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Abstract

Using proprietary information from a large percentage of the API-tool provision and API-Management
industry, we explore the impact and role of APIs in the economies of the US and Europe. In this prelim-
inary paper using incomplete data, we document what factors drive API adoption, and the relationship
between API usage and firm income. APIs are developed by medium and large firms mostly in the
Retail and Management industries. The number of APIs per firm increases by a factor of six from 2013
through 2015, while the amount of data flow per firm is roughly constant. We find evidence that firms
that develop APIs have higher incomes in subsequent years than firms that do not. When the complete
data set becomes available, we will further investigate the mechanisms for these relationships, as well as
estimate the contribution of APIs to US GDP and skill biased technological change.

1 Motivation

The goal of this research is to understand the economic value of APIs and their role in changing the economy.
APITs (application programming interfaces) are systems designed to ease the development of programs which
interact with a firm’s databases. API boosters claim many benefits from API adoption. These include:
Increased code re-usability, lower barriers to entry for developers new to a firm’s data, and lower information
technology maintenance costs. These benefits should complement firm strategies that emphasize internal
agility and ecosystem growth. Believers have made large investments in these systems: According to Pro-
grammable Web, the amount of Web APIs have increased from a few hundred in 2005 to over ten thousand
today.

We investigate how investments in developing software and APIs makes firms valuable and productive.
In particular, we want to answer four questions: What sort of firms adopt API technologies? What is the
impact of API technology adoption on firm outcomes? Through what mechanisms are these effects realized?
And finally, what are the general equilibrium and long-term consequences of API technology adoption?

According to the BLS, in 2014 there were 302,150 computer programmers in the US. Depending on how
one classifies other occupations, there may be over three million workers engaged in writing code. However,
the nature and magnitude of these economic contributions is poorly understood.

For example, microeconomic theory (Porter and Stern, 2000; Parker and Van Alstyne, 2016) argues
for the importance of code spillovers. A recent study of SourceForge also offers evidence that spillovers
exist (Eilhard and Méniere, 2009). However, many empirical questions about digital spillovers remain. For
example, it remains an open question to what extent coding ‘spillovers’ are due to code accumulation versus
programmers ‘learning by doing’. As APIs are meant to complement and enhance the impact of normal
programming, we hope that this research will also shed light on the broader question of code’s impact in the
economy.

2 Data Description

To conduct this analysis we will create a unique data-set matching API-tool providers’ data on API produc-
tion and use with firm level information on employment and outcomes.

For data on firm inputs and outputs, our primary sources are Compustat for North American publicly
traded firms, and OSIRIS for European firms. These contain a wide range of firm characteristics, logged



at the quarterly and yearly level. We are looking into supplementing this with publicly available individual
level employment information.

For data on API development and usage, we are collecting information from API management firms. For
all companies contracting with the API management firm, we are collecting the following at the monthly
level:

e The date the company first signed a contract with the API management firm
e The list of APIs in use

e The name of the API and any qualitative information available about its role (e.g. HR management,
inventory management, etc.)

e Whether the API is open to the public or closed and used primarily inside the firm

e The number of developers with permission to develop for the API or programs with permission to
execute calls on the API

e The number of calls handled by the API

e Any information available on the complexity of the API or on the amount of time and resources invested
in developing the API

e Characteristics of information requested in API calls (e.g. average file size, distribution of file types)

e General characteristics of the contract signed by the firm (e.g. do they pay by the call, or by the API?
Have there been important changes in how contracts were written?)

In our preliminary data, we have the following panel variables available at the quarterly level
e Number of APIs
e Number of calls per API

e Volume of data retrieved per API

3 Characteristics of Firms Adopting APIs

Table 1 gives information on the types of firms in our preliminary data which have developed APIs. Table
3 gives this information for all Compustat firms.

The APIs in our data are widely dispersed in size and leverage. Figure 1 gives additional information on
the characteristics of firms adopting APIs. Table 2 shows variance in API usage amongst firms that have at
least one API in a year. Note that the first year of API observations is 2013.

Firms in our sample had an average of 5 APIs in 2013 with about 2.9 million total calls, while in 2015
the average firm had 32 APIs with about 3.2 million calls. Meanwhile the average amount of data per firm
decreased slightly, meaning that APIs got smaller over time. This suggests that API development leads to
greater API specialization rather than creation of one overall API for the entire firm.

4 Impact of API Adoption

We seek to understand how investments in software production, (e.g. the employment of heterogeneous
programmers) lead to the evolution of assets (a firm-specific code package and open or closed APIs) which
are in turn used as a factor of production?

We use three techniques to estimate Y;I' — Y = ~, where Y income for i firm when T-treated (the firm
has at least one API) or N-not treated. The results are given in table 2.

In the first and second specifications, we fit a linear regression with the listed controls. The second
specification differs from the first in that the leverage of a firm is included as an additional covariate. These



Financial Summary Statistics, Firms Adopting APIs

Year Variable Firms Mean  Std. Dev. Min Max
2010  Net Income 38  1434.68 3542.75  -224.16  19085.00
Capital Investment 37 1297.06 4193.54 2.24  20302.00
Leverage 37 1.47 6.37  -15.19 34.56
Market Value 32 24118.85 41372.40  306.15 173667.73
R&D % Income 23 5.69 8.41 0.00 26.70
Operating Profits 37  3525.54 8430.69 13.75  38952.00
2011  Net Income 40  1050.25 1617.17  -83.02 8572.00
Capital Investment 40 1269.24 4018.84 2.18  20272.00
Leverage 38 0.84 4.72  -20.71 13.71
Market Value 32 26364.90 43786.66  244.47 179217.72
R&D % Income 25 5.57 7.97 0.00 25.42
Operating Profits 40  3355.12 7166.68 -1.15  34686.00
2012  Net Income 41  1161.66 1906.26  -195.87 9019.00
Capital Investment 40  1349.40 3968.17 2.50  19728.00
Leverage 40 0.28 5.46  -30.52 10.83
Market Value 33 27901.75 45647.53  297.86 188148.83
R&D % Income 24 7.03 9.43 0.00 31.17
Operating Profits 40  3289.89 6937.90 -10.76  31140.00
2013  Net Income 22 1919.89 3766.79 -536.87  18249.00
Capital Investment 22 1905.17 4774.90 5.08  21228.00
Leverage 22 2.20 3.05 0.12 16.97
Market Value 22 31331.18 45231.01  516.41 183757.27
R&D % Income 17 5.10 7.52 0.00 25.95
Operating Profits 22 5478.64 12113.35 8.41  49374.00
2014  Net Income 33 1464.19 1754.84 -72.37 6224.00
Capital Investment 33 2255.65 4975.84 17.21  21433.00
Leverage 33 2.65 4.32 0.16 17.57
Market Value 33 36009.49 46906.25  449.08 174228.41
R&D % Income 33 5.14 9.03 0.00 26.87
Operating Profits 33 4800.88 7379.46 31.60  31689.00
2015  Net Income 40  2297.67 3840.38  -43.21  13345.00
Capital Investment 40  2210.31 5639.84 21.96  20015.00
Leverage 40 3.73 8.28 0.20 31.16
Market Value 40 42373.17 65740.92  771.83 211447.39
R&D % Income 40 6.50 11.15 0.00 28.87
Operating Profits 40  6487.03 12952.94 23.06  47845.00

Table 1: Financial Summary Statistics for firms that adopt APIs during or after 2013. Variables are in
millions, except for leverage ratio and sales. Sales are quarterly sale quantities indexed by earliest period
on record (Observation to be replaced with firm). Net income is operating and non-operating income minus
non-extraordinary expenses. Operating profit is operating income minus operating expenses. Observations
are quarterly, number of firms for a variable are those with at least one quarter of data in a year.



Main Characteristics of Firms that Adopted APIs

2013 2014 2015

Main Sectors

Retail (NAICS 44-45) 67.6% 72.10% 70.20%

Management (NAICS 55-56) 17.4% 20.20% 19.10%

Information & Financial (NAICS 51-52) 7.0% 5.30% 4.60%

Average Others 0.4% 0.70% 0.63%
Region (Publicly Traded in USA only)

USA 83.4% 80.0% 79.3%

EUROPE 10.1% 9.2% 10.2%

AMERICAS 4.4% 8.1% 7.7%

ASIA 2.0% 2.3% 2.0%
Proximity to Provider (Euclidean L2) 31.1 30.98 27.3

USA (firms based in USA) 311 30.98 27.3

EUROPE (firms based in EU) 22.7 21 20.4
Size

Employees 674.22 1180.8 943.2

Margin after Operational Expenditures 11.80% 14.80% 18.60%

Figure 1: Characteristics of firms that adopt APIs during or after 2013, by year.

specifications yield the result that firms that adopt APIs have significantly higher incomes in subsequent
years.

Of course, future income is unlikely to depend on sales, capital expenditure, and leverage in a linear
way. Therefore, our second approach is to generate matching estimators. These are based on imputing
counterfactual outcome value for each firm. The matching estimator takes the form:

=Ny - v (1)

Specification 3 uses propensity scoring to estimate the effect of API adoption. Our current preferred spec-
ification (the fourth), nearest neighbor matching, uses the firms that are most similar ex-ante to the the
API using firms to estimate the effect of API use. Once APIs are adopted by a firm they have significantly
more income than firms that are ex-ante similar. Our point estimate is that their income is over a third of
a million dollars higher every year.

Tables 4, 5, 7, 6, 8 , and 9 linearly estimate the effect of different measures of API use on income. The
results again are optimistic: Volume and Traffic seem to have a positive effect on revenues and operating
profits. An interesting finding is that after adoption of API, using more programmers is associated with
lower revenues. While the analysis still a work in progress, this might offer a hint of interesting questions
regarding the effect (efficiency) that an API might have on a single programmer.

The estimates of ??7 and 2 are likely to be biased. API usage is probably caused by unobservable firm
characteristics, like anticipated demand growth or general firm tech-savvyness, that might be correlated with
future income. In future work we will use IV and other approaches to eliminate this bias.

As more information becomes available, we would also like to understand how APIs make their impact.
For example, to what extent do code and APIs complement or substitute for other factors of production?
How do they differ? To what extent does the openness of an API matter to its function in a firm? Does the



API Usage Statistics

Year Variable Firms Mean  Std. Dev. Min Max
2013  Number of APIs 22 5.00 5.67 1 25
Developers 22 80.26 148.06 1 492
Calls 22 2.87 12.20 2 57.40
Data 22 126000.00 522000.00 0 2340000.00
Data per Call 22 43971.37 42786.89 2 40766.55
2014  Number of APIs 33 15.52 18.86 1 70
Developers 33 329.27 888.33 4777
Calls 33 1.20 2.55 2 10.80
Data 33 26700.00 104000.00 0 571000.00
Data per Call 33 22304.14 40776.61 2 52870.37
2015  Number of APIs 40 32.05 59.37 1 331
Developers 40 365.05 598.69 1 3171
Calls 40 3.23 11.10 1 66.60
Data 40  35700.00 111000.00 0 546000.00
Data per Call 40 11043.89 10000.00 2 8198.20

Table 2: API Usage Summary Statistics for firms that adopt APIs during or after 2013. Data is volume
flow in million bytes, calls are in millions. Developers is number of developers authorized to write programs
for a firm’s APIs. Observations are quarterly, and number of firms is the number of firms with at least one
observation in a year.

function of APIs as a factor of production vary by industry? Firm strategy? What kind of investments have
the highest return? Investments in open APIs, closed APIs, or investments in bespoke programs? Is there
an inter-temporal tradeoff?

As another method of understanding the value and mechanisms by which APIs and related investments
impact firms, when our final data set becomes available we will estimate the following production functions:

—
Yii = fv,i(Ams, Pr, Xv,t)
—
P, = fip(Pi—1, A, Xpy)

Am,t = fi,A(Am,t717 XA,m,t)

Where Y; is some characteristic of a firm in industry 7 (such as revenue), A,, is the (unobservable) quality
in efficiency units of every API m, and P is the quality of the firm’s private program stock. X are any other
inputs used in the production of these. These flexible functions allow for many types of spillovers, including
learning by doing, code-reuse (and depreciation), and increasing returns to scale.

We will estimate these equations using the following approaches. First, we will try to discover a proxy
(which may be a compound of such factors as APT calls by type) to use in the place of unobservable A, and
P. We hypothesize that APIs with different functions (e.g. sales, login, inventory) and orientations (e.g.
B2B, B2C, internal) will differentially impact a firm’s inputs and outputs. A second approach to estimating
A,, and P, is to perform a two-step procedure to generate an in sample forecast series.

For each of these approaches we will then use the Generalized Method of Moments estimator of Arellano
and Bond (1991), also known as difference GMM, and an augmented version (system GMM) developed by
Arellano and Bover (1995).

These estimators are designed for dynamic panel models with: a shorter time dimension, and large
number of observations (in our case firms or code modules); a linearized functional relationship; a left-hand-
side variable that is dynamic, depending on its own past realizations; independent variables that are not
strictly exogenous, meaning that they are correlated with past and possibly current realizations of the error;



Treatment Effect Estimation
Outcome Variable: Income (Revenues before Extraodinary Events)

Treatment Variable: Adoption of API (Binary, adjusted in time)

Regression (IPW) Propensity Nearest
Baseline Leverage Match Neighbor
ATE 162.4634**  187.8349* 492.1583** 364.7665**
(13.34328) (14.76836) (125.6853) (69.51876)
Sales 0.05235+ 0.052296*
6.20 6.20
CAPX -0.0564 -0.0563152+
(6.19) (6.37)
lev -0.0461+
(7.745)
Constant 27.56532** 31.28339**
(13.01) (17.01)

Std. Errors statistics in parentheses
+ p<0.10, * p<0.05, ** p<0.01

Figure 2: Estimation of the effect of API technology adoption under different specifications. Outcome is the
net income variable described above, measured in millions. Sales is total firm sales in quantities indexed by
sales in the firm’s first year of observation.

fixed individual effects; and heteroskedasticity and autocorrelation within individuals and possibly across
them. Robustness to autocorrelation is especially important given that we believe A,, and P accumulate
over time. These GMM estimators take the first difference of the estimated equation to eliminate the fixed
effects term and then use the lagged value (or future value in the forward orthogonal case) of the right hand
side variables as instruments to estimate the coefficients.

5 General Equilibrium Impact

A large body of macroeconomic theory (Jones, 2002, 2005; Romer, 1986; Furman et al., 2002; Benzell et al.,
2016) argues for the ongoing importance of code and code spillovers. The skill biased technological change
literate emphasizes the importance of these and related technical changes on wages.

In future work, we would also like to estimate the overall impact of APIs and related code investments
on the economy. In particular we plan to make an estimate of APIs’ overall economic contribution and
average RTI. Finally, with a rich enough data set, we hope to explore the contribution of APIs to skill biased
technological change.
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Financial Summary Statistics, All Compustat Firms

Year Variable Firms Mean Std. Dev. P25 P50 P75
2010  Net Income 600  165.02 1124.24 -4.00 3.47 51.27
Capital Investment 544  158.44 899.27 0.34 5.24 45.80
Leverage 599 12.39 710.53 0.27 0.93 2.61
Market Value 502 2717.58 13778.56  33.57 212.69 1139.54
R&D % Income 259  270.46 3932.85 0.13 3.65 15.65
Operating Profits 548  496.47 3191.34 -0.13  22.52  178.61
2011  Net Income 603  180.23 1291.11 -3.44 4.34 60.48
Capital Investment 547 184.84 1043.71 0.33 6.13 56.21
Leverage 602 12.29 567.50 0.26 0.95 2.68
Market Value 500 2815.08 15005.92  32.54 191.44 1169.03
R&D % Income 258  836.26 20578.36 0.11 3.73 16.39
Operating Profits 551  531.78 3324.86 -0.20  24.67  198.13
2012  Net Income 623  177.59 1349.31 -4.34 3.88 57.80
Capital Investment 566  200.67 1122.96 0.27 5.64 59.60
Leverage 622 14.86 618.78 0.23 0.93 2.75
Market Value 504 3073.15 17587.85  32.45 208.51 1274.91
R&D % Income 266  775.72 17791.76 0.09 4.00 18.43
Operating Profits 570  535.02 3457.00 -0.53  22.00 196.21
2013  Net Income 633  218.83 1865.12 -5.02 3.69 60.08
Capital Investment 574  208.66 1203.91 0.19 5.20 60.12
Leverage 633 4.82 303.45 0.20 0.89 2.56
Market Value 516 3851.48 19087.22  40.90 288.37 1707.91
R&D % Income 268  395.70 4378.62 0.16 4.10 18.92
Operating Profits 579  571.46 3651.76 -0.91  19.55  197.32
2014  Net Income 597 199.04 1302.81 -5.48 5.12 74.80
Capital Investment 544  232.65 1230.99 0.24 6.26 68.20
Leverage 596 2.87 41.47 0.26 1.00 2.68
Market Value 526 4099.40 20474.84  50.38 323.39 1839.94
R&D % Income 256  551.07 7470.75 0.20 4.24 18.53
Operating Profits 548  550.10 3023.48 -1.09  25.71  235.98
2015  Net Income 559  285.36 1856.41 -1.41 19.21 144.26
Capital Investment 419  335.18 1437.76 1.78 24.78 129.69
Leverage 556 2.85 13.32 0.45 1.20 3.11
Market Value 534  6863.46 28674.46 139.96 917.40 3629.67
R&D % Income 253  176.33 3152.15 0.00 4.20 15.97
Operating Profits 512 725.87 3282.37 3.94 88.91  431.00

Table 3: Financial Summary Statistics for firms that adopt APIs during or after 2013. Variables are in mil-
lions, except for leverage ratio. Net income is operating and non-operating income minus non-extraordinary
expenses. Operating profit is operating income minus operating expenses. Observations are quarterly, num-
ber of firms for a variable are those with at least one quarter of data in a year.



Table 4: Linear Regression of Log Net Income, with Firm Fixed Effects
(1) (2) 3) (4)
Data 6.6697  7.455T  8.1027  6.646T
(1.98) (1.93) (2.43) (2.27)

Capital Expenditures (log) -0.146  -0.409 0.0215
(-0.55)  (-1.48) (0.06)
Employees 0.00866 -0.00582
(1.67) (-0.59)

Leverage Ratio 0.254
(1.65)

Constant 6.421**  7.310**  7.454** 7.251*
(186.82)  (4.51) (5.35) (5.76)

Observations 720 720 720 680

R? 0.394 0.429 0.663 0.823

t statistics in parentheses
+ p<0.10, * p < 0.05, ** p < 0.01

Table 5: Linear Regression of Log Net Income, with Firm Fixed Effects
(1) (2) 3) (4)
Calls 6.448%  7.430% 81257  6.695T
(1.95) (1.94) (2.48) (2.36)

Capital Expenditures (log) -0.170  -0.439  -0.00482
(-0.63)  (-1.58) (-0.01)
Employees 0.00877 -0.00571
(1.71) (-0.60)
Leverage Ratio 0.254
(1.69)
Constant 6.607**  7.677**  7.920**  7.544*
(205.71)  (4.51)  (5.45)  (5.75)
Observations 800 800 800 760
R? 0.387 0.432 0.672 0.832

t statistics in parentheses
T p<0.10, * p<0.05 ** p<0.01



Table 6: Linear Regression of Log Net Income, with Firm Fixed Effects

(1) (2) (3) (4)
Developers -0.0385"  -0.0448T  -0.0563*  -0.0467
(-1.91)  (-1.91)  (-3.39)  (-2.89)
Capital Expenditures (log) -0.175  -0.547T -0.182
(-0.64)  (-2.33)  (-0.55)
Employees 0.0111F  -0.000597
(2.59) (-0.07)
Leverage Ratio 0.197
(1.44)
Constant 6.797** 7.933** 8.489** 8.133**
(76.46)  (4.47)  (6.91)  (6.60)
Observations 800 800 800 760
R? 0.377 0.424 0.785 0.873

t statistics in parentheses
+ p<0.10, * p < 0.05, ** p < 0.01

Table 7: Linear Regression of Log Operating Profits, with Firm Fixed Effects

(1) (2) (3) (4)
Data 0.237 0.272 0.319 0.236
(1.15)  (1.13) (1.80) (1.64)
Capital Expenditures (log) -0.00643 -0.0257 -0.00115
(-0.39)  (-1.75) (-0.07)
Employees 0.000633"  -0.000191
(2.30) (-0.40)
Leverage Ratio 0.0145
(1.91)
Constant 0.172**  0.207+ 0.222* 0.191F
(87.31) (2.09) (3.04) (3.08)
Observations 800 760 760 720
R? 0.181 0.205 0.658 0.845

t statistics in parentheses
T p<0.10, * p<0.05 ** p<0.01
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Table 8: Linear Regression of Log Operating Profits, with Firm Fixed Effects

(1) (2) 3) (4)
Calls 0.229 0.272 0.322 0.241
(1.14) (1.14) (1.85) (1.73)
Capital Expenditures (log) -0.00731  -0.0269 -0.00226
(-0.44) (-1.83) (-0.13)
Employees 0.000638T  -0.000184
(2.35) (-0.39)
Leverage Ratio 0.0144
(1.95)
Constant 0.176**  0.2197 0.240* 0.201+
(95.23)  (2.10) (3.15) (3.11)
Observations 880 840 840 800
R? 0.177 0.207 0.666 0.853

t statistics in parentheses
+ p <0.10, * p < 0.05, ** p < 0.01

Table 9: Linear Regression of Log Operating Profits, with Firm Fixed Effects

(1) (2) (3) (4)
Developers -0.00153 -0.00183 -0.00261* -0.00208*
(-1.28)  (-1.30)  (-3.72)  (-4.31)
Capital Expenditures (log) -0.00845  -0.0338* -0.0135
(-0.52)  (-3.39)  (-1.38)
Employees 0.000755*  0.000104
(4.18) (0.39)
Leverage Ratio 0.01107"
(2.69)
Constant 0.183**  0.234% 0.276** 0.241**
(37.22)  (2.24) (5.35) (6.52)
Observations 880 840 840 800
R? 0.214 0.254 0.861 0.959

t statistics in parentheses
+p<0.10, * p < 0.05, ** p<0.01
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