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Abstract 

Natural resources are everywhere, and reported wellbeing is highly correlated with the quantity and  
quality of natural resource services like weather and biodiversity (Levinson 2012) (MacKerron and 
Mourato 2013) (Methorst et al. 2021). Yet, natural resources are currently classified as non-produced 
assets (UN Statistics Division sec. 10.14) and therefore natural resource services cannot be attributed to 
either labor inputs now or capital investment in the past.  For those used to thinking about consumption 
growth as a consequence of labor growth or capital input growth, this raises immediate concern that 
natural resource service growth is unmeasured within the standard gross domestic product (GDP) 
framework.  Furthermore, this concern has evolved into arguments that GDP growth is a fundamentally 
flawed measure of wellbeing growth (Stiglitz et al. 2009). 

This paper proposes a framework where natural resource service growth is explained by new 
exploration investment and therefore can be measured within the standard GDP framework.  For 
example, a ski resort might start out with a non-produced snowy mountain and then increase the 
mountain’s value by searching for the slopes with the best ski terrain.  To be clear, the framework 
proposed to track exploration is not completely original to this paper.  Rather, it is an adaptation of the 
framework that the official guidelines currently recommend for mineral exploration (UN Statistics 
Division sec. 10.106-108).  This paper calculates measured investment, GDP, asset growth, and industry 
productivity when all exploration is tracked consistently with mineral exploration.   

Tracking exploration raises measured investment in every year studied and raises real asset growth by 
0.14 percentage point per year between 1929 and 2019.  However, the increase to measured 
investment is larger in earlier periods and therefore real GDP growth falls by 0.01 percentage point per 
year between 1929 and 2019 and productivity growths falls by 0.04 percentage point per year in the for-
profit sector between 1948 and 2019.  Finally, the paper shows that revising measures of consumption 
to exclude exploration investment and include exploration capital services does not change 
consumption growth rates noticeably.  Taken together, these empirical results suggest that the current 
GDP statistics slightly overestimate wellbeing growth – but the overestimate is not large enough to be a 
fundamental flaw. 
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Introduction 

 

Historical property transactions provide clear evidence that exploration can increase property values 

dramatically.  For example, land in the explored Eastern states sold for approximately five times the 

price of similar quality unexplored Midwestern land in the 1800’s (Blodget 1806) (Lee 2017a and b) and 

land in explored Lapland sold for ten times the price as similar latitude land in unexplored Alaska 

(Watson 1878) (Golder 1920).  Despite the large market value associated with exploration, the current 

official guidelines for national accounts only discuss exploration investment which is focused on 

searching for minerals.  As an alternative treatment, this paper recalculates the United States national 

income and product accounts (NIPAs) when all exploration is tracked as an intangible capital investment.   

The paper does not change the treatment of non-produced natural resources.  The official guidelines for 

national accounting are clear that changes in the real value of non-produced natural resources are 

tracked as ‘other changes in the volume of assets’ and do not impact measured gross domestic product 

(GDP) directly (UN Statistics Division 2008, sec. 10.166-10.185, sec., 6.241, and 12.17 to 12.30).  

Similarly, the official guidelines for environmental-economic accounting are clear that natural resources 

should not be tracked as produced capital (UN Statistics Division 2012).  However, both sources 

explicitly permit tracking land improvement and other investment that is complementary to natural 

resources as produced capital assets (UN Statistics Division 2008, sec. 10.80 and 10.159) (UN Statistics 

Division 2012, sec. 4.63 and 4.85).  This paper calculates the value of unexplored natural resources by 

subtracting the value of exploration capital from the market price for natural resources,1 and then tracks 

that residual value using the recommended approach for non-produced assets. 

This paper collects empirical data on four categories of natural resource exploration: ground, 

atmosphere, biodiversity, and experience.  The paper then recalculates the NIPAs when those four 

exploration categories are tracked as investment.  By construction, classifying the expenditures related 

to exploration as investment raises measured investment and measured GDP for every year studied.  

Between 1929 and 2019, the average ratio of nominal exploration investment to nominal GDP is 1.2 

percentage point and real asset growth increases by 0.14 percentage point per year.  However, the 

                                                             
1 When it is not possible to separate the value of produced exploration from the value of non-produced natural 

resources, then national accountants are permitted to assign the entire asset to the component which accounts for the 

majority of its value (UN Statistics Division 2008, sec. 10.80).  This paper will not make such an assignment. 



increase to measured investment is larger in earlier years, and therefore real GDP growth falls by 0.01 

percentage point per year between 1929 and 2019 and productivity growth falls by 0.04 percentage 

point per year in the for-profit sector between 1948 and 2019.  The paper also presents consumption 

measures which exclude exploration investment and include exploration capital services. 

This paper will be divided into six sections.  Section 1 starts out by describing the four categories of natural 

resource exploration that are studied in this preliminary paper.  Section 2 describes the current treatment 

of those four exploration categories in the official guidelines for national accounting and the proposed 

treatment of those four exploration categories.  Section 3 presents data on nominal investment in natural 

resource exploration by category and sector in the United States.  Section 4 presents data on prices for 

natural resource exploration from 1929 onwards.  Section 5 estimates depreciation rates for each 

category of natural resource exploration, and then combines those depreciation rates with previous 

estimates of investment and prices to calculate capital stock, consumption of fixed capital (CFC), and net 

savings when natural resource exploration is capitalized.  Section 5 also recalculates nominal GDP and 

GDP quantities when natural resource exploration is capitalized.  Section 6 calculates the impact of 

capitalizing exploration on productivity in the for-profit sector and consumption expenditures in the non-

profit and government sectors. 

 

1. Description of Natural Resource Exploration Categories Studied 

 

Ground exploration is defined as trained observers or sophisticated instruments intentionally collecting 

detailed information on the surface or below the surface of a region.  For example, a ski resort may 

carefully survey hills to determine which slopes are suitable for beginners and which slopes are suitable 

for experts.  Or a farmer might hire a hydrologist to search for groundwater or a soil consultant to 

determine which the nutrients stored underneath a field.  To be clear, both groundwater and soil 

nutrients are components of non-produced natural resource and can’t be changed through exploration.  

But property owners can use a natural resource better when they know its characteristics. 

Atmosphere exploration is defined as trained observers or sophisticated instruments intentionally 

collecting information above the surface of a region.  This category includes not only weather which 



impacts people directly – but also atmospheric and extraterrestrial conditions which impact 

telecommunications (Luomala and Hakala 2015) or other important activities.  Of course, precise 

weather predictions are much too short-term to be considered capital.  Nevertheless, detailed historical 

information about normal weather patterns still adds significant value to entities planning weather 

sensitive activities.  For example, airports can schedule take-off and landing slots more efficiently if they 

can predict normal winds in each month.   

Biodiversity exploration is defined as trained observers or sophisticated instruments intentionally 

collecting information about wild plants and animals.2  This category includes not only endangered 

species which must be protected, but also common species that can be harvested for profit and even 

common pests that must be managed.  For example, a forester may use biodiversity exploration to plan 

a logging project which maximizes the yield of harvestable timber while minimizing disruption to 

endangered species and minimizing workers’ expose to disease-carrying insects.  The category 

‘biodiversity exploration’ does not include information collected on cultivated plants and animals 

because those biological resources are themselves considered produced capital and their care is tracked 

elsewhere in the accounts elsewhere in the accounts (United Nations Statistics Division 2008, sec. 10.88-

10.96) and are studied in another paper (Soloveichik 2021). 

Experience exploration is defined as untrained observers incidentally collecting readily apparent 

information during ordinary natural resource usage.  For example, farmers on the Great Plains in the 

1930s learned that their region’s topsoil was vulnerable and needed to be protected during major 

droughts (Kannan 2018).  Conversely, property owners on the Gulf Coast learned that their region was 

subject to hurricanes, and therefore they needed protection from storm surges and high winds (Craft 

2021).  Just like other natural resources, rare weather shocks like droughts or hurricanes are a 

component of non-produced natural resource and can’t be prevented by exploration.  But experienced 

property owners can mitigate the damage from rare weather shocks. 

 

 

                                                             
2 Information on the local human population is not included in this category.  Previous drafts of this paper 

considered tracking human exploration as a separate category.  Those results are available upon request but omitted 

from this current draft because they add complexity to the discussion. 



2. Current and Proposed Treatment of National Resource Exploration 

 

The official guidelines for national accounting explicitly recommend tracking mineral exploration () and 

implicitly recommend tracking construction-related exploration (UN Statistics Division sec. 10.106-108 

and sec. 10.51).  Consistent with those recommendations, BEA currently tracks mineral exploration as 

part of the structure type: ‘mining exploration, shafts, and wells’ and implicitly includes construction-

related exploration as the component ‘architectural, engineering, and miscellaneous costs’ in other 

structure types.3  As a result, natural resource exploration that is associated with building construction is 

implicitly included in measured structures investment.  Data splitting mining exploration and 

construction-related exploration from other structures investment could not be located.  Therefore, the 

paper will not present data on those two categories of exploration.   Instead, this paper will study other 

categories of exploration that are not currently tracked in measured investment. 

Private business expenditures on ground, atmosphere, biodiversity, or experience exploration do not 

impact measured GDP.  If those exploration services are produced for sale, then they are tracked as 

output of the producing company and intermediate input for the purchasing company.  Those two 

impacts precisely cancel out so that they have no net impact on GDP.  Own-account exploration by 

businesses is not tracked as either output or intermediate input, but workers devoted to natural 

resource exploration are tracked in the labor force statistics.  Finally, experience exploration may be 

particularly invisible because it rarely requires sufficiently focused time or energy to be classified as a 

primary occupation or a primary activity. 

Government and nonprofit expenditures on exploration do impact measured GDP.  For those sectors, 

BEA measures output based on costs rather than market revenue.  Expenditures on natural resource 

exploration are implicitly included in total costs and therefore implicitly included in measured output.  

This paper will later calculate that government expenditures accounted for 40 percent of total 

exploration investment in 2019.  Data tracking nonprofit expenditures on natural resource exploration 

could not be located, but nonprofit environmental groups are known to be large and influential 

(Straughan and Pollak 2008).  Based on preliminary industry splits and plausible non-profit shares for 

select industries, the paper calculates that nonprofit expenditures accounted for another 2 percent of 

                                                             
3BEA’s data on construction investment is based on the Census’s Value Put In Place Survey.  Details on that 

survey’s questions are available at https://www.census.gov/construction/c30/pdf/c700nonres.pdf. 

https://www.census.gov/construction/c30/pdf/c700nonres.pdf


total exploration investment in 2019.  Hence, a large portion of exploration investment is implicitly 

included in current GDP. 

Finally, the joint production accounts published by BEA and BLS track the stock of natural resource 

exploration to a limited degree.  Even though natural resources are not currently considered produced 

assets, they are still tracked as a capital input for the purpose of calculating total factor productivity 

(Garner et al. 2020).  BEA’s current measures of natural resources bundle exploration capital together 

with the non-produced natural resources.   Accordingly, the capital services associated with exploration 

capital are bundled together with the capital services associated with non-produced natural resources in 

the joint production accounts. 

 

Proposed treatment of natural resource exploration in the national economic statistics 

This paper tracks both purchased exploration and own-account as intangible capital investment.  For the 

private business sector, measured value added increases by the same amount as the newly tracked 

investment.  Owner-occupied housing is treated as a business in the NIPAs, and therefore both 

purchased exploration services and own-account exploration add to measured real estate sector value 

added (United Nations Statistics Division 2008, sec. 6.37).  For the nonprofit and government sector, 

measured value added increases by the same amount as the newly tracked CFC. 

The stock of natural resource exploration is calculated by starting with the previous year’s capital stock, 

adding net new investment, and then subtracting CFC.  This method is known as the perpetual inventory 

method and is a standard NIPA technique.  Nominal capital stock is then calculated by multiplying real 

capital stock for each exploration category with the price index for that category.  This calculated 

nominal capital stock is then subtracted from a measure of natural resources to calculate a residual 

value for non-produced natural resources.  This residual value has no direct impact on measured GDP, 

but it does impact a modified version of the joint production accounts.  

 



 
Table 1.  GDP Revision from Tracking Exploration by Private Businesses and Owner-Occupied Homes 

Current treatment in GDP Adjusted GDP Change to GDP 

1. Purchased exploration 

services are tracked as an 

tracked as intermediate inputs. 

2. Own-account exploration is 

not tracked.  

1. Purchases of exploration are tracked as 

purchased investment. 

2. Own-account exploration is tracked as 

own-account investment. 

Increases by newly 

tracked value of 

exploration. 

 

Table 2.  GDP Revision from Tracking Exploration by Governments and Non-Profits 

Current treatment in GDP Adjusted GDP Change to GDP 

Purchased and own-account 

exploration add to current 

consumption expenditures. 

1. Purchased and own-account are both 

tracked as investment.4 

 

2. CFC on the stock of exploration capital is 

tracked in current consumption 

expenditures. 

 

Increases by newly 

tracked CFC on 

exploration capital. 

 

3. Nominal Investment in Natural Resource Exploration  

 

The nominal investment numbers in this section are mostly calculated using a three-step approach.  

First, the paper uses expert judgment to identify occupations which perform natural resource 

exploration during at least some of their work time.  The primary source of occupation data is the 

Occupational Employment and Wage Statistics (OEWS), which is collected by the Bureau of Labor 

Statistics (BLS) by surveying employers on the occupations of their workforce.  Second, the paper uses 

                                                             
4The paper’s empirical measures of investment are calibrated to Economic Census data from specialty firms which 

sell exploration services.  This calibration implicitly includes an imputed return on capital in the cost of exploration 

and therefore may be larger than the sum of own-account costs (labor, intermediate inputs plus CFC on capital). 



task data from O*net and expert judgment to estimates the share of work time spent on natural 

resource exploration for each occupation identified.  This share is multiplied by the count of workers to 

calculate total hours spent on natural resource exploration.  Third, the paper multiplies labor hours by 

an estimate of nominal spending per hour to calculate total nominal investment in natural resource 

exploration.  Historical data on labor inputs is only available in the decennial Census year, so the paper 

interpolates investment between the Census years to calculate annual statistics.   The numbers in this 

preliminary paper are mostly presented for discussion purposes and may be revised later. 

 

Ground Exploration 

This paper identifies eight occupations which spend a portion of their time on ground exploration: 

‘cartographers and photogrammetrists,’ ‘surveyors’, ‘surveying and mapping technicians’, ‘soil and plant 

scientists’, ‘conservation scientists’, ‘environmental scientists and geoscientists’, ‘geographers’, and 

‘environmental science and geoscience technicians’  (OEWS codes 17-1021, 17-1022, 17-3031, 19-1013, 

19-1031, 19-2040, 19-3092, and 19-4040.  The first three occupations are focused on the portion of 

ground which is easily observable, and therefore have been major occupations for centuries.  In fact, 

George Washington and other founding fathers worked as surveyors (Jaquess 2018).  The last five 

occupations are focused on the lower portions of the ground that are less observable, and therefore 

these occupations are more recent.  As mentioned earlier, mineral exploration and construction-related 

exploration are currently tracked in the current NIPAs.  Hence, this paper will exclude individuals who 

are employed by the mining sector or the construction sector.   

The OEWS provides a count of employees in each of those eight occupations from 1997 until 2019.  

Before 1997, the paper uses decennial Census data on the number of employed surveyors, 

cartographers, mapping scientists and technicians to proxy for the number of workers in the first three 

occupations and uses decennial Census data on the number of environmental scientists to proxy for the 

number of workers in the last five occupations.  This preliminary paper assumes that all eight 

occupations spend 25 percent of their time on ground exploration.  Accordingly, the paper calculates 

that the specialist labor inputs tracked grew from 6 million hours in 1930 to 163 million hours in 2019. 

Hourly costs per specialist labor hour are calculated using the Economic Census.  Businesses in the 

scientific research and development service sector, North American Industry Classification System 



(NAICS) code 5417, earned 160 billion in 2017 from selling consulting services.  In the same year, the 

OEWS reports that NAICS 5417 employed 300,000 full-time workers who were comparable specialized 

as the eight occupations mentioned above.  Hence, the paper calculates an hourly cost of $544 per hour 

of specialist labor. To be clear, this $544 includes specialist wages, specialist non-cash benefits, support 

staff compensation, purchased supplies, and capital costs.  Historic hourly costs per specialist hour are 

calculated using similar Economic Census and OEWS data back to 19970 and using BEA time series on 

annual R&D investment and decennial Census data for earlier years.  The paper calculates that nominal 

investment in ground exploration grew from 9 million in 1930 to 102 billion in 2019. 

 

Atmosphere Exploration 

This paper identifies four occupations which spend a portion of their time on exploring conditions above 

ground: ‘astronomers’, ‘atmospheric and space scientists,’ ‘broadcast technicians’, ‘radio, cellular, and 

tower equipment installers and repairers’ (OES codes 19-2011, 19-2021, 27-4012, 49-2021).  The two 

occupations focus on sky and weather which is easily observable and have been around for millennia.  

But the second two occupations focus on atmospheric conditions which impact telecommunications, 

and therefore were not around until radio became a communications technology in the early 1900s 

(Sterling and Kittross 2001).  Furthermore, even the first two occupations often use sophisticated 

instruments to collect data that is not immediately apparent to people.  For example, carbon dioxide 

concentrations in the high atmosphere, which may predict future climate change, are best measured 

with satellites and other sophisticated instruments (Ray 2013).   

The OEWS provides a count of employees in each of those three occupations from 1997 until 2019.  

Before 1997, the paper uses decennial Census data on the number of employed astronomers and 

physicists to proxy for the number of ‘astronomers’, atmospheric scientists to proxy for the number of 

‘atmospheric and space scientists’, and uses decennial Census data on the number of radio operators to 

proxy for the number of ‘broadcast technicians’ and the number of ‘radio, cellular, and tower 

equipment installers and repairers’.  Before Census data is available, the paper uses a count for weather 

stations operating in the United States as a proxy (Rohde and Hausfather 2019). 

This preliminary paper assumes that atmospheric scientists spend half of their time on exploration, and 

the other two occupations spend five percent of their time on exploration.  Accordingly, the paper 



calculate that labor inputs into atmospheric exploration grew from 1 million specialist hours in 1930 to 

more than 16 million specialist hours in 2019.  These labor counts are then multiplied by the spending 

per specialist hour ratio developed earlier for ground exploration.  The paper calculate that total 

spending on atmospheric exploration grew from 16 million dollars in 1930 to 10 billion dollars in 2019. 

 

Biodiversity Exploration 

This paper identifies eight non-farm occupations which spend a portion of their time on biodiversity 

exploration: ‘foresters’, ‘zoologists and wildlife biologists’, ‘forest fire inspectors and prevention 

specialists’, ‘forest and conservation technicians’, ‘fish and game wardens’, ‘animal control workers’, 

‘pest control workers,’ ‘landscaping and groundskeeping workers’ (OES codes 19-1032, 19-1023, 19-

4071, 33-2022, 33-3031, 33-9011, 37-2021, 37-3011).  The first five occupations focus on exploring 

biodiversity in undeveloped areas and the second four occupations focus on exploring biodiversity in 

more developed areas.  For example, a forester might explore for dead trees in a national park and a 

landscaper might explore for the same dead trees in a suburban backyard. 

Those non-farm occupations are all tracked using data from the OEWS from 1997 to 2019.  Before 1997, 

the paper uses decennial Census data on the number of employed conservation scientists and foresters 

together with the number of employed forest and conservation workers to proxy for the number of 

‘foresters’, ‘forest fire inspectors and prevention specialists’, ‘forest and conservation technicians’ and 

‘fish and game wardens’; decennial Census data on the number of employed grounds maintenance 

workers is used to proxy for the number of ‘landscaping and groundskeeping workers’;  decennial 

Census data on the number of pest control worker is used to proxy for the number of animal control 

workers and pest control workers.  Finally, decennial Census data on the number of biological scientists 

is used to proxy for the number of zoologists.    

In addition, the paper assumes that farm workers spend a portion of their time on biodiversity 

exploration.  For example, a farmer might explore pastures for invasive weeds or dangerous insects that 

could harm cattle grazing there.  The OEWS only included the farm sector in one year, so it cannot be 

used to track farm workers.  Instead, the paper uses self-reported industry from the American 

Community Survey (ACS) and the decennial Census to proxy for the number of farm workers.  Before 



1850, the paper uses historical estimates of the U.S. workforce (Lebergott 1966) and aggregate 

population estimates to extrapolate farm workers back to the 1600s. 

Unlike ground exploration and atmosphere exploration, biodiversity exploration is done by many 

generalists in the course of their regular activities.  Hence, each worker devotes a much smaller share of 

their time to exploration and the cost per exploration hour is much lower.  This preliminary paper 

assumes that ‘foresters,’ ‘forest fire inspectors and prevention specialists,’ ‘fish and game wardens,’ 

‘animal control workers,’ ‘pest control workers’, and ‘zoologists and wildlife biologists’ all spend one 

quarter of their time on exploration.  The other four occupations are assumed to spend only 5 percent 

of their time on exploration.  In total, the paper calculates that labor inputs into biodiversity exploration 

shrank from 1.1 billion hours in 1930 to only 0.8 billion hours in 2019.  The paper then multiplies those 

labor input estimates by statistics on nominal farm output per worker hour taken from the United States 

Department of Agriculture (USDA).  The paper calculates that nominal investment in biodiversity 

exploration grew from 486 million dollars in 1930 to 44 billion dollars in 2019.   

 

Experience Exploration 

Experience exploration has few direct costs because it is done incidentally during ordinary natural 

resource usage.  However, early settlers in a region are much more vulnerable to rare shocks because 

they don’t yet know which disasters they should be protecting themselves against.  For now, this paper 

assumes that each year of usage yields the same real amount of information regardless of the number 

of usage intensity.  The paper uses historical research on the closing of the frontier (Turner 1921), 

historical acreage from the Census of Agriculture, historical data on the share of waterways navigated, 

the share of airways used for flight, the share of radio spectrum which is regulated by the Federal 

Communications Commission, and expert judgment to construct a quantity index for experience 

exploration of all types of natural resource usage from the 1600s until 2019.  This experience investment 

index was very high in the 1800s as Americans settled new land (Turner 1921) and then declined when 

the only new natural resources were airways used for flight and radio spectrum. 

The nominal value of experience exploration is benchmarked against the 1803 Louisiana purchase.  

Based on the price difference between unexplored land in the Midwest and explored land in the East, 

the paper calculate a nominal value of $490 million for exploration capital in that year.  For that year, 



the paper calculates a nominal capital value for the four earlier categories of only: $2 million for ground 

exploration, $0.1 million for atmosphere exploration, and $146 million for biodiversity exploration.  The 

residual nominal capital value of $342 million is assumed to be due to experience investment.  The 

paper then extrapolates that value forward using the price index which will be described in the next 

section, the quantity index of experience exploration investment, and the depreciation rate which will 

be described in section 4. 

Aggregate Investment by Category 

Figure 1. Revision to Measured Investment as a Share of Nominal GDP

 

Figure 1 shows that natural resource exploration is a large investment category.  Between 1929 and 

2019, total exploration investment has averaged 1.2 percent of nominal GDP.  This ratio is smaller than 

the 4 percent of revenue that oil and gas companies spend on mineral exploration (Johnson 2010) and 

the 3 percent of revenue that construction companies spend on inspections and architecture (Ford 

2020).5  But total GDP is much larger than just revenue for those two sectors, and so the four categories 

                                                             
5 Both sectors also spend perform some of the exploration shown in figure 1.  For example, biodiversity exploration 

is sometimes necessary to protect endangered species near oil wells or new housing developments. 



of natural resource exploration shown in figure 1 account for much more total investment than just 

mineral exploration and construction-related exploration. 

 

Investment by sector: data sources and estimates 

To review national accounting rules, the impact of tracking exploration investment depends on the 

sector studied.  Measured value-added for the government and non-profit sectors both increase by the 

upward revision to measured CFC in those sectors.  In contrast, measured value-added of for-profit 

businesses increases by the upward revision to measured investment.  Therefore, the GDP impact of 

tracking exploration investment cannot be calculated without an estimate of the share of investment 

done by governments and non-profits.   

The paper starts out by estimating government investment.  In particular, the paper assumes that one 

quarter of ground exploration, three quarters of atmosphere exploration, and half of biodiversity 

exploration is done by the government sector for usage by society as a whole.  The remaining 

exploration is split between 61 separate private industries and the government sector in proportion to 

BEA’s published estimates of nominal investment for each industry and each year. 

The paper then splits private industry investment between for-profit businesses and non-profits.  In 

particular, the preliminary paper assumes that non-profits account for all exploration in the education, 

social assistance, performing arts, and other service sectors.  The paper also assumes that non-profits 

account for only a small share of exploration done by the other 57 private business sectors.  Future 

drafts of this paper will refine these assumptions to calculate the non-profit share more precisely. 



Figure 2. Government and Non-Profit Share of Exploration Investment by Category

 

Figure 2 shows that the government and non-profit sector have accounted for a larger and reasonably 

stable share of each exploration category over time.  The only major exception is during World War 2, 

when government output temporarily spiked.  BEA’s currently published statistics show that the average 

government share of investment between 1929 and 2019 was 26 percent.  This paper calculates that the 

average government share of investment between 1929 and 2019 rises to 29 percent when exploration 

investment is included.  Section 6 of this paper will model how that increase in government investment 

may impact wellbeing for Americans. 

 

4. Prices for Exploration Investment and GDP 

 

Ideally, the exploration price indexes would track quality-adjusted prices for useful information on 

natural resource characteristics.  To be clear, quality-adjusted prices are not equivalent to cost per bit of 

data.  Modern electronic instruments are capable of collecting and storing massive datasets at minimal 

cost – but those massive datasets do not necessarily provide useful information to a property owner.  



For example, a climatologist who is trying to forecast future weather might derive enormous value from 

a single tree ring series which gives average annual climate in a specific location over a century.  But the 

same 100 observations would be nearly useless if they were taken seconds apart.  Specific time series 

tracking quality-adjusted prices for useful information were not located. 

This preliminary paper uses existing price indexes to proxy for exploration costs.  For ground 

exploration, the paper uses BLS’s producer price index (PPI) for “oil and gas field support services”. 6  For 

atmosphere exploration, the paper uses BEA’s investment price index for electro-medical equipment.7  

For biodiversity exploration, the paper uses BLS’s PPI for “lumber and wood.”8  For ordinary experience, 

the paper uses BEA’s current estimates of compensation for full-time equivalent workers.9  

Figure 3. Exploration Prices, Relative to Overall GDP Prices (1948 Base) 

 

Figure 3 shows exploration prices have grown at very different prices over time.  These differences in 

price growth are due to the difference in how natural resource information is collected and processed 

                                                             
6 Series PCU2131122131120 is available back to 1986.  Before then, BEA’s consumer price index for professional 

and other services (Table 2.4.4, line 104) is used as a proxy.  
7 Taken from Table 5.4.4U, line 7.  Before 1959, BEA’s investment price index for medical equipment (Table 5.4.4, 

line 6) is used. 
8 Series WPU08.  This series is available back to 1926, so there is no need to extrapolate further. 
9 This series is calculated from the labor compensation statistics in NIPA table 1.10 and the full-time equivalent 

worker counts in tables 6.5A-D. 



across categories.  Over the past century, wages for both ordinary people and trained explorers have 

been growing much faster than the quality-adjusted price for sophisticated instruments.  Atmospheric 

exploration requires the most instruments and experience exploration requires the least.  Therefore, the 

real prices for those two exploration categories have followed very different trends over time. 

 

5. Depreciation Rates, Capital Stock, and Consumption of Fixed Capital (CFC) 

 

This paper assumes that exploration depreciates at only 1 percent per year.  This low depreciation rate 

is consistent with the stable usage of natural resources over time.  In particular, the Natural Resource 

Inventory shows that less than one percent of land plots change their usage each year (United States 

Department of Agriculture 2020).  In addition, historical auction data shows that only a small percentage 

of radio spectra change their usage each year (FCC 2021).  Hence, it seems likely that exploration capital 

does not become obsolete because of changing tastes or market conditions.  Exploration capital is also 

an intangible asset and therefore does not suffer from physical wear like structures or equipment.  

Furthermore, the market competition which creates depreciation for research and development assets 

(Li and Hall 2018) is not relevant to exploration capital because the natural resource owners have a 

monopoly on the usage of their property. 

Because natural resource exploration is such a long-lived category, the measured capital stock in 1929 

depends on investment during the 1800s and even earlier.  The paper uses occupation data from 1850, 

1860, 1870, 1880, and 1900 decennial Censuses to estimate natural resource exploration for the 1850 to 

1900 time period.  Before 1850, the paper uses historical estimates of the U.S. economy (Lebergott 

1966), aggregate population estimates from the decennial Census, and expert judgment to impute real 

investment by industry back to the 1600s.  Measured capital stock in 1929 and forward is then 

calculated using BEA’s standard perpetual inventory method. 



Figure 4. Exploration Capital Relative As a Share of Natural Resource Value

 

Figure 4 shows that exploration capital accounts for a large but shrinking share of natural resource 

values.  The declining value share during the 1970s is mostly due to a rapid increase in real land prices 

that have been well explored in previous research (Mankiw and Weil 1989).  Hence, a slowly growing 

stock of exploration capital accounts for a smaller share of nominal asset value.  To remind readers, the 

current market value for natural resources covers both non-produced natural resources and produced 

exploration capital.  Explicitly tracking the exploration capital shown above does not change measured 

nominal wealth – but rather reframes a portion of measured natural resource value as due to produced 

exploration capital rather than due to non-produced natural resources. 

Consumption of fixed capital (CFC) for each category follow the capital stock trends shown in figure 4.  

To review national accounting rules, measured output for the for-profit business sector increases by the 

value of newly tracked investment and measured output for the government and non-profit sectors 

increases by the value of newly tracked CFC.  Nominal GDP is calculated using the investment numbers 

shown in figure 1, the sector splits shown in figure 3 and calculated CFC.  Real GDP quantities are 

calculated by combining the prices in figure 3 with revisions to nominal GDP. 



Figure 5. Revision to Nominal GDP as a Share of Nominal GDP

 

 

Figure 6. Revision to GDP Quantity Index, as a Share of Current GDP Quantity Index (1948 Base) 

 

 



Figures 6 shows that real GDP growth falls modestly when exploration is tracked as investment.  The 

largest contributor to this small decline is a fall in experience investment as new usage of natural 

resources diminished.  But biodiversity exploration also fell due to a decline in the farm workforce.  

These results suggest that the current GDP statistics slightly overestimate sustainable growth rates.   

The paper also calculates the impact of tracking exploration capital on net savings and real estate 

quantities.  It may be true that neither net savings nor real estate quantities have any direct effect on 

measured GDP.  However, both statistics impact the measures of productivity and wellbeing that will be 

discussed in the next section. 

Figure 7. Revision to Measured Savings as a Share of Nominal GDP 

 

Figure 7 shows that tracking natural resource exploration raises net savings for every year studied.  This 

upward revision to measured savings has important implications for measured natural resource prices.  

The joint BEA-BLS production accounts currently assume that land, air, water, radio spectra, and other 

natural resources are non-produced assets (United Nations Statistics Division 2008, sec. 10.166–10.185, 

10.184, and 10.185).  As a result, changes to their nominal values are attributed to price growth.  Figure 



7 shows that some of the nominal value increase observed should instead be attributed to growth in the 

real stock of exploration capital bundled with those assets.10    

Figure 8. Revision to Asset Quantities, as a Share of Current Quantity Index (1948 Base)

 

Figure 8 show that tracking exploration capital increases measured asset growth noticeably.  This 

growth increase can be decomposed into two separate factors.  First, real exploration capital grew by 1 

percentage point per year faster than the produced assets tracked in BEA’s current capital statistics.  

Second, tracking exploration capital lowers the value share for non-produced natural resources from an 

average of 35 percent to an average of 24 percent.  As a result, the zero growth associated with non-

produced natural resource has less impact on aggregate asset quantity growth.  Taken together, these 

two factors result in an annual increase to real asset growth of 0.18 percentage points per year from 

1929 to 1974 and 0.11 percentage point per year between 1974 and 2019.   

 

                                                             
10 The price impact of adjusting for real growth in exploration capital is partially canceled out by the fact that 

unexplored natural resources have lower market value than explored natural resources – so the same absolute 

nominal value increase raises relative prices by more.  The paper calculates the net impact of both adjustments. 



6. Productivity  in the For-Profit Sector and Real Consumption Measures 

 

Total Factor Productivity (TFP) 

The productivity calculations in this paper are based on existing industry-level production accounts that 

track labor, capital services, and intermediate inputs by industry (Garner et al. 2020).  Tracking 

exploration capital has three direct effects on measured industry productivity.  First, capitalizing own-

account exploration increases measured industry output by the new tracked exploration investment.  

Second, capitalizing purchased exploration reduces measured intermediate inputs by the purchased 

services which were previously misclassified as intermediate. Finally, capitalizing exploration assets 

increases measured capital services by the newly tracked services associated with exploration and 

revises the measured capital services associated with non-produced natural resources due to its new 

nominal value and its new price trends.  This paper calculates the joint effect of these three changes on 

measured TFP for each industry separately and then combines to get aggregate TFP. 

This paper uses the nominal investment numbers shown in figure 1, government investment shares 

show in figure 2, the price indexes shown in figure 3, and expert judgment to calculate revised measures 

of nominal and real output for 57 mostly for-profit business industries tracked in the joint BEA-BLS 

production accounts.  Similarly, the paper uses the capital stock numbers shown in figure 4, estimates of 

nominal natural resource values from previous research (Soloveichik 2021), and expert judgment to 

calculate revised measures of nominal and real inputs by industry.  The paper, the paper excludes four 

industries which have a significant amount of exploration by non-profits from its analysis: education, 

social assistance, performing arts, and other services.  These four industries are excluded because 

existing measures of production generally calculate non-profit output based on inputs (Fernald et al. 

2017), and therefore the measured impact of tracking exploration capital depends on the assumed 

relationship between inputs and output.   



Figure 9. Revision to For-Profit Business TFP Index, as a Share of Original For-Profit Business TFP Index 

 

Figure 9 shows that measured TFP growth falls by 0.04 percentage point per year when exploration 

capital is tracked.  To remind readers, TFP growth can be decomposed into the difference between real 

output growth and real input growth. On the one hand, Figure 6 showed that real output grows a little 

slower when exploration investment is tracked.  On the other hand, figure 8 showed that real assets 

grows noticeably faster when exploration capital is tracked.  Hence, the combined effect of both of 

these revisions is an economically important drop in productivity growth.  However, readers should note 

that the TFP revisions shown in figure 8 are quite sensitive to the exact formulas used to impute natural 

resource services and the nominal rate of return assumed. 

 

Real Consumption Measures 

This paper constructs a revised measured of consumption which excludes exploration investment that is 

current included in measured consumption and includes exploration capital services and natural 

resource services for assets owned by governments and non-profits.  This broader measure of 

consumption can be seen as a wellbeing measure.  However, this wellbeing measure does not attempt 

to study factors like age, job quality, relationship quality, and other factors which are known to influence 

self-reported happiness (Helliwell et al. 2018).  As a result, the absolute wellbeing index calculated in 



this paper is not meaningful and will not be reported.  Instead, the discussion in this section focuses on 

wellbeing growth over time. 

The first, and least speculative wellbeing measure uses BEA’s standard formula.  That standard formula 

assumes that the services from government and non-profit assets are precisely equal to CFC for those 

assets.  Over the past century, investment in exploration capital has consistently exceeded exploration 

CFC.  As a result, the level of current government and non-profit expenditures fall for every year studied.  

Readers should also none that non-produced natural resources do not depreciate and therefore the 

standard formula does not impute any services for them.  

Figure 10. Revision Consumption Quantity Index as a Share of Current Consumption Quantity Index  

 

Figure 10 shows that tracking exploration investment has only a very modest impact on measured 

wellbeing growth after 1948.  In other words, simply tracking the natural resource services associated 

with exploration capital is not enough to change economic history much.  However, the next graph will 

show that this null result is very sensitive to the formula used to impute natural resource services. 

The second, and somewhat speculative measure, recalculates government and nonprofit natural 

resource services using a slight modification of BEA’s standard formula.  In particular, the modified 

formula assumes that both produced exploration capital and non-produced natural resource assets earn 



a nominal rate of return for their owners.  Therefore, imputed consumption equals the consumption 

shown in Figure 10 plus a return on government and nonprofit assets.   

Figure 11. Revision to Cumulative Consumption Growth Rates for Different Possible Rates of Return 

 

Figure 11 shows that impact of tracking natural resource services can either raise or lower measured 

wellbeing growth.  The reason for the ambiguous result in figure 11 is very simple.  Over the past 

century, prices for exploration capital and non-produced natural resources have both grown faster than 

inflation.  When rates of return are low, then the expected price growth for those assets is more than 

enough to compensate for holding them.  Accordingly, the modified formula predicts a negative net 

service flow from exploration capital and non-produced natural resources.  In other words, a low rate of 

return means that the current expenditures devoted to protecting an asset are larger than the gross 

services yielded by that asset.  Conversely, high rates of return mean that non-produced natural 

resources assets have a positive service flow.    

The environmental literature typically assumes a low discount rate (Goulder and Williams 2012), and so 

they would probably select a nominal rate of return around 4 percent.11  At that assumed nominal rate 

of return, revised consumption quantities grew at almost exactly the same rate as current consumption 

quantities.  On the other hand, a high discount rate produces revised consumption quantities which 

                                                             
11 Calculated by adding the 3 percent average PCE price growth with the Stern report’s 1 percent discount rate. 



grow noticeably faster than current consumption quantities.  Policy-makers may need to grapple with 

the fact that low discount rates are associated with fewer current benefits from natural resources. 

The third, and most speculative measure, considers the possibility that output quality may be sensitive 

to changes in exploration capital.  To be clear, for-profit investment in exploration investment has no 

direct effect on consumption is output prices and quantities are perfectly measured.  However, it is 

possible that some quality attributes may be unobserved and therefore quality-adjusted consumer 

prices are mismeasured.  For example, imagine a farmer who analyzes soil to determine the perfect spot 

for growing strawberries.  If the farmer picks a spot that yields the largest strawberries, then the 

quantity increase from his exploration are likely captured in measured industry output.  But if the farmer 

picks a spot which yields that most flavorful strawberries, then the quality increase from his exploration 

may not be captured in measured industry output.  However, this preliminary paper has not yet been 

able to calculate the aggregate impact of exploration capital on output quality. 

Conclusion 

Natural resources are everywhere, and reported wellbeing is highly correlated with the quantity and  

quality of natural resource services like weather and biodiversity (Levinson 2012) (MacKerron and 

Mourato 2013) (Methorst et al. 2021). Yet, natural resources are currently classified as non-produced 

assets (UN Statistics Division sec. 10.14) and therefore natural resource services cannot be attributed to 

either labor inputs now or capital investment in the past.  For those used to thinking about consumption 

growth as a consequence of labor growth or capital input growth, this raises immediate concern that 

natural resource service growth is unmeasured within the standard gross domestic product (GDP) 

framework.  Furthermore, this concern has evolved into arguments that GDP growth is a fundamentally 

flawed measure of wellbeing growth (Stiglitz et al. 2009). 

This paper shows that natural resource service growth can be explained by new exploration investment 

and therefore can be measured within the standard GDP framework.  For example, a ski resort might 

start out with the non-produced asset of a snowy mountain and then increase the mountain’s value by 

searching for the slopes with the best terrain for skiing.  The paper then calculates the empirical impact 

of tracking exploration capital and finds that the level of GDP rises by more in the early period and 

therefore real GDP growth falls slightly.  The paper also finds that tracking exploration has minimal 

impact on consumption growth.   Taken together, these empirical results suggest that the current GDP 



statistics may slightly overestimate wellbeing growth – but the overestimate is not large enough to be 

fundamental a fundamental flow. 
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