing 
them from joining another team unless the player’s contract was transferred. The intent behind 
this rule was to initially to prevent the exodus of small-market players moving to larger-markets; 
however, the authors state that “the reserve option contract in sport was widely recognized by 
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owners and others as a mechanism to restrict salaries”. Yet there is potential for this line of 
argument regarding the reserve clause to be applicable to the maximum salary. There are similar 
concerns today that the wage ceiling within the NBA protects smaller-market teams from 
encroachment by larger-market teams and it also allows for a level of competitive balance. 

Rather than viewing the players as solely assets, an alternative analysis of NBA salary 
allocation strategy could utilize the literature on income inequality. In Emmanuel Saez and 
Gabriel Zucman’s 2016 study, Wealth Inequality in the United States since 1913: Evidence from 
Capitalized Income Tax Data, the authors discuss that the wealth share of the top 0.1% has 
increased from 7% in 1978 to 22% in 2012, while the bottom 90% of wealth share has steadily 
declined since the mid-1980’s. The factors motivating these trends of income inequality are the 
rising incomes of the 0.1% alongside the increased saving rate of this upper bracket. Saez and 
Zucman state that savings rates tend to rise with wealth as the bottom 90% save around 3% of 
their wealth, while the top 1% save closer to 20-25% of their wealth. These results could be 
applicable to wage allocation in the NBA when considering the possibility of eliminating a 
maximum salary. Except for potential artificial barriers to wage earnings, there are not many 
comparable wage ceilings, outside of sports. Therefore, if the NBA eliminates the maximum 
salary, there is the potential that not only do players migrate to larger markets, but also the share 
of the salary cap increasingly becomes concentrated with the top players, reducing the available 
portion of the salary cap available to the “middle-class” of players. Yet, this movement towards 
larger markets may not necessarily occur as Saez and Zucman discuss how the increased saving 
rate of the wealthy is another contributing factor to the discrepancy between the middle-class and 
the wealthy. This issue is less pertinent with regards to the NBA and potentially limits the 
application of Saez and Zucman’s research in support of the NBA’s maximum salary. 

One of the results of wealth inequality is potentially that workers reduce their effort if their 
wages do not correspond with their production. George Akelrof and Janet Yellen focus upon this 
relation within The Fair Wage-Effort Hypothesis and Unemployment. Akelrof and Yellen’s 
hypothesis dictates that the effort expended by workers is proportional to their perception of their 
current wage (w) relative to what they consider to be a fair wage (w*).  

 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = min (𝑤𝑤
𝑤𝑤∗  , 1) 

The value of a fair wage, based on the hypothesis, fluctuate inversely based on unemployment 
rates (i.e. at high rates of unemployment, individuals would consider lower wages to be fair). 
One model of their hypothesis focuses upon the assumption that the population is divided into a 
high-skilled labor group and a low-skilled labor group. Within this model, Akelrof and Yellen 
refer to multiple equilibria, although only the “integrated equilibrium” is pertinent to the NBA, in 
that all firms (NBA teams) employ some mix of both high-skilled and low-skilled workers. This 
integrated equilibrium states that high-skill workers are fully employed, while there is some 
unemployment for low-skill workers. Within the integrated equilibrium, high-skill players are 
paid more than their fair wage, thereby clearing the market of high-skilled players. These players 
put in maximum effort (of 1) as they’re receiving more than their fair wage. Likewise, due to the 
threat of unemployment, low-skill players lower their fair wage expectations. Teams then 
minimize their marginal cost due to these lower-wage expectations. Thus, teams achieve full 
effort from the low-skilled players by meeting their lower fair wage, while also reducing their 
costs. This model could extend to the NBA in that NBA teams are usually motivated by the goal 



Modi 6 
 

of a championship, which requires the team to have a roster of highly-skilled players. After 
emptying out the pool of highly-skilled players via salaries above fair-wage expectations, teams 
will then look to fill out their rosters with low-skilled rotation players. These rotation players 
face the threat of being replaced by another rotation player and therefore face the threat of 
unemployment – leading the rotation player to lower his fair wage expectations. One of the 
issues that comes up with the application of Akelrof and Yellen’s model to the NBA is that it is 
difficult to segregate NBA players into defined pools of high-skill and low-skill workers. Even if 
we increased the number of worker skill-types (high, medium, low), the problem of segregating 
the players remains as player performance is a spectrum rather than distinct groupings.  
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II. Data 

Major sports broadcast organizations such as ESPN utilize Basketball Reference as a 
resource for datasets. Therefore, I felt that Basketball Reference, a subsidiary of Sports Reference 
LLC, would be a satisfactory source for basketball-related data. The data utilized is composed of 
performance-related statistics, on a per-game basis, for every NBA player (excluding those on 
10-day contracts) over the course of the 2016-2017 NBA season. As well, Basketball Reference 
provided base-salary bonus (excluding trade kickers, signing bonuses, etc.…) for each player. 
The statistics of interest for each player are outlined in Table 1: 

Table 1: Performance-related statistics 
Statistic Abbreviation 

Minutes played 
True Shooting Percentage 
Offensive Rebounding Percentage 
Defensive Rebounding Percentage 
Total Rebounding Percentage 
Steal Percentage 
Block Percentage 
Assist Percentage 
Usage Percentage 
Turnover Percentage 
3-point attempt rate 
Team True Shooting Percentage 
League 3-point attempt rate 

ReMPG 
TS% 

ORB% 
DRB% 
TRB% 
STL% 
BLK% 
AST% 
USG% 
TO% 
3PAr 

TmTS% 
Lg3PAr 

 
These statistics are typically a measure the individual’s impact within a certain statistical 

category. For example, assist percentage measures the percentage of assists that can be attributed 
to an individual versus the total assists of the entire team.  

These individual statistics were utilized to calculate a per-game box-plus minus (BPM) as 
well as a per-game value-over-replacement-player (VORP). VORP is just an algebraic 
manipulation of BPM based on the percentage of minutes played, so each metric’s reliability is 
relatively equivalent. The goal of VORP and BPM is to provide a more holistic view of a 
player’s performance, regardless of position.  

A drawback of using VORP and BPM versus alternatives such as real plus minus (RPM) is 
that RPM uses play-by-play information, while VORP and BPM are more dependent on a 
player’s performance within his box score. The play-by-play information may provide a more 
robust metric of measuring player performance; however, the formula behind RPM is 
proprietary, making it less accessible. VORP and BPM also struggle in measuring a player’s 
impact with regards to actions that impact a team’s performance but do not show up in a box 
score. For example, these statistics do not consider the “hockey assist” or secondary assist, which 
is the pass that sets up the assist. These secondary assists may create a very simple assist 
opportunity and provide value to a team’s performance, but are not accounted for in advanced 
metrics. In addition to actions that do not show up within the box score, another drawback of 
these metrics is that they do not take into physical attributes such as height or wingspan. For 



Modi 8 
 

example, the Milwaukee Bucks are geared towards developing a roster of players with a focus on 
wingspan, which may implicitly impact defensive performance (i.e. rebounds, steals, blocks, 
etc.). Thus, physical attributes may be an underlying factor in performance, but are not explicitly 
accounted for in VORP or BPM.  

Another potential drawback of the data utilized is that it is based on one season, limiting the 
sample size, which affects both the average and the standard deviation of the VORP and BPM. 
The standard deviation could become smaller with a larger sample size, while the average could 
approach a player’s true VORP or BPM. The limitation with using multiple seasons of data is 
that teams may potentially have substantial roster turnover over the course of the off-season, 
making the previous season’s data essentially irrelevant as the team’s roster now consists of a 
variety of new faces.        
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III. Methodology 

The primary metrics utilized to measure player performance are Raw BPM and VORP. Both 
metrics are “box-score” dependent in that they rely on the player’s final performance at the end 
of the game and are holistic in looking at both the offensive and defensive contributions of the 
player. The coefficients within Raw BPM (1) were generated via a regression done by Jeremias 
Engelmann, which focused  

 
“upon the individual player advanced statistics (such as True Shooting Percentage (TS%) and 
Assist Percentage (AST%), with a linear team adjustment constant added so that the player 
ratings sum to the observed team rating. To run the regression, BPM's were calculated for each 
season, each player's values were averaged across the 14 seasons (weighted by minutes played), 
and the BPM variable weights were iterated to minimize the weighted squared error /…/ 
Variable selection was done by hand, iterating through various models and interaction terms, 
gradually weeding out the least significant terms, with the objective of getting the lowest squared 
error while minimizing nonlinear terms and total number of variables. Many constructs were 
considered; the final product had very nearly the lowest error of all tested, while having 
relatively few variables and only logical nonlinear terms, reducing the possibility of overfitting 
or not being valid for outliers.”4  
 

𝑅𝑅𝑅𝑅𝑅𝑅 𝐵𝐵𝐵𝐵𝐵𝐵 =  𝐵𝐵1 ∗ 𝑅𝑅𝑒𝑒𝐵𝐵𝐵𝐵𝑅𝑅 + 𝐵𝐵2 ∗ 𝑂𝑂𝑅𝑅𝐵𝐵% + 𝐵𝐵3 ∗ 𝐷𝐷𝑅𝑅𝐵𝐵% +  𝐵𝐵4 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆% +  𝐵𝐵5 ∗ 𝐵𝐵𝑆𝑆𝐵𝐵% +  𝐵𝐵6 ∗
𝐴𝐴𝑆𝑆𝑆𝑆% −  𝐵𝐵7 ∗ 𝑈𝑈𝑆𝑆𝑅𝑅% ∗ 𝑆𝑆𝑂𝑂% +  𝐵𝐵8 ∗ 𝑈𝑈𝑆𝑆𝑅𝑅% ∗ (1 − 𝑆𝑆𝑂𝑂%) ∗ [2 ∗ (𝑆𝑆𝑆𝑆% −  𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆%) + 𝐵𝐵9 ∗ 𝐴𝐴𝑆𝑆𝑆𝑆% +
 𝐵𝐵10 ∗ (3𝐵𝐵𝐴𝐴𝑒𝑒 −  𝑆𝑆𝐿𝐿3𝐵𝐵𝐴𝐴𝑒𝑒) −  𝑘𝑘] + 𝐵𝐵11 ∗ 𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒(𝐴𝐴𝑆𝑆𝑆𝑆% ∗ 𝑆𝑆𝑅𝑅𝐵𝐵%) 
 
 (1) 
Table 2 

Coefficients Value 

B1 0.123391 

B2 0.119597 

B3 -0.15129 

B4 1.255644 

B5 0.531838 
 

B6 -0.30587 

B7 0.921292 

B8 0.711217 

                                                           
4 https://www.basketball-reference.com/about/bpm.html 
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B9 0.017022 

B10 0.297639 

B11 0.72593 

 
Using the data for each player within the 2016-2017 season, Raw BPM was calculated on a per 
game basis for every single NBA player, excluding those signed for ten-day contracts.5 Yet Raw 
BPM does not necessarily provide a clear picture as to a player’s true overall contribution over 
the entirety of a 48-minute game, which is where the effectiveness of VORP comes into play. 
VORP focuses on not only performance above a replacement player, but also on playing time. 
For example, a bench player could hypothetically produce a very high BPM in very small spurts 
of playing time, but his actual contribution is not very large as he may have played for 5 out of 
the 48 minutes of possible game-action. Thus VORP (2.1) is arguably more reliable in evaluating 
a player’s performance relative to a certain baseline. 

𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵 = �𝐵𝐵𝐵𝐵𝐵𝐵 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� ∗ �
𝑅𝑅𝑚𝑚𝑅𝑅𝑚𝑚𝑅𝑅𝑅𝑅𝑚𝑚 𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑅𝑅𝑝𝑝

48
� ∗ �𝑅𝑅𝑚𝑚𝑅𝑅𝑛𝑛𝑅𝑅𝑛𝑛 𝑜𝑜𝑜𝑜 𝑔𝑔𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚 𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑅𝑅𝑝𝑝

82
�  (2.1) 

 
The VORP (2.1) formula is based on an entire season’s performance rather than on a per-game 
basis. Therefore, VORP must be calculated on a per-game basis to generate summary statistics 
(2.2). 
 
𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑅𝑅𝑅𝑅𝑛𝑛𝑔𝑔𝑅𝑅𝑅𝑅𝑅𝑅 = �𝐵𝐵𝐵𝐵𝐵𝐵 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� ∗ �

𝑅𝑅𝑚𝑚𝑅𝑅𝑚𝑚𝑅𝑅𝑅𝑅𝑚𝑚 𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑅𝑅𝑝𝑝
48

� (2.2) 
 
BPMReplacementLevel is the BPM of a replacement level player, which is calculated utilizing 
averages of Raw BPM’s weighted by minutes played (2.3).  
 
𝑅𝑅𝑅𝑅𝑅𝑅 𝐵𝐵𝐵𝐵𝐵𝐵𝑤𝑤𝑅𝑅𝑚𝑚𝑔𝑔ℎ𝑅𝑅𝑅𝑅𝑝𝑝 = 𝑅𝑅𝑅𝑅𝑅𝑅 𝐵𝐵𝐵𝐵𝐵𝐵 ∗ �𝑅𝑅𝑚𝑚𝑅𝑅𝑚𝑚𝑅𝑅𝑅𝑅𝑚𝑚 𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑅𝑅𝑝𝑝

48
� (2.3) 

 
The Raw BPMweighted is calculated on a per-game basis for every single player, excluding those 
players on ten-day contracts. The season’s worth of Raw BPMweighted was averaged for each 
player beginning from the ith game (2.4). 
 

𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒𝑅𝑅𝐿𝐿𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅𝐵𝐵𝐵𝐵𝐵𝐵𝑤𝑤𝑅𝑅𝑚𝑚𝑔𝑔ℎ𝑅𝑅𝑅𝑅𝑝𝑝 =
∑ 𝑅𝑅𝑅𝑅𝑤𝑤 𝐵𝐵𝐵𝐵𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑤𝑤𝑡𝑡,𝑤𝑤
82
𝑤𝑤=1

82
 (2.4) 

 
The player data was organized by team, based upon end-of-season roster for the 2016-

2017 NBA season. Therefore, a player such as DeMarcus Cousins is considered a member of the 
New Orleans Pelicans as he was traded from the Sacramento Kings to the New Orleans Pelicans 

                                                           
5 Within (1), as it is calculated on a per-game basis, the metric accounts for players moving teams (via trades, 
waivers, etc...) by changing the TmTS% (team true-shooting %) based on whichever team the player is on during 
that game. The players signed on ten-day contracts were excluded for reasons of simplicity as these players 
typically did not generate a significant of gameplay for their sample to be insightful. 
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during the season. NBA rotations (number of players that typically play in a game for a team) 
generally consist of at least 8 players, which leads to the assumption that the 8th-best player on 
each NBA roaster could be considered a proxy for the “replacement-level player”. Thus the 8th 
highest AverageRawBPMweighted for each team was taken and then these 30 data points (30 NBA 
teams) were averaged to develop BPMReplacementLevel starting from the jth team(2.5). 

 

𝐵𝐵𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
∑ 𝐴𝐴𝑅𝑅𝑅𝑅𝑛𝑛𝑅𝑅𝑔𝑔𝑅𝑅𝑅𝑅𝑅𝑅𝑤𝑤𝐵𝐵𝐵𝐵𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑤𝑤𝑡𝑡,𝑗𝑗
30
𝑗𝑗=1

30
  (2.5) 

 
Thus, (2.5) was used in (2.2) on a per-game basis for each player over the course of the 2016-
2017 NBA season.  
The per-game results were then averaged over the course of an 82-game season6 for each player 
to approximate what each’s player value would be for one game (2.6) beginning from the kth 

game.  The mean absolute deviation was also calculated as a more robust proxy for variance 
(2.7) beginning from the pth game. 
 

𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛𝑅𝑅𝑔𝑔𝑅𝑅 =
∑ 𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑝𝑝𝑒𝑒𝑒𝑒𝐿𝐿𝑅𝑅𝑇𝑇𝑒𝑒,𝑘𝑘
82
𝑘𝑘=1

82
 (2.6) 

𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑀𝑀𝐴𝐴𝑀𝑀 = 1
82

 ∑ �𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛𝑅𝑅𝑔𝑔𝑅𝑅 − 𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑝𝑝𝑒𝑒𝑒𝑒𝐿𝐿𝑅𝑅𝑇𝑇𝑒𝑒,𝑘𝑘�82
𝑅𝑅=1  (2.7) 

 
Within the NBA, players take games off for rest or log a “did-not-play” (DNP) for a variety of 
reasons ranging from illness to personal reasons. For superstar players, these games become 
outliers that expand the width of the variance. Therefore, taking the mean absolute deviation 
(2.7) reduces the impact of these outlier games; thus, making the mean absolute deviation more 
robust when compared to the standard deviation. 
The  𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛𝑅𝑅𝑔𝑔𝑅𝑅 and 𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑀𝑀𝐴𝐴𝑀𝑀 could be considered analogues for yield and standard deviation 
when comparing a player to a security. An investor, when creating a portfolio, ideally seeks to 
maximize return while minimizing risk (often proxied by the security’s standard deviation). 
Likewise, a general manager or team owner could view their team as a portfolio of players rather 
than securities. Suppose a team consists of b number of players on its roster and let wa be the 
percentage of the salary cap allocated to player a on the team, where wa≥07. The rational general 
manager or owner would seek to maximize his return, which could be measured by the 
summation of the VORPaverage of each player a. Thus 𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 is the value returned, weighted 
by salary allocation (2.8).  
 
𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 = ∑ 𝑅𝑅𝑅𝑅𝑉𝑉𝑒𝑒𝑒𝑒𝑝𝑝𝑅𝑅𝐴𝐴𝑒𝑒𝑒𝑒𝑅𝑅𝐿𝐿𝑒𝑒,𝑅𝑅

𝑛𝑛 
𝑅𝑅=1   (2.8) 

 

                                                           
6 A few players were on rosters for one or two games more or less than 82 games due to changing teams. 
Therefore, the per-game VORP’s of these players are not averaged over the course of 82 games, but another total. 
For example a player’s VORP would be averaged over 83 games if the player was rostered for 83 games.  
7 The percentage of the salary cap allocated to a player is at least 0, making it impossible to have negative weights. 
Therefore we cannot “short” player salaries by allocating a weight below 0 like we can with securities. 
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Suppose a team consists of d number of players on its roster and let wc be the percentage of the 
salary cap allocated to player c on the team, where wc≥0. The rational general manager or owner 
would seek to minimize his risk, which could be measured by the standard deviation of the 
weighted summation of the VORPMAD of each player c. Thus, VORPTeamMAD is the roster’s risk, 
weighted by salary allocation (2.9).  
 

𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝐴𝐴𝑀𝑀 = ��∑ 𝑅𝑅𝑐𝑐
2𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑀𝑀𝐴𝐴𝑀𝑀,𝑅𝑅 +𝑝𝑝

𝑅𝑅=1 2∑ ∑ 𝑅𝑅𝑐𝑐𝑅𝑅𝑒𝑒𝐶𝐶𝑒𝑒𝐴𝐴�𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑀𝑀𝐴𝐴𝑀𝑀,𝑅𝑅 ,𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑀𝑀𝐴𝐴𝑀𝑀,𝑅𝑅�𝑝𝑝
𝑅𝑅<𝑅𝑅

𝑝𝑝
𝑅𝑅=1 � 

 (2.9) 
 
Suppose a general manager must compare his portfolio of players to a known rotation player 
whose production is relatively low-risk to the point where it may be considered nearly “risk-
free”. Let the proxy for this “risk-free” security be the replacement player, whose value is 
approximated by (2.5). A rational general manager (max return, minimize risk) would consider 
shaping their portfolio such that it accounts for potential allocation of their salary cap into the 
risk-free security if it aids with their rational goals. These dual purposes are also the foundation 
of Henry Markowitz’s Modern Portfolio Theory (MPT), which seeks to maximize a portfolio’s 
Sharpe Ratio in order for the portfolio to mean-variance efficient. The VORP analogue (2.10) is 
maximized based upon the weights (wa

*,…,wb
*) such that return is maximized while risk is 

minimized.  
 
𝑉𝑉𝑉𝑉𝑅𝑅𝐵𝐵𝑇𝑇𝑤𝑤𝑇𝑇𝑇𝑇−𝐵𝐵𝐵𝐵𝑀𝑀𝑅𝑅𝑤𝑤𝑅𝑅𝑅𝑅𝑇𝑇𝑅𝑅𝑤𝑤𝑇𝑇𝑤𝑤𝑅𝑅𝑡𝑡𝑅𝑅𝑤𝑤𝑅𝑅𝑤𝑤𝑅𝑅

𝑉𝑉𝑉𝑉𝑅𝑅𝐵𝐵𝑇𝑇𝑤𝑤𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
2     (2.10) 

 
The optimal weights (wa

*,…,wb
*) were then used to generate the MVE Predicted Salary based 

upon an assumed salary cap of $113.29m (3.0).  
       
𝐵𝐵𝑉𝑉𝑀𝑀 𝐵𝐵𝑒𝑒𝑒𝑒𝑃𝑃𝑃𝑃𝑐𝑐𝑒𝑒𝑒𝑒𝑃𝑃 𝑆𝑆𝑅𝑅𝑆𝑆𝑅𝑅𝑒𝑒𝑦𝑦𝑅𝑅 = 𝑅𝑅𝑅𝑅∗ ∗ $113.29 (3.0)    
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IV. Results 

A general manager (GM) strives to construct an NBA roster that maximizes its potential, 
while limiting the variability of the roster’s performance. Yet the GM struggles with this 
constant tug-of-war as the best players within the NBA are also the most variable. To resolve this 
bind, a GM could use Markowitz as an approach. This methodology for NBA salary allocation 
provides GM’s with insights into players, as Markowitz untangles the bind between team success 
and team variability. Markowitz enables GM’s to weigh a player’s performance relative to a 
replacement rotation player (VORP) as well as maximize the expected return of their portfolio of 
players (𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝐴𝐴𝑀𝑀) while minimizing variability (𝑉𝑉𝑂𝑂𝑅𝑅𝐵𝐵𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝐴𝐴𝑀𝑀).  

For example, assume that you are Sam Presti, GM of the Oklahoma City Thunder. On your 
roster is the 2016-2017 NBA regular season MVP, Russell Westbrook, who should earn 
approximately 28.67% of the Oklahoma City (OKC) Thunder’s available salary cap which 
translates to an annual salary of approximately $32.5m8 (assuming OKC allocates salaries via 
Markowitz). The model also dictates that Steven Adams earns about 23.67% of OKC’s cap space 
or about $27m. For context, Lebron James was the highest-paid player in the 2016-2017 season 
at approximately $31m. Russell Westbrook had arguably one of the greatest seasons, in terms of 
individual performance, during the 2016-2017 season, which could explain why his contract is 
lower than his predicted market value. Yet the casual NBA fan ostensibly could have arrived at 
the conclusion that Westbrook is underpaid. The distinctive point of intrigue is the significant 
discount OKC received with regards to Steven Adams’ production during the 2016-2017 season. 
His salary was only about $3m. The prognostication of Steven Adams’ relative worth to OKC, is 
perhaps validated by his new contract, where Adams’ is earning approximately $25m per season.     

Thus, Markowitz aids in identifying potentially talented players that are currently being 
undervalued by their teams, analogous to a portfolio analyst placing more capital into a 
productive asset. In addition to looking at comparable contracts on the market, players and their 
agents could benefit from Markowitz as another tool for quantifying the value of a player’s 
performance. On average, there are 5.4 underpaid9 players per team (of varying degrees). There 
are certain players whose salaries are being constrained artificially by the wage ceilings placed 
by the NBA on salaries at various stages of a player’s career (such as Steven Adams). For 
example, if a player has played less than six years, then his maximum salary can only be 25% of 
the salary cap that year, while if a player has played between seven to nine years then his 
maximum salary can be 30% of the salary cap and so on. Even accounting for these artificial 
constraints, there are still players that are being undervalued by the market. Thus, the model 
provides an avenue for buying low on underpaid players, while selling high on overpaid players.  

There are many cases where NBA players have been underpaid recently relative to their 
worth, the most obvious one being Stephen Curry earning about $11m annually while becoming 
a two-time NBA regular season MVP. Yet, there are cases which the casual fan would not 
necessarily notice, but that Markowitz aids in detecting. Mike Muscala, of the Atlanta Hawks, 
epitomizes this as he should earn 16.10% of the salary cap or approximately $18m. During the 
2016-2017 season, Muscala earned only $1m, which was limited in part by the NBA’s wage 

                                                           
8 This assumes a $113.29m salary cap, which was the luxury tax-limit for the 2016-2017 season. 
9 The player’s MVE Predicted Salary is greater than the player’s actual salary. 
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ceiling on player contracts. Yet, Muscala was up for a new contract at the end of the season 
where he was arguably due a substantial pay raise. The Hawks resigned Muscala at a $5m annual 
salary for 2 years - significantly below the $18m that Muscala was projected to earn. Therefore, 
the Atlanta Hawks’ front office netted nearly $13m of excess cap room by signing Muscala to an 
undervalued deal, based upon the Markowitz prediction. Although Mike Muscala’s scenario may 
be more on the edge of the spectrum, the NBA marketplace contains 162 underpaid players 
spread across the 30 NBA teams.  

Moving on, the player Markowitz predicts to earn the highest salary is not Lebron James nor 
Russell Westbrook and has also never been an “all-star”. This player is Garrett Temple, who is 
projected to earn $36,725,744 based on his performance. After Demarcus Cousins (one of the top 
players in the NBA) was traded away from the Sacramento Kings, the expectations of the team 
for the remainder of the season were relatively bleak. The performance of the roster confirms this 
as Markowitz suggests that only 6 out of the 15 players on the Kings should earn a predicted 
salary greater than $0. Although Garrett Temple is arguably underpaid relative to his 
accomplishments, he probably should not be the highest-paid NBA player. This reflects one of 
the model’s issues in that it does not “contextualize” performance relative to a team’s situation in 
these extreme cases. If Garrett Temple were to play for the Brooklyn Nets, the worst NBA team 
by win-loss record over the course of the NBA season, his VORP of 2.34 would barely be the 
third highest on the Brooklyn Nets roster. Thus, it seems improbable that Temple, assuming he 
retains his exact performance from playing with the Sacramento Kings, would be projected by 
Markowitz to earn the highest salary in the entire league while playing for the Nets.     

Another intriguing result occurs when attempting to find the MVE portfolio allocation for the 
Golden State Warriors. As the team has a historically-concentrated collection of star players, the 
Warriors provide a proxy for examining the behavior of Markowitz in conjunction with a roster 
of not only highly effective, but also highly variable players. As the model seeks to maximize 
return while also minimizing variance, the model tends to favor players who have consistent 
performance. The model consequently provides a distribution of salary that is not necessarily 
realistic. For example, Kevin Durant, the 2016-2017 NBA Finals MVP, likely will not agree to 
12.52% of the salary cap or about $14m. The issue that arises with Golden State is that star 
players may produce greater returns (in terms of VORP) but also carry a higher variance & mean 
absolute deviation as a result. As the MVE portfolio is a push-pull between higher returns and 
lower mean absolute deviation, the model likely compensates for Kevin Durant’s relatively high 
mean absolute deviation in the form of an unrealistic salary weight. As Golden State focuses on 
an equitable usage distribution, Kevin Durant’s lack of touches impacts him adversely in the fact 
that his VORP is artificially lowered. On any other NBA team, Markowitz would likely predict 
that Kevin Durant would earn a salary that is relatively close to his actual salary of about $26m 
as his VORP would likely be significantly higher, just due to associated improvements in his box 
score via increased usage.   

Furthermore, there are general assumptions regarding the salary cap that the model does not 
account for. (i.e. Bird Rights, luxury tax considerations, etc.) that affect the way the salary cap is 
allocated. In addition to the NBA having a wage ceiling, there is a wage floor in the form of a 
variable “veteran’s minimum” which increases based on the number of years a player has already 
played in the league. Markowitz many times allocates an optimal weight of 0% to a player, due 
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to the restriction against shorting player contracts within the model. The model suggests 
investing in the “risk-free” replacement player rather than the player with an optimal weight of 
0% (the minimum), because this allocation is mean-variance efficient. However, teams cannot 
allocate 0% to players and still retain these players on their respective rosters, due to the wage 
floor. Thus, if a player is not performing adequately to earn an NBA contract of any value, why 
are they on a NBA roster? Similar to the principle of diversification within financial assets in 
order to spread risk, an NBA roster cannot consist solely of players that have MVE-predicted 
salaries greater than $0, arguably due to injury risks. Thus these 0%-players provide a hedge to 
the potential for injury that exists with the remainder of the team’s roster.  

As well, the model does not account for the NBA playoffs, but rather only the NBA regular 
season. One can argue that effort levels for many players are significantly higher in playoff 
games versus regular season games, just due to the sheer importance of playoff games. Yet NBA 
salaries are allocated only for regular season games. For playoff games, NBA teams get pieces of 
a cumulative playoff “pie” of money to distribute among its roster. Thus, certain teams have 
been accused in the past of slacking off during the regular season and jumping significantly in 
production during important playoff games, thereby confounding the VORP’s being utilized 
within the Markowitz model. Yet, the sample of playoff games for most playoff teams is not very 
significant in size, as half of playoff-bound teams participate in 7 playoff games at most. There is 
therefore some uncertainty in whether or not to include the playoffs due to this sample size issue. 

Although Markowitz is still an imperfect methodology in salary allocation strategy, the 
model provides an alternative technique for determining a player’s worth. Alternatively, consider 
the financial analyst, who utilizes the Capital Asset Pricing Model (CAPM) as one of their tools, 
even with CAPM’s limitations. Analogous to the financial analyst, a General Manager or Team 
Owner could utilize Markowitz with other tools to justify a player’s salary. The results of 
modeling the NBA via Markowitz suggests that player salaries are currently inefficiently 
allocated, which impacts a team’s profitability. Thus, there is potential for teams to expand upon 
the Markowitz results in search of a mean-variance efficient portfolio of players. 
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V. Appendix: MVE Results 

Atlanta Hawks 
Player MVE-Predicted Salary Actual Salary Difference 
Kent Bazemore $6,827,097  $15,730,338  ($8,903,241) 
DeAndre' Bembry $0  $1,499,760  ($1,499,760) 
Jose Calderon $0  $247,991  ($247,991) 
Malcolm Delaney $0  $2,500,000  ($2,500,000) 
Mike Dunleavy $0  $4,837,500  ($4,837,500) 
Tim Hardaway $19,137,081  $2,281,605  $16,855,476  
Dwight Howard $18,793,444  $23,180,275  ($4,386,831) 
Kris Humphries $0  $4,000,000  ($4,000,000) 
Ersan Illyasova $3,580,436  $8,400,000  ($4,819,564) 
Ryan Kelly $0  $286,785  ($286,785) 
Paul Millsap $17,480,462  $20,072,033  ($2,591,571) 
Mike Muscala $18,242,313  $1,015,696  $17,226,617  
Dennis Schroder $18,077,369  $2,708,582  $15,368,787  
Mike Scott $0  $730,000  ($730,000) 
Thabo Sefolosha $8,223,629  $3,850,000  $4,373,629  
Taurean Waller-Prince $2,928,056  $2,318,280  $609,776  

 
Boston Celtics 

Player MVE-Predicted Salary Actual Salary Difference 
Avery Bradley $12,573,263  $8,269,663  $4,303,600  
Jaylen Brown $0  $4,743,000  ($4,743,000) 
Jae Crowder $11,313,837  $6,286,408  $5,027,429  
Gerald Green $0  $980,431  ($980,431) 
Al Horford $25,970,062  $26,540,100  ($570,038) 
Demetrius Jackson $0  $1,450,000  ($1,450,000) 
Jonas Jerebko $0  $5,000,000  ($5,000,000) 
Amir Johnson $14,148,809  $12,000,000  $2,148,809  
Jordan Mickey $0  $1,223,653  ($1,223,653) 
Kelly Olynyk $7,211,511  $3,094,013  $4,117,498  
Terry Rozier $0  $1,906,440  ($1,906,440) 
Marcus Smart $26,556,926  $3,578,880  $22,978,046  
Isaiah Thomas $15,515,704  $6,587,132  $8,928,572  
James Young $0  $1,825,200  ($1,825,200) 
Tyler Zeller $0  $8,000,000  ($8,000,000) 

 
Brooklyn Nets 

Player MVE-Predicted Salary Actual Salary Difference 
 Quincy Acy  $0  $1,790,092  ($1,790,092) 
Trevor Booker $24,360,862  $9,250,000  $15,110,862  
Spencer Dinwiddle $18,825,456  $726,672  $18,098,784  
Randy Foye $0  $2,500,000  ($2,500,000) 
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Archie Goodwin  $0  $75,000  ($75,000) 
Justin Hamilton $429,354  $3,000,000  ($2,570,646) 
Joe Harris $0  $980,431  ($980,431) 
Rondae Hollis-Jefferson $15,377,972  $1,395,600  $13,982,372  
Sean Kilpatrick $1,466,918  $980,431  $486,487  
Caris LeVert $18,319,424  $1,562,280  $16,757,144  
Jeremy Lin $12,985,527  $11,483,254  $1,502,273  
Brook Lopez $21,524,600  $21,165,675  $358,925  
KJ McDaniels  $0  $3,333,333  ($3,333,333) 
Andrew Nicholson  $0  $6,088,993  ($6,088,993) 
Luis Scola $0  $5,000,000  ($5,000,000) 
Isaiah Whitehead $0  $1,074,145  ($1,074,145) 

 
Charlotte Hornets 

Player MVE-Predicted Salary Actual Salary Difference 
Nicolas Batum $19,777,968  $20,869,566  ($1,091,598) 
Marco Belinelli $19,000,897  $6,333,333  $12,667,564  
Treveon Graham $0  $543,471  ($543,471) 
Aaron Harrison $0  $375,579  ($375,579) 
Frank Kaminsky $7,961,773  $2,730,000  $5,231,773  
Michael Kidd-Gilchrist $10,326,083  $13,000,000  ($2,673,917) 
Jeremy Lamb $12,100,007  $6,511,628  $5,588,379  
Johnny O'Bryant  $0  $161,483  ($161,483) 
Miles Plumlee  $0  $12,500,000  ($12,500,000) 
Brian Roberts $0  $980,431  ($980,431) 
Ramon Sessions $0  $6,000,000  ($6,000,000) 
Kemba Walker $19,116,015  $12,000,000  $7,116,015  
Briante Weber  $0  $128,623  ($128,623) 
Marvin Williams $13,626,246  $12,250,000  $1,376,246  
Christian Wood $0  $874,636  ($874,636) 
Cody Zeller $11,381,125  $5,318,313  $6,062,812  

 
Chicago Bulls 

Player MVE-Predicted Salary Actual Salary Difference 
Jimmy Butler $32,201,527  $17,552,209  $14,649,318  
Isaiah Canaan $0  $1,015,696  ($1,015,696) 
Michael Carter-Williams $0  $3,183,526  ($3,183,526) 
Cristiano Felicio $10,548,257  $874,636  $9,673,621  
Jerian Grant $19,330,590  $1,643,040  $17,687,550  
RJ Hunter $0  $425,000  ($425,000) 
Joffrey Lauvergne  $1,232,468  $1,709,719  ($477,251) 
Robin Lopez $16,229,252  $13,219,250  $3,010,002  
Nikola Mirotic $0  $5,782,450  ($5,782,450) 
Anthony Morrow  $0  $3,488,000  ($3,488,000) 
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Cameron Payne  $0  $2,112,480  ($2,112,480) 
Bobby Portis $0  $1,453,680  ($1,453,680) 
Rajon Rondo $19,433,298  $14,000,000  $5,433,298  
Denzel Valentine $0  $2,092,200  ($2,092,200) 
Dwyane Wade $14,314,723  $23,200,000  ($8,885,277) 
Paul Zipser $0  $750,000  ($750,000) 

 
Cleveland Cavaliers 

Player MVE-Predicted Salary Actual Salary Difference 
Chris Andersen $0  $980,431  ($980,431) 
Andrew Bogut  $0  $242,224  ($242,224) 
Kay Felder $0  $543,471  ($543,471) 
Channing Frye $384,407  $7,806,971  ($7,422,564) 
Kyrie Irving $16,867,910  $17,638,063  ($770,153) 
Lebron James $32,884,590  $30,963,450  $1,921,140  
Richard Jefferson $1,106,504  $2,500,000  ($1,393,496) 
James Jones $0  $980,431  ($980,431) 
Kyle Korver  $16,794,357  $5,239,437  $11,554,920  
Kevin Love $3,699,889  $21,165,675  ($17,465,786) 
Iman Shumpert $0  $9,662,922  ($9,662,922) 
J.R. Smith $0  $12,800,000  ($12,800,000) 
Tristan Thompson $32,642,500  $15,330,435  $17,312,065  
Deron Williams  $8,909,842  $259,526  $8,650,316  
Derrick Williams  $0  $230,690  ($230,690) 

 
Dallas Mavericks 

Player MVE-Predicted Salary Actual Salary Difference 
JJ Barea $12,025,724  $4,096,950  $7,928,774  
Harrison Barnes $10,017,903  $22,116,750  ($12,098,847) 
Nicolas Brussino $0  $543,471  ($543,471) 
Seth Curry $22,773,936  $2,898,000  $19,875,936  
Yogi Ferrell  $2,528,007  $207,798  $2,320,209  
Dorian Finney-Smith $8,606,560  $543,471  $8,063,089  
Jonathan Gibson $0  $543,471  ($543,471) 
AJ Hammons $0  $650,000  ($650,000) 
Devin Harris $3,428,748  $4,227,996  ($799,248) 
Pierre Jackson $0  $41,560  ($41,560) 
Deandre Liggins  $0  $1,015,696  ($1,015,696) 
Wesley Matthews $30,566,164  $17,145,838  $13,420,326  
Salah Mejri $0  $874,636  ($874,636) 
Nerlens Noel  $6,609,643  $4,384,490  $2,225,153  
Dirk Nowitzki $9,401,312  $25,000,000  ($15,598,688) 
Dwight Powell $7,332,116  $8,375,000  ($1,042,884) 
Jarrod Uthoff $0  $47,953  ($47,953) 
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Denver Nuggets 

Player MVE-Predicted Salary Actual Salary Difference 
Darrell Arthur $0  $8,070,175  ($8,070,175) 
Will Barton $5,095,825  $3,533,333  $1,562,492  
Malik Beasley $0  $1,627,320  ($1,627,320) 
Wilson Chandler $7,383,209  $11,233,146  ($3,849,937) 
Kenneth Faried $12,369,593  $12,078,652  $290,941  
Danilo Gallinari $20,205,857  $15,050,000  $5,155,857  
Alonzo Gee $0  $417,848  ($417,848) 
Gary Harris $16,389,559  $1,655,880  $14,733,679  
Juan Hernangomez $0  $1,987,440  ($1,987,440) 
Roy Hibbert  $0  $5,000,000  ($5,000,000) 
Nikola Jokic $20,312,498  $1,358,500  $18,953,998  
Mike Miller $0  $3,500,000  ($3,500,000) 
Emmanuel Mudiay $0  $3,241,800  ($3,241,800) 
Jamal Murray $3,510,586  $3,210,840  $299,746  
Jameer Nelson $6,855,874  $4,540,525  $2,315,349  
Mason Plumlee  $21,166,999  $2,328,530  $18,838,469  
Jarnell Stokes $0  $150,000  ($150,000) 

 
Detroit Pistons 

Player MVE-Predicted Salary Actual Salary Difference 
Aron Baynes $0  $6,500,000  ($6,500,000) 
Reggie Bullock $0  $2,255,644  ($2,255,644) 
Kentavious Caldwell-Pope $14,156,999  $3,678,319  $10,478,680  
Andre Drummond $10,105,443  $22,116,750  ($12,011,307) 
Henry Ellenson $0  $1,704,120  ($1,704,120) 
Michael Gbinije $0  $650,000  ($650,000) 
Tobias Harris $32,318,103  $17,200,000  $15,118,103  
Darrun Hillard $0  $874,636  ($874,636) 
Reggie Jackson $0  $14,956,522  ($14,956,522) 
Stanley Johnson $0  $2,969,880  ($2,969,880) 
Jon Leuer $29,974,374  $10,991,957  $18,982,417  
Boban Marjanovic $0  $7,000,000  ($7,000,000) 
Marcus Morris $22,547,277  $4,625,000  $17,922,277  
Ish Smith $4,187,919  $6,000,000  ($1,812,081) 
Beno Udrih $0  $980,431  ($980,431) 

 
Golden State Warriors 

Player MVE-Predicted Salary Actual Salary Difference 
Matt Barnes  $95,994  $242,224  ($146,230) 
Ian Clark $15,487,759  $980,431  $14,507,328  
Stephen Curry $17,548,159  $12,112,359  $5,435,800  



Modi 20 
 

Kevin Durant $14,181,468  $26,540,100  ($12,358,632) 
Draymond Green $12,716,591  $15,330,435  ($2,613,844) 
Andre Iguodala $12,910,512  $11,131,368  $1,779,144  
Damian Jones $0  $1,171,560  ($1,171,560) 
Shaun Livingston $0  $5,782,450  ($5,782,450) 
Kevon Looney $0  $1,182,840  ($1,182,840) 
James Michael McAdoo $0  $980,431  ($980,431) 
Patrick McCaw $10,744,222  $543,471  $10,200,751  
Javale McGee $0  $980,431  ($980,431) 
Zaza Pachulia $6,030,577  $2,898,000  $3,132,577  
Klay Thompson $12,279,884  $16,663,575  ($4,383,691) 
Anderson Varejao $0  $980,431  ($980,431) 
David West $11,294,947  $980,431  $10,314,516  

 
Houston Rockets 

Player MVE-Predicted Salary Actual Salary Difference 
Ryan Anderson $11,477,391  $18,735,364  ($7,257,973) 
Trevor Ariza $27,566,026  $7,806,971  $19,759,055  
Patrick Beverley $21,918,161  $6,000,000  $15,918,161  
Bobby Brown $0  $680,534  ($680,534) 
Clint Capela $1,121,983  $1,296,240  ($174,257) 
Sam Dekker $10,587,542  $1,720,560  $8,866,982  
Eric Gordon $6,153,153  $12,385,665  ($6,232,512) 
James Harden $23,203,526  $26,540,100  ($3,336,574) 
Montrezl Harrell $0  $1,045,000  ($1,045,000) 
Nene Hilario $2,234,191  $2,898,000  ($663,809) 
Chinanu Onuaku $0  $543,471  ($543,471) 
Isaiah Taylor $0  $255,000  ($255,000) 
Lou Williams  $9,028,139  $7,000,000  $2,028,139  
Troy Williams  $0  $150,000  ($150,000) 
Kyle Wiltjer $0  $543,471  ($543,471) 

 
Indiana Pacers 

Player MVE-Predicted Salary Actual Salary Difference 
Lavoy Allen $0  $4,000,000  ($4,000,000) 
Aaron Brooks $0  $2,700,000  ($2,700,000) 
Rakeem Christmas $0  $1,052,342  ($1,052,342) 
Monta Ellis $0  $10,763,500  ($10,763,500) 
Paul George $20,419,213  $18,314,532  $2,104,681  
Al Jefferson $0  $10,230,179  ($10,230,179) 
CJ Miles $7,522,480  $4,583,450  $2,939,030  
Georges Niang $0  $650,000  ($650,000) 
Glenn Robinson $19,476,558  $1,050,500  $18,426,058  
Kevin Seraphin $0  $1,800,000  ($1,800,000) 



Modi 21 
 

Lance Stephenson  $0  $4,000,000  ($4,000,000) 
Rodney Stuckey $0  $7,000,000  ($7,000,000) 
Jeff Teague $24,808,840  $8,800,000  $16,008,840  
Myles Turner $22,959,227  $2,463,840  $20,495,387  
Joe Young $0  $1,052,342  ($1,052,342) 
Thaddeus Young $18,103,796  $14,153,652  $3,950,144  

 
Los Angeles Clippers 

Player MVE-Predicted Salary Actual Salary Difference 
Alan Anderson $0  $980,431  ($980,431) 
Brandon Bass $0  $980,431  ($980,431) 
Jamal Crawford $13,678,786  $13,253,012  $425,774  
Raymond Felton $9,690,990  $980,431  $8,710,559  
Blake Griffin $18,966,454  $20,140,839  ($1,174,385) 
Brice Johnson $0  $1,273,920  ($1,273,920) 
Wesley Johnson $0  $5,628,000  ($5,628,000) 
DeAndre Jordan $22,927,898  $21,165,675  $1,762,223  
Luc Mbah a Moute $6,683,927  $2,203,000  $4,480,927  
Chris Paul $25,115,815  $22,868,827  $2,246,988  
JJ Redick $5,511,230  $7,377,500  ($1,866,270) 
Austin Rivers $10,715,015  $11,000,000  ($284,985) 
Marreese Speights $0  $1,403,611  ($1,403,611) 
Diamond Stone $0  $543,471  ($543,471) 

 
Los Angeles Lakers 

Player MVE-Predicted Salary Actual Salary Difference 
Tarik Black $0  $6,191,000  ($4,000,000) 
Corey Brewer  $0  $7,612,172  ($2,700,000) 
Jordan Clarkson $11,780,201  $12,500,000  ($1,052,342) 
Luol Deng $3,081,638  $18,000,000  ($10,763,500) 
Tyler Ennis  $0  $1,733,880  $2,104,681  
Marcelo Huertas $0  $1,500,000  ($10,230,179) 
Brandon Ingram $7,388,383  $5,281,680  $2,939,030  
Timofey Mozgov $0  $16,000,000  ($650,000) 
Larry Nance Jr. $31,677,423  $1,207,680  $18,426,058  
David Nwaba $0  $73,528  ($1,800,000) 
Julius Randle $28,000,241  $3,267,120  ($4,000,000) 
Thomas Robinson $0  $980,431  ($7,000,000) 
D Angelo Russell $13,998,010  $5,332,800  $16,008,840  
Metta World Peace $0  $980,431  $20,495,387  
Nick Young $17,364,217  $5,443,918  ($1,052,342) 
Ivica Zubac $0  $1,034,956  $3,950,144  

 
Memphis Grizzlies 



Modi 22 
 

Player MVE-Predicted Salary Actual Salary Difference 
Tony Allen $14,372,768  $5,505,618  $8,867,150  
Wade Baldwin $0  $1,793,760  ($1,793,760) 
Vince Carter $10,062,290  $4,264,057  $5,798,233  
Mike Conley $30,337,659  $26,540,100  $3,797,559  
Troy Daniels $0  $3,332,940  ($3,332,940) 
Devonta Davis $0  $1,369,229  ($1,369,229) 
Toney Douglas $0  $379,159  ($379,159) 
James Ennis $12,910,131  $2,898,000  $10,012,131  
Marc Gasol $27,996,207  $21,165,675  $6,830,532  
JaMychal Green $17,611,058  $980,431  $16,630,627  
Andrew Harrison $0  $945,000  ($945,000) 
Jarell Martin $0  $1,286,160  ($1,286,160) 
Chandler Parsons $0  $22,116,750  ($22,116,750) 
Zach Randolph $0  $10,361,445  ($10,361,445) 
Wayne Selden  $0  $83,119  ($83,119) 
Brandan Wright $0  $5,709,880  ($5,709,880) 

 
Miami Heat 

Player MVE-Predicted Salary Actual Salary Difference 
Luke Babbit $0  $1,227,286  ($1,227,286) 
Goran Dragic $23,453,632  $15,891,725  $7,561,907  
Wayne Ellington $4,394,498  $6,000,000  ($1,605,502) 
Udonis Haslem $0  $4,000,000  ($4,000,000) 
James Johnson $15,938,237  $4,000,000  $11,938,237  
Tyler Johnson $20,499,698  $5,628,000  $14,871,698  
Rodney McGruder $14,851,820  $543,471  $14,308,349  
Josh McRoberts $0  $5,782,450  ($5,782,450) 
Willie Reed $2,228,599  $1,015,696  $1,212,903  
Josh Richardson $15,645,254  $874,636  $14,770,618  
Dion Waiters $13,338,265  $2,898,000  $10,440,265  
Okaro White $0  $210,995  ($210,995) 
Hassan Whiteside $2,940,111  $22,116,750  ($19,176,639) 
Justice Winslow $0  $2,593,440  ($2,593,440) 

 
Milwaukee Bucks 

Player MVE-Predicted Salary Actual Salary Difference 
Giannis Anteokounmpo $27,721,388  $2,995,421  $24,725,967  
Michael Beasley $0  $1,403,611  ($1,403,611) 
Malcolm Brogdon $23,401,723  $925,000  $22,476,723  
Matthew Dellvedova $0  $9,607,500  ($9,607,500) 
Spencer Hawes  $3,045,508  $6,348,759  ($3,303,251) 
John Henson $9,105,004  $12,267,606  ($3,162,602) 
Terrence Jones  $0  $230,690  ($230,690) 



Modi 23 
 

Thon Maker $0  $2,568,600  ($2,568,600) 
Khris Middleton $1,892,629  $15,200,000  ($13,307,371) 
Greg Monroe $20,774,130  $17,145,838  $3,628,292  
Steve Novak $0  $980,431  ($980,431) 
Jabari Parker $10,510,134  $5,374,320  $5,135,814  
Gary Payton $0  $35,166  ($35,166) 
Tony Snell $11,434,729  $2,368,327  $9,066,402  
Mirza Teletovic $0  $10,500,000  ($10,500,000) 
Jason Terry $5,404,868  $980,431  $4,424,437  
Rashad Vaughn $0  $1,811,040  ($1,811,040) 

 
Minnesota Timberwolves 

Player MVE-Predicted Salary Actual Salary Difference 
Cole Aldrich $0  $7,643,979  ($7,643,979) 
Nemanja Bjelica $10,227,822  $3,800,000  $6,427,822  
Gorgui Dieng $20,624,832  $2,348,783  $18,276,049  
Kris Dunn $1,365,200  $3,872,520  ($2,507,320) 
Jordan Hill $0  $4,000,000  ($4,000,000) 
Tyus Jones $0  $1,339,680  ($1,339,680) 
Zach Lavine $20,045,529  $2,240,880  $17,804,649  
John Lucas III $0  $635,753  ($635,753) 
Shabazz Muhammad $0  $3,046,299  ($3,046,299) 
Adreian Payne $0  $2,022,240  ($2,022,240) 
Ricky Rubio $16,349,045  $13,550,000  $2,799,045  
Brandon Rush $13,723,086  $3,500,000  $10,223,086  
Karl Anthony Towns $25,022,816  $5,960,160  $19,062,656  
Andrew Wiggins $5,931,783  $6,006,600  ($74,817) 

 
New Orleans Pelicans 

Player MVE-Predicted Salary Actual Salary Difference 
Alexis Ajinca $0  $4,638,203  ($4,638,203) 
Omer Asik $0  $9,904,494  ($9,904,494) 
DeMarcus Cousins  $21,870,998  $16,957,900  $4,913,098  
Jordan Crawford $0  $173,099  ($173,099) 
Dante Cunningham $25,258,746  $2,978,250  $22,280,496  
Anthony Davis $16,779,773  $22,116,750  ($5,336,977) 
Cheick Diallo $0  $543,471  ($543,471) 
Tim Frazier $15,900,643  $2,090,000  $13,810,643  
Solomon Hill $19,063,257  $11,241,218  $7,822,039  
Jrue Holiday $14,416,696  $11,286,518  $3,130,178  
E twaun Moore $0  $8,081,363  ($8,081,363) 
Donatas Motiejunas $0  $576,724  ($576,724) 
Hollis Thompson  $0  $57,672  ($57,672) 
Reggie Williams $0  $180,483  ($180,483) 



Modi 24 
 

 
New York Knicks 

Player MVE-Predicted Salary Actual Salary Difference 
Carmelo Anthony $16,066,557  $24,559,380  ($8,492,823) 
Ron Baker $0  $543,471  ($543,471) 
Willy Hernangomez $15,939,317  $1,375,000  $14,564,317  
Justin Holiday $11,151,697  $1,015,696  $10,136,001  
Mindaugs Kuzminskas $2,488,489  $2,898,000  ($409,511) 
Courtney Lee $17,280,404  $11,242,000  $6,038,404  
Maurice Ndour $0  $543,471  ($543,471) 
Joakim Noah $9,909,120  $17,000,000  ($7,090,880) 
Kyle O Quinn $14,452,160  $3,918,750  $10,533,410  
Marshall Plumlee $0  $543,471  ($543,471) 
Kristaps Porzingis $14,714,732  $4,317,720  $10,397,012  
Chasson Randle  $0  $143,860  ($143,860) 
Derrick Rose $11,287,638  $21,323,252  ($10,035,614) 
Lance Thomas $0  $6,191,000  ($6,191,000) 
Sasha Vujacic $0  $980,431  ($980,431) 

 
Oklahoma City Thunder 

Player MVE-Predicted Salary Actual Salary Difference 
Alex Abrines $0  $5,994,764  ($5,994,764) 
Steven Adams $26,812,594  $3,140,517  $23,672,077  
Semaj Christon $0  $543,471  ($543,471) 
Norris Cole $0  $247,991  ($247,991) 
Nick Collison $0  $3,750,000  ($3,750,000) 
Taj Gibson  $8,347,746  $8,950,000  ($602,254) 
Jerami Grant  $8,346,293  $980,431  $7,365,862  
John Huestis $0  $1,191,480  ($1,191,480) 
Enes Kanter $10,529,382  $17,145,838  ($6,616,456) 
Doug McDermott  $958,935  $2,483,040  ($1,524,105) 
Victor Oladipo $17,271,502  $6,552,960  $10,718,542  
Andre Roberson $8,539,071  $2,183,072  $6,355,999  
Domantas Sabonis $0  $2,440,200  ($2,440,200) 
Kyle Singler $0  $4,837,500  ($4,837,500) 
Russell Westbrook $32,484,590  $26,540,100  $5,944,490  

 
Orlando Magic 

Player MVE-Predicted Salary Actual Salary Difference 
DJ Augustin $0  $7,250,000  ($7,250,000) 
Bismack Biyombo $16,288,642  $17,000,000  ($711,358) 
Evan Fournier $25,877,834  $17,000,000  $8,877,834  
Aaron Gordon $20,064,242  $4,351,320  $15,712,922  
Jeff Green $0  $15,000,000  ($15,000,000) 



Modi 25 
 

Mario Hezonja $0  $3,909,840  ($3,909,840) 
Jodie Meeks $0  $6,540,000  ($6,540,000) 
Arinze Onuaku $0  $444,078  ($444,078) 
Elfrid Payton $24,745,755  $2,613,600  $22,132,155  
Terrence Ross  $6,693,781  $10,000,000  ($3,306,219) 
Damjan Rudez $0  $980,431  ($980,431) 
Nikola Vucevic $19,619,747  $11,750,000  $7,869,747  
Cj Watson $0  $5,000,000  ($5,000,000) 
CJ Wilcox $0  $1,209,600  ($1,209,600) 
Stephen Zimmerman $0  $950,000  ($950,000) 

 
Philadelphia 76ers 

Player MVE-Predicted Salary Actual Salary Difference 
Justin Anderson  $0  $1,514,160  ($1,514,160) 
Jerryd Bayless $0  $9,424,084  ($9,424,084) 
Robert Covington $30,196,147  $1,015,696  $29,180,451  
Joel Embiid $18,906,722  $4,826,160  $14,080,562  
Gerald Henderson $0  $9,000,000  ($9,000,000) 
Richaun Holmes $21,094,637  $1,025,831  $20,068,806  
Shawn Long $0  $89,513  ($89,513) 
Timothe Luwawu-Cabarrot $0  $1,326,960  ($1,326,960) 
T.J. McConnell $24,681,123  $874,636  $23,806,487  
Jahlil Okafor $0  $4,788,840  ($4,788,840) 
Alex Poythress $0  $6,394  ($6,394) 
Sergio Rodriguez $2,180,127  $8,000,000  ($5,819,873) 
Dario Saric $4,136,969  $2,318,280  $1,818,689  
Tiago Splitter $0  $8,550,000  ($8,550,000) 
Nik Stauskas $12,094,276  $2,993,040  $9,101,236  

 
Phoenix Suns 

Player MVE-Predicted Salary Actual Salary Difference 
Leandro Barbosa $0  $4,000,000  ($4,000,000) 
Dragan Bender $0  $4,276,320  ($4,276,320) 
Eric Bledsoe $35,205,703  $14,000,000  $21,205,703  
Devin Booker $22,816,949  $2,223,600  $20,593,349  
Tyson Chandler $0  $12,415,000  ($12,415,000) 
Marquese Chriss $18,284,686  $2,941,440  $15,343,246  
Jared Dudley $23,477,012  $10,470,000  $13,007,012  
John Jenkins $0  $469,841  ($469,841) 
Derrick Jones $0  $543,471  ($543,471) 
Brandon Knight $0  $12,606,250  ($12,606,250) 
Alex Len $0  $4,823,621  ($4,823,621) 
Ronnie Price $0  $276,828  ($276,828) 
Tyler Ulis $0  $918,369  ($918,369) 



Modi 26 
 

TJ Warren $13,505,650  $2,128,920  $11,376,730  
Alan Williams $0  $874,636  ($874,636) 

 
Portland Trailblazers 

Player MVE-Predicted Salary Actual Salary Difference 
Al-Farouq Aminu $11,039,861  $7,680,965  $3,358,896  
Pat Connaughton $0  $874,636  ($874,636) 
Allen Crabbe $11,411,329  $18,500,000  ($7,088,671) 
Ed Davis $0  $6,666,667  ($6,666,667) 
Maurice Harkless $14,699,096  $8,988,765  $5,710,331  
Jake Layman $0  $600,000  ($600,000) 
Meyers Leonard $2,068,868  $9,213,484  ($7,144,616) 
Damian Lillard $23,965,355  $24,328,425  ($363,070) 
CJ McCollum $23,946,411  $3,219,579  $20,726,832  
Shabazz Napier $17,469,229  $1,350,120  $16,119,109  
Jusuf Nurkic  $5,943,662  $1,921,320  $4,022,342  
Tim Quarterman $0  $543,471  ($543,471) 
Evan Turner $2,746,302  $16,393,443  ($13,647,141) 
Noah Vonleh $0  $2,751,360  ($2,751,360) 

 
Sacramento Kings 

Player MVE-Predicted Salary Actual Salary Difference 
Arron Afflalo $0  $12,500,000  ($12,500,000) 
Willie Cauley-Stein $12,826,696  $3,551,160  $9,275,536  
Darren Collison $16,460,923  $5,229,454  $11,231,469  
Tyreke Evans  $0  $10,661,287  ($10,661,287) 
Langston Galloway  $0  $5,200,000  ($5,200,000) 
Rudy Gay $16,789,474  $13,333,333  $3,456,141  
Buddy Hield  $0  $3,517,200  ($3,517,200) 
Kosta Koufos $0  $8,046,500  ($8,046,500) 
Skal Labissiere $0  $1,188,840  ($1,188,840) 
Ty Lawson $17,104,545  $980,431  $16,124,114  
Ben McLemore $0  $4,008,882  ($4,008,882) 
Georgios Papagiannis $0  $2,202,240  ($2,202,240) 
Malachi Richardson $0  $1,439,880  ($1,439,880) 
Garrett Temple $36,725,744  $8,000,000  $28,725,744  
Anthony Tolliver $13,382,617  $8,000,000  $5,382,617  

 
San Antonio Spurs 

Player MVE-Predicted Salary Actual Salary Difference 
LaMarcus Aldridge $8,871,243  $20,575,005  ($20,574,996) 
Kyle Anderson $17,761,819  $1,192,080  ($1,192,062) 
Joel Anthony $0  $346,034  ($346,034) 
Davis Bertans $311,056  $543,471  ($543,471) 



Modi 27 
 

Dewayne Dedmon $0  $2,898,000  ($2,898,000) 
Bryn Forbes $0  $543,471  ($543,471) 
Pau Gasol $11,779,708  $15,500,000  ($15,499,988) 
Manu Ginobili $10,965,561  $14,000,000  ($13,999,989) 
Danny Green $24,925,538  $10,000,000  ($9,999,975) 
Nicolas Laprovittola $0  $210,995  ($210,995) 
David Lee $7,070,679  $1,551,659  ($1,551,652) 
Kawhi Leonard $23,308,840  $17,638,063  ($17,638,040) 
Patty Mills $8,295,669  $3,578,948  ($3,578,940) 
Dejounte Murray $0  $1,180,080  ($1,180,080) 
Tony Parker $0  $14,445,313  ($14,445,313) 
Jonathon Simmons $0  $874,636  ($874,636) 

 
Toronto Raptors 

Player MVE-Predicted Salary Actual Salary Difference 
Bruno Caboclo $0  $1,589,640  ($1,589,640) 
DeMarre Carroll $13,967,765  $14,200,000  ($232,235) 
DeMar DeRozan $20,672,304  $26,540,100  ($5,867,796) 
Serge Ibaka  $7,560,698  $12,250,000  ($4,689,302) 
Cory Joseph $4,075,968  $7,315,000  ($3,239,032) 
Kyle Lowry $25,308,766  $12,000,000  $13,308,766  
Lucas Nogueira $0  $1,921,320  ($1,921,320) 
Patrick Patterson $12,784,462  $6,050,000  $6,734,462  
Jakob Poeltl $0  $2,703,960  ($2,703,960) 
Norman Powell $2,855,635  $874,636  $1,980,999  
Pascal Siakam $0  $1,196,040  ($1,196,040) 
Jared Sullinger $0  $5,628,000  ($5,628,000) 
PJ Tucker  $20,279,314  $5,300,000  $14,979,314  
Jonas Valnciunas $5,785,201  $14,382,023  ($8,596,822) 
Fred VanVleet $0  $543,471  ($543,471) 
Delon Wright $0  $1,577,280  ($1,577,280) 

 
Utah Jazz 

Player MVE-Predicted Salary Actual Salary Difference 
Joel Bolomboy $0  $600,000  ($600,000) 
Alec Burks $0  $10,154,495  ($10,154,495) 
Boris Diaw $163,306  $7,000,000  ($6,836,694) 
Dante Exum $0  $3,940,320  ($3,940,320) 
Derrick Favors $0  $11,050,000  ($11,050,000) 
Rudy Gobert $29,003,673  $2,121,287  $26,882,386  
Gordon Hayward $19,476,379  $16,073,140  $3,403,239  
George Hill $18,868,670  $8,000,000  $10,868,670  
Rodney Hood $8,325,032  $1,406,520  $6,918,512  
Joe Ingles $27,007,108  $2,150,000  $24,857,108  
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Joe Johnson $10,445,945  $11,000,000  ($554,055) 
Trey Lyles $0  $2,340,600  ($2,340,600) 
Shelvin Mack $0  $2,433,334  ($2,433,334) 
Rauel Neto $0  $937,800  ($937,800) 
Jeff Withey $0  $1,015,696  ($1,015,696) 

 
 

Washington Wizards 
Player MVE-Predicted Salary Actual Salary Difference 
Bradley Beal $19,420,768  $22,116,750  ($2,695,982) 
Bojan Bogdanovic $0  $3,730,653  ($3,730,653) 
Trey Burke $0  $3,386,598  ($3,386,598) 
Marcin Gortat $21,177,912  $12,000,000  $9,177,912  
Danuel House $0  $543,471  ($543,471) 
Brandon Jennings $0  $1,200,000  ($1,200,000) 
Sheldon Mac $0  $543,471  ($543,471) 
Ian Mahinmi $0  $15,944,154  ($15,944,154) 
Chris McCullough $0  $1,191,480  ($1,191,480) 
Markieff Morris $5,836,074  $7,400,000  ($1,563,926) 
Daniel Ochefu $0  $543,471  ($543,471) 
Kelly Oubre $2,031,882  $2,006,640  $25,242  
Otto Porter $24,706,350  $5,893,981  $18,812,369  
Tomas Satoransky $0  $2,870,813  ($2,870,813) 
Jason Smith $5,425,636  $5,000,000  $425,636  
Marcus Thorton $0  $1,315,000  ($1,315,000) 
John Wall $34,691,492  $16,957,900  $17,733,592  
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