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Abstract 
 

Harold Hotelling’s 1931 article on the economics of exhaustible resources is considered groundbreaking 
in the history of nonrenewable resource analysis. Hotelling’s innovation has been characterized by compa-
ring his work with other contributions dealing with conservation issues. It has also been connected to his 
earlier work on depreciation, published in 1925, for using the same kind of mathematical formalism. This 
article further explores this second research direction on the basis of new archival materials, showing that 
Hotelling conceived his contributions on resources and depreciation as closely and substantially intertwi-
ned. It also suggests that Hotelling’s interest in exhaustible resources came from his earlier readings in 
accounting. These results shed new light on Hotelling’s early economic research, on our common unders-
tanding of his 1931 contribution, and on the origins of the connection between nature and capital in the 
history of environmental economics.  
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Introduction  
 

Harold Hotelling’s 1931 contribution to the 
economics of exhaustible resources is considered 
groundbreaking in the history of economic 
thought, establishing “the Hotelling rule, the 
fundamental principle of natural-resource 
economics” (Solow 1974: 12). Prior investiga-
tions by historians of economic thought most 
often connect Hotelling’s 1931 article to other 
works in the field of natural resource analysis, to 
draw comparisons and filiations with other au-
thors (e.g., Robinson 1989; Kula 1998; Pottier 
2014; Missemer 2017). In particular, the role of 
the conservation movement in Hotelling’s mo-
tives is frequently scrutinized (Gaudet 2007; 
Livernois 2009). According to this literature, 
Hotelling would have determined the optimal 
extraction path of finite resources on the basis of 
advanced mathematical techniques, positioning 
his analysis as an answer to the conservationists, 
from a rational-choice point of view. A strong 
support for this claim is Hotelling’s own mention 
of the conservation movement in the opening of 
his 1931 article (137). Yet, intriguingly, there is 
no reference in Hotelling (1931) to past econo-
mists involved in conservation debates, such as 
Lewis C. Gray (1913, 1914), Richard T. Ely 
(1918), and John Ise (1925), while they did pro-
pose some theoretical treatment of nonrenewable 
resources (G. Smith 1982; Crabbé 1983; Ramos 
Gorostiza 2003; Missemer 2017).  

Another research direction explored in the li-
terature advocates a link between Hotelling’s 
previous research on depreciation, published in 
1925, and his 1931 work on exhaustible re-
sources. The formal similarities between the two 
papers, in particular the innovative use of the 
calculus of variations, are particularly 
highlighted (Samuelson 1960; Darnell 1988, 
1990). Crabbé (1986b: 3) even suggests that, 
starting with Hotelling’s 1925 depreciation 
theory, “if th[e] function is a negative exponen-
tial with a constant parameter, the rate of inte-
rest, it becomes Hotelling’s rule for nonrene-
wable resources proposed by him in 1931.” 
Franco, Gaspard, and Mueller (2019) use that 
filiation to understand Hotelling’s specific ap-
proach to time discounting from 1931 onward.  

Our article investigates the hypothesis that 
this second research direction offers better in-

sights for understanding the structure and argu-
ment of the 1931 contribution and for identifying 
Hotelling’s motives for working on exhaustible 
resources, relegating conservation issues to the 
background. Indeed, Hotelling did not continue 
to work on depreciation after his 1925 publica-
tion. Yet the fact that he depicts exhaustible re-
sources as finite “assets” in his 1931 paper sug-
gests that a common thread between his two 
articles was an overarching ambition on asset 
valuation, defined as the undertaking to deter-
mine the total value of a productive property 
(machines, plants, public infrastructure, patents, 
stocks of ore, etc.) from different perspectives 
(sale, depreciation, optimal exploitation). In 
other words, the connection between deprecia-
tion and exhaustible resources in Hotelling’s 
research is probably substantive, beyond mere 
formal similarities.1 

We test this assumption by a novel investiga-
tion of Hotelling’s archival materials stored at 
Columbia University, seeking to establish the 
articulation between his works on depreciation 
and exhaustible resources. We are led to think 
that Hotelling’s interest in exhaustible resources 
came from his preparatory work on depreciation, 
in particular from readings in accounting that put 
him on the trail of exhaustible assets, to address 
taxation and fair pricing issues, and not for con-
servation motives.  

Our inquiry is also a contribution to the histo-
ry of environmental and natural resource econo-
mics. In the first decades of the twentieth centu-
ry, connections between the natural world 
(sources of power, materials, spaces, etc.) and 
the theory of capital were drawn more and more 
frequently (Barbier 2010, 2019)—the appearance 
of the concept of natural capital at the time is an 
illustrative example (Missemer 2018).2 We in-
tend here to explain the extent to which Hotel-
ling contributed to that conceptual link, still in 
																																																								
1 We do not intend, nevertheless, to minimize the mathema-
tical connection between the two projects, which is essential 
to understand Hotelling’s undertaking. We simply claim 
that this connection is supplemented by another, more 
substantial one. Our purpose is therefore not to contribute 
specifically to the history of mathematical economics, but 
to address other dimensions of Hotelling’s work. 
2 On the representations of nature conveyed by the idea of 
natural capital, see also Akerman 2003; Fenichel and Ab-
bott 2014; DesRoches 2015, 2018; Nadal 2016; Costanza et 
al. , 2017; Sullivan 2017; Daly 2020; Victor 2020. 
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force today for a variety of environmental attri-
butes, including biodiversity, natural resources, 
and climate balances (Daily 1997; Helm 2015; 
Karp 2017). On this point, Hotelling is often 
associated with economists close to the conser-
vation movement, particularly Gray (Robinson 
1980; Crabbé 1986a; G. Smith 1986; Sweeney 
1993; Brazee and Cloutier 2006). Our results 
show, to the contrary, that Hotelling touched on 
this connection through a different, singular 
channel.  

Although Darnell (1990) has already explored 
Hotelling’s archives, in particular for biographi-
cal matters,3 and even if a few other scholars 
used them for specific research questions (Crab-
bé 1986b; Hands and Mirowski 1998), our study 
is the first to be based on a systematic examina-
tion of all unpublished materials from the early 
1920s.4 This includes drafts and notes, pieces of 
correspondence, memos, and monthly reports for 
the directors of the Food Research Institute at 
Stanford University, where Hotelling started his 
professional career (1924–27). We have also 
mobilized archival materials from Princeton 
University (PUA herein), where Hotelling prepa-
red his PhD dissertation (1921–24), and from the 
University of Washington, where he was an un-
dergraduate (1913–19), and then a graduate stu-
dent (1920–21).  

This article is organized as follows: Section 1 
demonstrates that Hotelling’s works on deprecia-
tion and natural resources are to be considered as 
twin projects, pertaining to the same set of theo-
retical questions. Section 2, focusing on the early 
1920s, investigates why and how Hotelling de-
cided to work on depreciation issues after com-
pleting his PhD at Princeton. Section 3 scruti-
nizes Hotelling’s preparatory work on deprecia-

																																																								
3 Unfortunately, Darnell’s archival referencing is not al-
ways clear, so it is difficult to know which materials he 
consulted. 
4 This article is part of a research project (#BNREproject), 
the participants of which produced other articles and 
working papers providing complementary insights on the 
basis of the same bundle of materials (e.g., Franco, Gas-
pard, and Mueller 2019; Gaspard and Missemer 2019; 
Ferreira da Cunha and Missemer 2020; Missemer and Na-
daud 2020; Gaspard and Muel- ler 2021). The overall set of 
deliverables from this project, including the present article, 
aims to give a renewed view of natural resource economics 
in the 1920s–1930s, in particular regarding Hotelling’s 
contribution. 

tion, particularly his readings in accounting, in 
search of the possible sources of his interest in 
exhaustible resources. Section 4 further explores 
how Hotelling translated these readings into full 
economic research questions for his 1925 and 
1931 papers. Section 5 traces the influence of 
this preparatory work not only on the connection 
between depreciation and exhaustible resources, 
but also on the precise content of “The Econo-
mics of Exhaustible Resources,” especially re-
garding taxation. The final section is for conclu-
ding remarks. 

 

1. Depreciation and Exhaustible Resources as 
Twin Projects 
 

In his 1931 paper on the economics of ex-
haustible resources, Harold Hotelling situates his 
demonstration on two parallel grounds. On the 
rst ground, the basic principle for the optimal 
extraction of resources (p = p0eγt), today known 
as the Hotelling rule, is stated for resources 
whose sole characteristic is finite and known 
availability, in a theoretical framework of free 
competition. This is an abstract, stylized object, 
which leads Hotelling to talk about “exhaustible 
assets” (137) rather than concrete natural re-
sources (minerals, oil, and gas). On the second 
ground, as soon as these concrete resources are 
concerned (in particular from section 8 onward 
in the 1931 article), other characteristics than 
finite and known availability are to be taken into 
account, such as geological constraints (uneven 
location, increasing costs). Hotelling is clear: 
these concrete resources require other theoretical 
principles beyond the basic equation to be accu-
rately circumscribed (see Ferreira da Cunha and 
Missemer 2020).  

In other words, in “The Economics of Ex-
haustible Resources,” Hotelling defines his sub-
ject of investigation as pertaining to two research 
directions: one is the valuation and exploitation 
of generic stylized assets, the other, the extrac-
tion and management of concrete real-world 
natural resources. The first of these questions is 
related to the general issue of asset valuation, for 
which the theory of depreciation, as explored by 
Hotelling in 1925, is a particular case. This sug-
gests that a part of the 1931 article, focusing on 
generic assets, can be considered as belonging to 
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the same set of broad concerns as the 1925 pa-
per, when the assets to value (and then, possibly, 
depreciate) have a specific feature, that is, they 
are irreplaceable.  

Hotelling’s archival materials from the 1920s 
allow a clearer view of Hotelling’s work on asset 
valuation. They include a two-page document, 
with a few related drafts, for a talk at the Ameri-
can Mathematical Society in Chicago on 
December 26, 1924. 5  The main document is 
divided into four parts. Part 1 is about the “de-
preciation” of a machine (i.e., a replaceable pro-
ductive asset), with a few bullet points reprodu-
cing the main conclusions to be published in the 
following year (Hotelling 1925). Parts 2 and 3 
are about the “competition of exhaustible assets” 
and the “monopoly of exhaustible assets,” and 
part 4 sketches some reflections on the generic 
dimension of the results, in relation to “the pro-
blem . . . of maximizing functionals.”  

At that date, Hotelling had just submitted his 
article on depreciation to the Journal of the Ame-
rican Statistical Association,6 and he aimed to 
explore more sophisticated theoretical cases 
related to his theory of depreciation. The first 
case makes abstraction of the assumption of 
productive assets running “to full capacity”—
common in the literature on valuation and depre-
ciation, an assumption “not even approximately 
true” (Hotelling 1925: 351) when dealing with 
the case of mines. In such cases, theory has to 
consider the fact that the owner of the property 
may voluntary control its rate of working, and 
limit the produced quantity at any given point in 
time.  

Part 1, on the one side, and parts 2 and 3, on 
the other, are not presented as independent exer-
cises of mathematical economics. They consti-
tute separate research questions, but they share 
common formalisms (i.e., integrals) and com-
mon theoretical assumptions, in particular regar-
ding “full capacity” or “rate of working.” The 
Chicago talk confirms that Hotelling conceived 
that there was a junction between his projects on 
depreciation and exhaustible assets from the very 
beginning of his economic research.  
																																																								
5 Harold Hotelling Papers, box 10, “AMS Reports and 
Correspondence (3).”  
6 The submission letter dates from December 19, 1924, 
Harold Hotelling Papers, box 10, “AMS Reports and Cor-
respondence (3).” 

Archival documents help to reconstruct, 
month by month, Hotelling’s early work on both 
depreciation and exhaustible resources, in the 
autumn of 1924. After completing his PhD in 
topology at Princeton in June, Hotelling got a 
junior associate position at the Food Research 
Institute of Stanford University. He obtained the 
position a few weeks before his defense, after 
being recommended by his advisor Oswald Ve-
blen.7 His official contract started on October 1, 
1924. During the previous summer, Joseph S. 
Davis, the executive secretary of the Food 
Research Institute, asked his staff to produce 
monthly reports for “keeping all the directors 
periodically informed of the progress . . . made, 
the major difficulties . . . encountered, the plans 
for further work . . . and the suggestions . . . in 
conjunction with his own work or the work of 
the Institute in general.”8 

Hotelling’s first report dates from November 
3, 1924, and shows in a few paragraphs his acti-
vity during his first weeks at the Food Research 
Institute.9 Among various occupations, Hotelling 
explains he dedicated most of his time to “the 
completion of a major piece of research on the 
mathematics of Depreciation.” There is no men-
tion of any research on exhaustible resources.  

In the following report, dated from December 
1, 1924, Hotelling depicts a progression from 
depreciation to the subject of “exhaustible as-
sets”: 

 
The month [November 1924] was chiefly devoted 
to study in what seems to be a virgin field—the 
economics of exhaustible assets. . . . Some of the 
simpler problems in this field are covered in my 
recent paper on “A General Mathematical Theory 
of Depreciation,” in which are discussed the cases 
in which the Calculus of Variations is not required 
for solution. This rather abstruse branch of ma-
thematics is necessary, however, for dealing with 
such problems as the determination of the most 
profitable rate of working a mine when demand is 
elastic. (“Agriculture 3,” box 41, HHP)  
 

																																																								
7 Letter from Alsberg to Hotelling, March 13, 1924, Harold 
Hotelling Papers, box 6, “Wallis-Fry”; and letter from 
Wilbur to Hotelling, March 29, 1924, Harold Hotelling 
Papers, box 1, “Wilbur, Ray Lyman.” 
8 Letter from Davis to the Institute Circle, July 30, 1924, 
Harold Hotelling Papers, box 39, “Misc. (5).” 
9 Harold Hotelling Papers, box 41, “Agriculture III.” 
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This passage demonstrates how Hotelling 
connected his depreciation theory and his 
research on “exhaustible assets”: the latter is a 
new case of asset valuation, in which more com-
plex problems than those treated in his “theory 
of depreciation” occur. This quotation also pro-
vides historical information about Hotelling’s 
self-positioning in the literature. By characteri-
zing his investigation as exploring “a virgin 
field,” he does not seek to participate in the 
economic debates on conservation, as had Gray, 
Ely, and Ise. He prefers instead to characterize 
his undertaking as a new field, namely, the 
economics of exhaustible assets. This is a further 
indication that the conservation movement did 
not play an essential role in Hotelling’s original 
motivations.10 

In the draft entitled “Monopoly of an Exhaus-
tible Asset,” from November 1924 and used for 
the Chicago talk, the objective function is the 
same as in the depreciation work, now with the 
constraint ∫0Tqi•dt = a, where a is the “total 
amount contained in the mine.”11 We clearly see 
Hotelling establishing a mathematically treatable 
constraint on the overall valuation function, des-
cribing a particular feature present in the case of 
mines. Hotelling probably considered this a “vir-
gin field” not because no one discussed mines 
before but because no one had abstracted from 
mines a subclass of “exhaustible assets” in the 
economy.  

The issues at stake are mentioned briefly at 
the end of Hotelling’s article on depreciation: 
considering cases where the owner of the proper-
ty voluntarily controls the rate of working of the 
productive asset, the production path becomes a 
strategic or political choice leading to “a great 
deal of economic and even ethical theory” (1925: 

																																																								
10  Supporting this statement even more, we found that 
conservation (mentioned in the opening of the 1931 article) 
came into Hotelling’s drafts at the very end of his research; 
in preliminary versions of the introduction, sketched as late 
as December 1929, the mention of the conservation 
movement is missing (Harold Hotelling Papers, box 42, 
“Exploitation of Irreplaceable Assets”). These drafts are 
discussed in Ferreira da Cunha and Missemer 2020. Like- 
wise, this suggests as well that Hotelling was not well 
aware of areas of literature making connections between 
capital and natural resources (e.g., early works on “natural 
capital”; see Barbier 2010; Missemer 2018). 
11 Harold Hotelling Papers, box 10, “AMS Reports and 
Correspondence (3).” 

353).  
In summary, archival documents from the au-

tumn of 1924 demonstrate the close, substantial 
(not only formal) relation in Hotelling’s research 
between his twin projects on depreciation and on 
exhaustible resources, as particular instances of 
the broader asset valuation problem. We know 
he published his depreciation theory in 1925. 
However, he shelved his drafts and notes on 
exhaustible assets for a few years, only relaun-
ching them in 1928, under new influences and 
with partly new ambitions (Gaspard and Misse-
mer 2019). The architecture of the 1931 article, 
with the exploration of two parallel research 
directions, suggests that he kept in mind the view 
of depreciation and exhaustible resources as twin 
projects. 

 

2. Why and How Did Hotelling Come to Work 
on Depreciation?  
 

Depreciation theory is rightly considered as 
Hotelling’s first achievement in mathematical 
economics (Samuelson 1960; Darnell 1990), but 
the conditions that led him to the subject have 
not been examined so far. The monthly report 
from November 3, 1924, shows that Hotelling 
devoted October to completing his paper on de-
preciation. There is no previous trace of any 
work on the subject in his early notes from 
1923–24, which suggests that he worked fast on 
his theory of depreciation.12 We sought explana-
tions for his motivation to work on this topic and 
found several leads worth mentioning.  

First, in the 1910s and early 1920s, deprecia-
tion issues were widely discussed in academia, 
in relation to the fair pricing of public utilities. 
Controversies followed the decision of the US 
Supreme Court to recognize the practice of char-
ging in advance selling prices of public utilities 
with depreciation allowances (City of Knoxville 
v. Knoxville Water Co., 212 U.S. S.1, 1909). 
This decision, inherited from the “Smyth doc-
trine” (Smyth v. Ames, 169 U.S. 466, 1898), 

																																																								
12 The drafts from 1923 are about “oscillations of supply 
with time” and “maximum utility by individual + by joint 
action” (Harold Hotelling Papers, box 45, “Misc. Problems, 
Dated 1923–1929”). There is no trace of other early notes in 
either the Princeton archives or the archives of the Universi-
ty of Washington. 

11
5 

| 1
14

 
115 | 116 



 6 

which had recommended the reproduction cost 
method to value railroad and public utility plants 
(Giocoli 2018), stimulated research on deprecia-
tion methods and raised questions about the im-
pact of the calculations on the fair pricing of 
utilities (Allison 1914). The American Society of 
Civil Engineers asked for the creation of a 
special committee to establish principles for the 
valuation (and depreciation) of public utilities. 
Its final report (Stearns et al. 1917) changed the 
way depreciation methods were used, giving 
birth to seminal contributions (Taylor 1923; 
Skinner 1924; Canning 1929).  

Hotelling’s autobiographical notes (1948) re-
veal that he paid attention to the issues of public 
utilities at an early age and that he became fami-
liar with technical aspects of the debate while 
completing his undergraduate curriculum in 
journalism at the University of Washington.13 
His courses comprised not only political science 
and political economy but also accounting and 
business administration, including the “theory of 
assets, liability and propriety, depreciation and 
appreciation.” 14  The department was mostly 
influenced at the time by J. Allen Smith, who 
played an important role in the controversies 
over public utilities commissions (McClintock 
1962). 15  Hotelling never explicitly stated that 
																																																								
13 It is his “acute interest in problems of economic and 
political reform, stimulated by the democratic debates and 
problems of the new city” (1948: 17) that led him to pursue 
a BA in journalism during 1913–19. Although Hotelling 
does not make a list of the debates and problems evoked 
here, he refers in the same document to events and difficul-
ties experienced in Seattle in the 1900s and 1910s, inclu-
ding tensions between local businesses and railroad com- 
panies over rates “that all the local people thought were too 
high” (1948: 12). 
14 The University of Washington makes available the cata-
logues describing departments and curricula. See, for ins-
tance, the catalogue for 1917–19 at: www.washington 
.edu/students/gencat/archive/GenCat1917-19v1.pdf. 
15 Smith’s major book, The Spirit of American Government 
(1907), had become a reference for liberal leaders during 
the Progressive Era. Smith aimed at demonstrating the 
antidemocratic intentions of the Founding Fathers as well as 
the way the Supreme Court had preserved the privileges of 
the capital-owning class and corporations against the de-
mands of democratic movements. A third part of the book 
exhibited the relation between the doctrine of laissez-faire 
and the rising of trusts and monopolies. In the 1910s, Smith 
was engaged in a criticism of the social and political com-
position of the public utilities commissions that were emer-
ging in the territory to regulate private and public utilities 
(J. A. Smith 1914). 

this environment directly motivated his theory of 
depreciation, but as he later wrote, his undergra-
duate courses helped him to detect economic 
questions requiring further mathematical investi-
gation: 

 
The formal study of several branches of econo-
mics while I was nominally a student of journa-
lism laid an invaluable foundation for later work. . 
. . The combination of science and political 
economy led to the thought of applying the 
methods proven so fruitful in the exact sciences to 
discover new truth in economics and political 
science. Proficiency in these methods required in 
the first place mathematics. (Hotelling 1948: 17)  
 
After a disappointing experience as a journa-

list for the Washington Standard, Hotelling re-
turned to the University of Washington for a 
master’s program in science, with applied ma-
thematics as the main subject (1920–21). His 
application to the PhD program at Princeton 
University, dated February 1921, helps us iden-
tify which courses Hotelling attended and with 
whom he had connections while in the master’s 
program. Hotelling indeed specifies that he had 
been taught “differential equations, analytical 
geometry, projective geometry, analytical me-
chanics, limits and series, determinants and 
symmetric functions, theory of life insurance, 
mathematical physics,” mentioning Eric Temple 
Bell, Robert E. Moritz, Lewis J. Neikirk, and 
Lloyd Leroy Smail as professors.16  

During the year 1920–21, Bell taught analyti-
cal mechanics (D’Alembert’s, Hamilton’s, and 
Lagrange’s principles), and encouraged Hotel-
ling to do research in applied mathematics (Dar-
nell 1990). Neikirk taught differential equations 
and supervised Hotelling’s master’s thesis on the 
dynamics of population. Moritz, who was the 
head of the mathematics and astronomy de-
partment, promoted a “more scientific” training 
for students in economics and commerce, 
through the introduction of mathematics and 
statistics (Moritz 1919). Moritz was in charge of 
all finance and actuarial science classes. As we 
traced in the catalogues of the University of 
Washington, “theory of life insurance” was in 

																																																								
16 Application form for admission to Princeton’s graduate 
program, February 21, 1921, Princeton University Ar-
chives, box 36, “Hotelling Harold.” 
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 7 

fact called “Insurance-Premiums and Reserves,” 
and had as prerequisites two others courses by 
Moritz: one devoted to mortality tables, the other 
to “mathematical theories of finance.” The latter 
precisely dealt with “a comprehensive study of 
the theory of interest and discount symmetrically 
developed; valuation of annuities; determination 
of rates of income; valuation of redeemable and 
irredeemable securities; capitalization and de-
preciation; sinking funds and amortization of 
debentures and of options; construction and use 
of bond tables; Makeham’s formula.”17 Hotelling 
therefore learned at the beginning of the 1920s, 
with Moritz, basic formalizations of deprecia-
tion—a subject to which Moritz would contri-
bute in later publications.18 He acquired at that 
moment the technical bases necessary to address 
the issue.  

In addition to this first set of leads, we know 
Hotelling’s will to contribute to the literature on 
depreciation found inspiration in a 1923 article 
by James S. Taylor.19 Taylor departed from the 
1917 report of the American Society of Civil 
Engineers to complete a “unit cost plus” method 
of depreciation using statistical data on the 
useful life of capital assets. Hotelling explicitly 
refers to Taylor’s article in the opening of his 
1925 paper, stating, “Dr. Taylor puts forward a 
method which, it is fair to say, is the only one 
that has been proposed which ever gives correct 
results” (340). By admitting that his own paper 
“owes much” to Taylor’s analysis, Hotelling 
confirms that he found a decisive inventiveness 
																																																								
17 Catalogue for 1920–21: www.washington.edu/students/ 
gencat/archive/GenCat1920-22v1.pdf. See page 254 for a 
more complete description of Moritz’s three courses. Mo-
ritz’s letter of recommendation praises Hotelling’s predis-
positions to conduct “successful research work . . . along 
applied lines of mathematics” (Letter from Moritz to Ve-
blen, February 19, 1921, Princeton University Archives, 
box 36, “Hotelling, Harold”). 
18 Moritz mainly published papers in algebra and topology. 
Yet he also worked on applied mathematics, in particular on 
a mathematical theory of depreciation of physical assets 
(Moritz 1932). The earliest published elements we can find 
related to this work are dated from 1927, under the title “A 
Modification of the Reducing Balance Method on Estima-
ting Depreciation” (Special Collections Library, University 
of Washington). 
19 Taylor presented his paper at the thirtieth annual meeting 
of the American Mathematical Society in New York, 
December 1923. We know Hotelling attended the meeting, 
as mentioned in the bulletin of the Society (Richardson 
1924). 

in the paper published in 1923 to elaborate his 
own theory (340). Taylor’s central contribution 
was to provide a way to estimate and distribute 
depreciation charges throughout the life of a 
machine or an asset producing an output. He 
determined the endogenous useful life of a ma-
chine, depending on the moment when the unit 
cost of production becomes higher than the cost 
a new machine would allow.  

In his 1925 paper, Hotelling disconnects the 
estimation of depreciation from the sole opera-
ting cost of production, in favor of the global 
value of the machine. By defining depreciation 
as the decreasing rate of the economic value of 
this machine, he argues that the objective of the 
owner is to maximize this value (not to minimize 
costs). Depreciation therefore depends on selling 
prices, costs, the initial value of the machine (or 
asset), and its (endogenous) lifetime. Building on 
Taylor, Hotelling clearly discusses asset valua-
tion when examining depreciation issues.  

Archival materials give a third set of leads for 
illuminating Hotelling’s interest in depreciation. 
When he was recruited by the Food Research 
Institute at Stanford University, he was told by 
Carl L. Alsberg that he was expected to work “in 
collaboration with other members of the staff.”20 
Internal correspondence between administrators 
further reveals that the nomination of Hotelling 
was motivated by “the need [of] the assistance of 
a man thoroughly trained in pure mathematics 
[for] the crop estimating project of the Insti-
tute.”21 This information shows that Hotelling 
was invited to work with other colleagues from 
the Food Research Institute right after his arrival 
in October 1924. The institute was a place where 
teamwork and cooperation were particularly 
encouraged.22  On December 19, 1924, in the 
submission letter of his paper to the Journal of 
the American Statistical Association, Hotelling 
wrote: “The mathematical part of the work has 
been checked by Professor H. F. Blichfeldt, the 
numerical computation by Miss E. Gail Benja-
min, and the nonmathematical portions by Pro-

																																																								
20 Letter from Alsberg to Hotelling, March 13, 1924, Harold 
Hotelling Papers, box 6, “Wallis-Fry.”  
21 Letter from Alsberg to Wilbur, March 27, 1924, Harold 
Hotelling Papers, box 6, “Wallis-Fry.” 
22 In one article devoted to the history of the institute, 
Johnston (1998) describes the early Institute as “a body of 
cooperating scholars.” 
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fessor J. B. Canning, all of Stanford University. 
The manuscript has been read carefully by all 
three of the directors of the [Food Research Ins-
titute], whose names appear above.”23 

This quote demonstrates that Hotelling dis-
cussed his project on depreciation with his col-
leagues at the institute. H. F. Blichfeldt was a 
full professor of mathematics at Stanford Uni-
versity, informally involved in the “crop esti- 
mating project” mentioned by Alsberg for the 
recruitment of Hotelling—obviously, the two 
researchers had occasion to work together. E. 
Gail Benjamin was a statistical assistant at the 
Food Research Institute throughout the 1920s. J. 
B. Canning, who arrived at Stanford in 1919, had 
been trained at Chicago. During his doctoral 
program, he had followed and taught many 
courses, in particular in insurance, accounting, 
statistics, and corporate nance. At Stanford, he 
built an entire curriculum in accounting for un-
dergraduate students. According to those who 
followed this curriculum, what they learned was 
that accounting was not just a matter of 
bookkeeping (Zeff 2000: 13). Interestingly, in 
1922–23, Canning opened a new course at Stan- 
ford in advanced accounting about the “valuation 
of fixed assets or private enterprises, and the 
distribution among accounting periods of costs 
and losses incurred in connection with in-
vestment in fixed assets.”24 More generally, in 
the mid-1920s, he pushed for the transformation 
of accounting studies, promoting the introduc-
tion of economics, mathematics, statistics, and 
law into the curriculum (Canning 1929). This 
ambition appears in line with Hotelling’s 1924–
25 analysis of depreciation. Although we do not 
have full evidence of Canning’s role in driving 
Hotelling to the subject of depreciation, the ar-
chives give credence to the hypothesis that Ho-
telling was encouraged by Canning to fully ex-
plore depreciation issues when they met at Stan-
ford in the beginning of the autumn of 1924.25  
																																																								
23 Letter from Hotelling to Ogburn, December 19, 1924, 
Harold Hotelling Papers, box 10, “AMS Reports and Cor-
respondence (3).” 
24 Register for 1922–23, Stanford University, quoted in Zeff 
2000: 17. 
25 Canning (1929) discusses Hotelling’s paper, albeit wi-
thout mentioning that he read a draft of it in the autumn of 
1924. Canning remembers having worked on depreciation 
issues from March 1922 onward and having used his own 
manuscript for instruction in the 1920s. 

In summary, we cannot ascribe a definitive 
reason why Hotelling came to work on deprecia-
tion in 1924, but we explored the different ave-
nues that seemed to us consistent with the ar-
chives. We know that he had a long lasting awa-
reness of issues linked to the valuation and de-
preciation of productive assets (in particular, in 
the case of public utilities); that he was equipped 
to provide his own understanding of the issue 
thanks to his curriculum at the University of 
Washington; and that he shared with Canning, at 
the moment of his arrival at the Food Research 
Institute, the ambition to give sounder mathema-
tical and theoretical foundations to the theory of 
depreciation. The question remains as to why, in 
the autumn of 1924, Hotelling conceived exhaus-
tible resources as intertwined with depreciation 
issues.  

 

3. Exhaustible Assets in Hotelling’s Prepara-
tory Work on Depreciation  
 

Taylor’s 1923 contribution to the theory of 
depreciation does not mention any reference to 
exhaustible assets. There are no such elements 
among the archival materials either, leading us to 
think that Canning could have directly influen-
ced Hotelling on this matter. At first sight, it is 
thus difficult to explain why Hotelling worked 
on exhaustible assets right after working on de-
preciation, and why he articulated the two pro-
jects in his reports to the directors of the Food 
Research Institute.  

Among the references cited by Hotelling in 
his article “A General Mathematical Theory of 
Depreciation” (1925), some can be related to 
archival materials pertaining to his preparatory 
work on the matter. One is Earl A. Saliers’s 
book, Depreciation: Principles and Applica-
tions, published in 1922.26 The archives contain 
a small bibliographical memo, probably destined 
for a librarian—the memo consists of four refe-
rence cards plus a cover titled “bibliography on 
depreciation,” with headings (title, author, vo-
lume, etc.) filled in by Hotelling.27 There is no 
date on this memo, but it was stored in the same 
envelope as the drafts from the autumn of 1924, 

																																																								
26 Taylor (1923, 1010) also cites Saliers 1922. 
27 Harold Hotelling Papers, box 10, “AMS Reports and 
Correspondence (3).” 
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and the classification numbers of the books cor-
respond to Stanford University’s references.28 
We can infer that it dates from the first weeks 
Hotelling spent in Stanford.  

Each card corresponds to a separate volume. 
Hotelling requested Depreciation of Public Utili-
ty Properties and its Relation to Fair Value and 
Changes in the Level of Prices by Henry E. 
Riggs (1922), Theoretical Depreciation by 
George N. Webster (1920), and two editions of 
Saliers’s Depreciation: Principles and Applica-
tions (1915, 1922).29 This latter volume is parti-
cularly interesting for our inquiry. It consists of 
an extensive survey of legal and accounting de-
bates pertaining to depreciation theory and ap-
plications. Saliers reports cases and decisions by 
the American and British courts about deprecia-
tion rules, and he makes the synthesis of several 
controversies on the definition and implications 
of depreciation in various business activities. 
Interestingly, his book not only addresses gene-
ral problems associated with depreciation, but 
also sheds light on the particular situation of 
mineral assets.30 

As reported by Saliers, in the theory and ap-
plication of depreciation principles, the specifici-
ty of mines intervenes on several occasions. 
First, the lifetime of a piece of equipment is 
usually determined by “ordinary wear and tear 
and deterioration” and by “obsolescence and 
inadequacy” (Saliers 1922: 60). But “in the case 
of mines the plant and equipment should be writ-
ten down on the basis of useful life when their 
natural life is longer than the life of the mine” 
(60). In other words, the usual rules do not apply 
to the depreciation of mining equipment, because 
the finiteness of the deposits implies the duration 
of activity that does not depend on wear and tear 
																																																								
28 Today, one of the books still has the same call number in 
the online catalogue of Stanford Libraries (sear-
chworks.stanford.edu/). 
29 Hotelling mentions a 1923 edition for Saliers’s book, but 
such an edition does not exist. It is certainly the 1922 edi-
tion that he requested. 
30 Neither Riggs nor Webster mentions this subject. We 
investigated why Saliers put emphasis on mineral assets in 
his work on depreciation. One track is Saliers’s early inte-
rest in the mining sector, from his PhD dissertation on labor 
in coal mines (Saliers 1912). This work does not show clear 
reference to depreciation issues but demonstrates deep 
monographic knowledge of the history of mining industry, 
its structure and organization, with connected impact on the 
evolution of costs and wages. 

but on the size of the deposits. Second, mining 
companies invest in equipment and in deposits 
when they start their business. Their entire pro-
ductive property is thus composed of (1) various 
machines and physical assets, as well as (2) ex-
ploitable mining reserves. Saliers (1922: 37) 
states that discounting procedures are required in 
both cases, through “depreciation” for “the nan-
cial effects produced by deterioration, wear and 
tear, obsolescence, and inadequacy,” and 
through “depletion” for the “exhaustion of 
mines.” This means that the ore owned by a mi-
ning company needs to be valued as an asset 
among others for the conduction of the business 
activity. It needs special procedures (470), but it 
is part of the same issue of the valuation of the 
productive property.  

Throughout his essay, Saliers constantly 
shows that the case of mining companies de-
viates from general depreciation methods. This is 
reflected in the way he builds his chapters, star-
ting with the general theory, and referring to 
mines in the end as a special case with separate 
proposals (for instance, in chap. 8 with the last 
section “Application to Mining Companies”). 
The term “exhaustible asset” is not used by Sa-
liers. The closest occurrence is the term “exhaus-
tible capital” (282), which appears in the prin-
ciples recognized by the Treasury Department 
for specific methods of asset valuation. This 
confirms, in a sense, Hotelling’s opinion that 
investigating “exhaustible assets” was a “virgin 
field.”  

Obviously, Saliers does not elaborate a theory 
of exhaustible resources such as the one in Ho-
telling’s 1931 article—his book is primarily a 
handbook for accountants, observers, and practi-
tioners. Yet Saliers’s presentation of both sub-
jects within a single book is, at the very least, 
parallel to Hotelling’s double interest in these 
subjects. As far as we know, and in absence of 
evidence of other readings connected to the issue 
of exhaustible assets during this period, it seems 
likely that Hotelling started investigating the 
subject of “exhaustible assets” right after explo-
ring depreciation issues because of his reading of 
Saliers in the autumn of 1924. This sheds light 
on Hotelling’s entry point in exhaustible re-
sources: accounting and asset valuation, not con-
servation.  

With respect to the history of environmental 
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and natural resource economics, this provides a 
new thread to understand in retrospect how natu- 
ral items were progressively conceived as capital 
in the early twentieth century: in addition to the 
commonly highlighted relation between the 
theory of capital and the conservation movement 
(e.g., G. A. Smith 1982; Barbier 2010; Turnbull 
2017; Missemer 2018), we trace here a second, 
parallel line, between accounting and exhaustible 
assets. In other words, Hotelling did not concep-
tually connect capital with natural resources in 
the same manner, nor for the same reasons, as 
the other economists of his time. He followed a 
singular path, starting from accounting, not from 
the theory of production or from the theory of 
interest, to reach the economics of natural re-
sources.31 

 

4. From Accounting to Economics  
 

Hotelling’s 1925 “General Mathematical 
Theory of Depreciation” and 1931 “Economics 
of Exhaustible Resources” are considered semi-
nal contributions because they mark turning 
points in the history of both fields (Arrow 1987; 
Darnell 1990). Hotelling claimed to be innova-
tive. In the opening of his 1925 article, he stated, 
in contrast to “the older treatments of deprecia-
tion . . . it will be shown . . . that depreciation 
and theoretical selling price must be computed 
simultaneously from a pair of equations which 
are frequently a bit complicated” (340). And in 
his 1931 paper, he declared his differences with 
“the conservationist belief,” and unveiled the 
“intriguing problems” of “the economics of ex-
haustible assets” (138). In other words, he was 
aware that his approach to depreciation and natu-

																																																								
31 A third thread could partially link Hotelling’s work to 
that of Frank P. Ramsey (1928) on optimal saving. As noted 
by Erreygers (2009) and Duarte (2009), Hotelling (1931) 
was one of the first to cite Ramsey (1928). However, Hotel-
ling’s first notes on asset valuation (renewable or not) 
largely predate Ramsey’s early work on saving. Gaspard 
and Missemer (2019) report that after the publication of 
Ramsey’s article, Hotelling sought to meet Ramsey when 
he visited England in 1929, but no document confirms that 
the meeting took place. Hotelling may have added sections 
to his manuscript after reading Ramsey (e.g., sections de-
voted to estimating the social value of the mine). Yet Fran-
co, Gaspard, and Mueller (2019) note that Hotelling never 
adopted the subjectivist representation of welfare dear to 
Ramsey. 

ral resources was different from prior 
treatments.32 

The literature that Hotelling consulted in the 
early 1920s was the work of experts who were 
not, for the most part, economists. Notably, the 
four books mentioned in his bibliographical 
memo were not written by economists: Riggs 
was a professor of civil engineering at the Uni-
versity of Michigan and one of the authors of the 
aforementioned 1917 report; Webster was an 
essayist who apparently did not publish a lot; 
and Saliers was a professor of accounting at Yale 
University. All of them focused on technical and 
practical problems for the valuation of business 
assets, without clearly addressing economic 
theory. Taylor was not an economist either.  

By appropriating the questions of deprecia-
tion and exhaustible assets, Hotelling trans-
formed accounting and engineering issues in full 
economic questions.33 He introduced the prin-
ciple of rational action as a postulate allowing a 
determination of the value of the considered 
assets. He realized early (December 1924) that 
such a value, depending on future selling prices, 
also depends on the elasticity of demand and 
therefore on the competitive structure in which 
the asset is used. Finally, he explored not only 
generic rules applicable to generic assets but also 
tools applicable to specific cases.  

The existence of two research lines in the 
1931 article on exhaustible resources—one on 
generic stylized assets, the other on concrete 
natural resources—also suggests that Hotelling 
was undertaking a departure from the accounting 
literature. He first examined generic stylized 
assets whose sole characteristic is finiteness 
because this was the way the legal literature (and 
Saliers) defined the specificities of minerals for 
the theory of depreciation. He then progressively 
became more concerned with additional charac-
teristics, other than finiteness (e.g., geological 
constraints), when he realized that concrete natu-
																																																								
32 As already pointed out, his opinion was not fully accurate 
for natural resource analysis, in particular when we read 
Gray’s contributions from the 1910s (Crabbé 1983; Hart-
wick 1999; Brazee and Cloutier 2006; Missemer 2017), but 
it can be explained by his different entry point to the sub-
ject. 
33 In the New Palgrave, Arrow (1987) confirms this obser-
vation, by characterizing Hotelling’s 1925 article as “the 
reorientation of accounting towards more economically 
meaningful magnitudes.” 
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ral resources actually were not generic stylized 
assets for economic theory, insofar as sector 
dynamics, competitive effects, and market me-
chanisms also depend on these additional charac-
teristics (Ferreira da Cunha and Missemer 2020). 
An economic treatment of exhaustible resources 
required going beyond the definition of exhaus-
tible assets provided by the accounting literature.  

As mentioned above, even as a student Hotel-
ling had been aware of the economic and politi-
cal issues lying behind the fair pricing of public 
utilities. Riggs, Webster, and Saliers, although 
they were not economists, probably also played a 
role in Hotelling’s transfer of depreciation and 
exhaustible assets from accounting to econo-
mics. They may have indirectly helped him to 
settle the economic dimension of depreciation 
issues, when presenting technical questions re-
lated to hidden economic concerns. In particular, 
by depicting different conceptions of what de-
preciation can be, they showed that the distribu-
tion of charges among economic agents could 
vary. If depreciation is seen as a cost of produc-
tion—a classic understanding in accounting—
then the consumer will be charged for it, as is the 
case for all production costs. However, if it is 
conceived as capital erosion, it will be deducted 
from the profits of the investor or owner.  

Saliers’s 1922 essay contains several state-
ments about the definition of depreciation as a 
cost.34 In contrast, Riggs (1922: 17) argues that 
depreciation “in the sense of loss of value” will 
not happen if “proper provision [from] the 
owner” is done. Depreciation here, therefore, is 
not a matter of cost but of securing future in-
vestment. For public utilities, the owner of the 
plant is indirectly the taxpayer (18), who is also 
a consumer. Yet, we should add, as commonly 
advocated in public economics, this does not 
mean that charges are distributed in the same 
way to economic agents in both cases because 
not all taxpayers are necessarily consumers of 
the service provided by a particular public utili-
ty. Thus, the two conceptions mentioned above 
are not equivalent, even in the case of public 

																																																								
34 For instance: “depreciation . . . is a cost of production as 
truly as are fuel and labor” (6); “depreciation is cost as 
much as are labor, fuel, and raw materials” (8); “deprecia-
tion . . . is one of the costs of production” (71); “the cost of 
maintaining the investment may . . . be regarded as one of 
the elements entering into the cost of the output” (129). 

ownership. Different ways of sharing the burden 
of depreciation leads to different income and 
charge distributions among economic agents 
(consumers, producers, investors, taxpayers, 
etc.). This can have economic consequences in 
terms of taxation, purchasing power, and profi-
tability. Hotelling would have been motivated, 
therefore, to investigate depreciation because the 
subject covered important economic issues, not 
only accounting ones.  

Webster (1920: 1) also shows some indirect 
economic concerns in relation to depreciation, 
denouncing the “unsound and destructive theo-
ries of valuation,” which would deprive investors 
of a portion of their income. This is in line with 
the questions raised by Saliers (1922: 18) about a 
“fair income” and by Riggs (1922: 24) about a 
“fair return” for investors. Many debates on de-
preciation at the turn of the 1920s were about the 
determination of a compromise in accounting 
and taxation to balance profitability with the risk 
of abusive depreciation practices. Negotiations 
and political arbitrages were decisive in the con-
trol of business activities (Saliers 1922: 7, 206, 
210, 213, 315).  

Hotelling had an opportunity to give free rein 
to his “strong bias toward the social and econo-
mic applications of advanced mathematical 
method.”35 We know he had a conception of 
mathematical tools as enabling the clarification 
of reasoning and the identification of ideological 
biases or erroneous preconceptions influenced by 
beliefs or political positions; with mathematics, 
Hotelling sought to design sound public policies 
following explicit and transparent objectives 
(Gaspard and Missemer 2019; Gaspard and 
Mueller 2021). In an article on the heuristic role 
of mathematics in all disciplines, published in 
1936, he made explicit his conception of the 
interrelation between advanced mathematics, 
economic theory, and policy applications: “In 
economic theory we can prove a great many 
things of vital importance to public policy by 
means of higher mathematics” (Hotelling 1936: 
163), mentioning as examples problems related 
to exhaustible resources, taxation, competition, 
and laissez-faire.  

If we connect this conception with his early 

																																																								
35 Letter from Bell to West, February 21, 1921, Princeton 
University Archives, box 36, “Hotelling, Harold.” 
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research, we can argue that in 1924, confronted 
with contested, partly arbitrary depreciation 
principles for the determination of fairness, he 
would have seen a need to provide a more trans-
parent and robust theory of asset valuation, “by 
means of higher mathematics.” His words in his 
1925 article support this conjecture: he points 
out the “serious errors of reasoning” (340) and 
the usually “arbitrary” principles (340), and ex-
plains that “the depreciation methods hitherto 
used . . . are found in general to give false re-
sults” (353). By providing a full economic 
treatment of depreciation issues on the basis of 
advanced mathematics, Hotelling tried to avoid 
any “arbitrary” or biased discourse on the fair-
ness of depreciation and asset valuation.  

In summary, our investigation leads us to 
argue that Hotelling detected in his readings in 
accounting opportunities for building economic 
theories requiring advanced skills in mathema-
tics. He started with depreciation, having noticed 
along the way the specificity of exhaustible as-
sets. Interestingly, reading “The Economics of 
Exhaustible Resources” in light of the intertwi-
ning of these two subjects, and in light of Hotel-
ling’s preparatory work in accounting, provides a 
fresh look at his 1931 contribution and helps us 
understand the underlying architecture of his 
argument, especially in the end toward taxation.  

 

5. Taxation, a Surviving Entry Point in Ho-
telling’s Economics of Exhaustible Resources 
 

It took Hotelling several years to write “The 
Economics of Exhaustible Resources,” from 
November 1924 to the summer of 1930. The 
final version of the article results from the arran-
gement of paragraphs elaborated at different 
moments throughout the 1920s.36 The published 
version consists of fifteen sections exploring 
various competitive settings and several regula-
tion environments. These “variants” of the analy-
tical framework (Slade and Thille 2009: 241) 
make Hotelling’s analysis particularly rich for 
investigating the impact of different factors on 

																																																								
36 Hotelling’s 1931 article is a complex and puzzling object 
with different parts written at different dates and numerous 
intertwined issues. For a detailed examination of these 
drafts, see Gaspard and Missemer 2019; Ferreira da Cunha 
and Missemer 2020. 

resource extraction.  
Intriguingly, sections 13 and 14, which are 

about taxation and are respectively titled “Capi-
tal Value Taxes and Severance Taxes” and 
“Mine Income and Depletion,” appear at first to 
be fairly isolated in the paper, not really con-
nected to the overall main argument. From the 
outset, there are no traces of preliminary drafts 
for these sections in the archives, so we cannot 
exactly know when and how Hotelling elabo-
rated them. Nonetheless, our inquiry into Hotel-
ling’s early career reveals a pattern that helps 
shed light on this issue.  

In his 1922 essay, Saliers dedicates a large 
part of his analysis to the presentation of the 
evolution of the fiscal treatment of depreciation 
in the American and British traditions. In parti-
cular, he shows that contentious issues about 
depreciation in the case of mining companies 
started in the late nineteenth century (206) and 
developed until the end of the 1910s. The key 
question surrounded the debate over whether 
exhaustible assets had to be valued on the basis 
of the intrinsic value of the reserves, or the ac-
tual capital investments deployed on the equip-
ment required for extraction. If considering the 
intrinsic value, as production takes place, the 
deposit depletes, and therefore its value depre-
ciates by the exact same amount attained as 
gross revenues from the sale of resources. As 
income taxes are due on the net income of 
mines, if it is given by gross revenues minus 
depreciation, this fiscal treatment of depreciation 
would result in a net income of zero. That is, in 
this limit case, mine owners would be com- 
pletely exempt from income taxes, as one unit of 
income would exactly correspond to one unit of 
depreciation in the mine’s value.  

Saliers devotes a full chapter to this issue 
(1922: 269–304). As he explains (271), the dis-
pute between mining companies and the US 
Treasury about how to determine an accurate 
procedure for the depreciation of mines had 
reached the Supreme Court on more than one 
occasion. The value of the in situ resource ad-
mitted for depreciation was finally lower than 
the market value. In 1913, the revenue act arbi-
trarily defined the in situ value as 5 percent of 
the market value. From that moment on, the dis- 
cussion concerned how to establish this rate, say, 
relative to the different points in time that va-
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rious discoveries took place, or how future revi-
sions of a mine’s resource stock would reflect on 
depreciation allowances.  

Saliers is the only source, among all the cita-
tions and consultations mentioned in the ar-
chives, that displays a connection between the 
subjects of depreciation and exhaustible re-
sources, in particular with regard to fiscal mat-
ters. The wording used in sections 13 and 14 by 
Hotelling is clearly parallel to that used by Sa-
liers. In section 14, and only there, Hotelling 
uses the word “depletion” (1931: 170–71). As 
discussed before, Saliers’s 1922 essay makes a 
special case of “depletion” in the case of mineral 
assets (37). In section 14, Hotelling also ad-
dresses the historical debate pertaining to “in-
come taxes” (170), in light of his theory of de-
preciation and of his new theory of exhaustible 
assets. In line with Saliers’s extensive discussion 
about the “reasonable allowance for depletion” 
(214), Hotelling (1931: 170) confirms that “the 
problem of allowance for depletion has been a 
perplexing one.”  

Although Saliers 1922 is cited in “A General 
Mathematical Theory of Depreciation,” it is not 
mentioned in “The Economics of Exhaustible 
Resources.” Nonetheless, these parallels with 
Saliers were the only lead we could find in Ho-
telling’s archives for the origins of sections 13 
and 14. This suggests that Hotelling became 
aware of the debates involving an intertwined 
articulation between the subjects of depreciation 
and exhaustible assets by reading Saliers and that 
his sections 13 and 14 should not be considered 
as “variants” among others but as a surviving 
entry point coming from his early work on the 
topic.  

 

Conclusion 
 

Our exploration of Hotelling’s archival mate-
rials from the early 1920s helps to clarify some 
blind spots in the history of his intellectual tra-
jectory. Among his various contributions to 
economic theory, his work on depreciation 
(1925) and his research on exhaustible resources 
(1931) have a deeper connection than is usually 
established by the literature, which insists on 
formal similarities. There is a substantial connec-
tion between the two projects, through the com-

mon thread of asset valuation. This can be seen 
in the architecture of the 1931 article, which is 
the synthesis of two different research directions 
(generic assets versus concrete natural re-
sources). It can also be seen in Hotelling’s early 
drafts and notes, in which explicit association 
between depreciation and exhaustible resources 
is advocated.  

We conducted an in-depth inquiry into Hotel-
ling’s early career in order to investigate why he 
had this conception of the twin projects and how 
he came to work on them. By highlighting his 
background and following his first weeks at the 
Food Research Institute of Stanford University, 
we have been able to discover with whom he 
worked and from whom he could have drawn 
inspiration. Our examination of his early reading 
also provided us with information about the most 
likely source of his interest in exhaustible assets 
right after completing a paper on depreciation: 
Saliers (1922), who extensively discussed mine-
ral assets in the broader context of depreciation 
issues. Obviously, the mathematical part of Ho-
telling’s research was not influenced by these 
readings. Griffith C. Evans and Charles F. Roos 
may have had an impact on this matter—Evans 
is notably mentioned in Hotelling’s notes for the 
Chicago talk.37 Yet in substantive terms, it is 
rather in that preparatory work on depreciation 
that we find the most decisive insights.  

Interestingly, Hotelling’s early readings not 
only shaped his junction between depreciation 
and exhaustible resources, they also led him to 
identify economic questions beyond accounting 
issues. The share of the burden of depreciation 
between economic agents, the avoiding of arbi-
trary debates about fair allowances, the diffe-
rence between the accounting definition of mine-
rals (limited to finiteness), and the necessity for 
economic theory to address their full characteris-
tics (geological constraints) are various subjects 
in which Hotelling entered sooner or later after 
his preparatory readings.  

																																																								
37 We can notice, however, that Hotelling states in his ar-
ticle on depreciation (1925: 353n) that several of Evans’s 
papers appeared after he drafted his article. Similarly, Roos 
may have played a role in Hotelling’s formalisms at a later 
time. In any case, a full examination of Hotelling’s ambi-
tion with mathematics would require a separate article to 
characterize his originality and filiations in the history of 
mathematical economics (Weintraub 2002). 
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These findings shed new light on Hotelling’s 
intellectual trajectory, informing the origins of 
his projects and clarifying his entry point in the 
examination of natural resources.38 The reference 
to the conservation movement in the opening of 
the 1931 article is a late addition and did not 
play such a structuring role in his project. Other 
sentences, related to the fair sharing between 
producers and consumers of the added value 
from mines (138), the attribution of the proceeds 
of mines as income or as return of capital (139), 
or to taxation as a way to harmonize private inte-
rest and public good (139) are more relevant for 
those who try to identify Hotelling’s ambitions 
in his article.  

With respect to the history of environmental 
and natural resource economics, our findings 
also provide new threads to understand how 
natural items became associated with capital in 
the first decades of the twentieth century. The 
usually highlighted connection between the 
theory of capital and the conservation movement 
is not relevant for the Hotelling case. What was 
at stake for him was rather a link between the 
accounting literature, depreciation issues, and the 
specificities of exhaustible assets. This shows 
that the conceptual connection between nature 
and capital in the history of economic thought 
occurred through various channels and not a 
single one. It also gives an answer to the histo-
riographical (so far unsolved) question of why 
Hotelling did not cite, and does not appear to 
have been aware of, the previous works by Gray, 
Ely, and Ise on nonrenewable resources: he arri-
ved at the connection between capital (i.e., as-
sets) and nature (i.e., exhaustible resources) by 
another, singular path (i.e., accounting, not the 
theory of production or the theory of interest).  

Viewed from another angle, it means that Ho-
telling’s 1931 contribution should not be analy-
zed only from the point of view of the conserva-
tion of natural resources. In a way, it belongs to 
the history of asset valuation economics almost 
as much as, if not more than, the history of natu-
ral resource analysis. Given the importance of 
Hotelling’s arguments, in particular the Hotel-
																																																								
38 More generally, Hotelling’s work and readings on depre-
ciation reveal a precious key to understanding his theoreti-
cal trajectory and privileged research topics, from the repre-
sentation of competition (1929) to his work on welfare 
related to public utilities (1938). 

ling rule, in the subsequent evolution of the field 
of resource and environmental economics to 
date, this observation possibly opens the way for 
new interpretations and assessments of these 
arguments and the rule.  
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