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Introduction

The economic benefits derived from

having a national or jurisdictional

geological survey have been well

documented. The first national geo-

logical survey, the British Geological

Survey (BGS), was founded in 1835.

It was established to address issues

associated with the Industrial Revolu-

tion, a time of intense economic de-

velopment that required considerable

earth resources for industrial applica-

tions. Information on access to miner-

als and development of mines, includ-

ing aggregate for construction as well

as coal, was essential. Geological

knowledge also was needed for road

and canal building, groundwater re-

source identification, and discovering

sources of fertilizer and minerals that

supported food production for a

growing population. A significant cat-

alyst for geological investigations by

the BGS was William Smith’s 1815

geological map of England and Wales

(Allen, 2003). The map’s cross-sec-

tional depictions of the subsurface,

and portrayal of strata ages, differ-

ences in lithology, and structural rela-

tionships permitted, for the first time,

predictions of rock occurrences in re-

gions of sparse data. This 1815 foun-

dational map even included various

uses for the geological data. It is in-

deed the blueprint for modern map-

ping, as well as 3D geological

modelling.

Geological Survey Organizations

(GSOs) worldwide were founded on

the premise of economic develop-

ment, whether it be development of

mineral and energy resources within

jurisdictional boundaries or discover-

ing resources elsewhere and bringing

them home. When the environmental

movement took hold in the 1960s

(Frye, 1967), GSOs not only main-

tained their more traditional role of

basic mapping in support of the min-

eral resource industry and research-

driven science, they also became ac-

tive in identifying groundwater re-

sources and promoting environmental

protection. Both of these new GSO

emphases also made significant con-

tributions to the economic well-being

and prosperity of their jurisdictions.

They gave rise to the need for more

detailed information of the subsurface

because resource-based land-use deci-

sion making for groundwater and

mineral resource extraction would be

based on this geological information.

The premise was (and still remains)

on avoiding or mitigating risks asso-

ciated with geological hazards or the

increased potential for contamination,

and identifying areas of emerging re-

source potential or development op-

portunities. This approach, minimizes

future and potentially costly liabilities

resulting from poor land-use and de-

velopment decisions.

Benefit-Cost
Investigations

The use and benefits of geological in-

formation has been touted for over

200 years, mainly occurring through

anecdotal examples. However, begin-

ning in the 1980s, some governments

demanded a more comprehensive un-

derstanding regarding how tax-payer

money was being spent and began to

require agencies to justify their vari-

ous activities. Included in these de-

mands was a quantifiable justification

for conducting geological mapping.

The earliest economic assessment of

geological mapping was done by

Cressman and Noger (1981), follow-

ing the completion of the only juris-

diction within the U.S. to be com-

pletely mapped (from 1960-1978) at

1:24,000-scale (Kentucky, Anderson,

1998). Kentucky’s statewide mapping

program cost ~$21M USD (1978 dol-

lars) to complete traditional 2D map-

ping. The Cressman and Noger

(1981) report acknowledged that it

could not place a value on the eco-

nomic benefit of the mapping en-

deavor, but there were some examples

of benefits provided, including newly

discovered minerals and the wide use

of the mapping for coal, oil, gas,

fluorspar, limestone, and clay explo-

ration, money saved by government

and industry, as well as use of maps

for infrastructure evaluations, prepar-

ing environmental impact statements,

engineering geology, and land-use
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planning. The most striking example

was the discovery of a 70-80 M ton

coal field worth >$1B USD (using

1974 prices), which represents ap-

proximately $48 USD of developed

resource for every $1 spent character-

izing the geology.

To address the need for more detailed

geological information of the subsur-

face, modern stack-unit mapping was

developed in the 1970s, and then as

computer technology advanced, 3D

geological modelling emerged in the

1980s. In response to an Illinois State

Senate resolution to justify the costs

of geological mapping, the Illinois

State Geological Survey performed a

benefit-cost study of detailed 1:24K-

scale surficial and subsurface geologi-

cal mapping (Bhagwat and Berg,

1991). It was based on 3D stack-unit

mapping completed for two counties

in 1984 (Berg et al., 1984), where

costs were well documented because

the counties funded the project. Ques-

tionnaires were sent to 80 map users

(55 interviewed) regarding money

saved because of the mapping. The

economic premise was that geologic

maps were a “public good”, and the

benefit-cost assessment was based on

future cost avoidance because of

knowledge gained through mapping.

The only quantifiable benefit chosen

was the cost of cleaning up contami-

nated sites. Benefits were also re-

duced 50%, 75%, and 90% to account

for environmental regulation effi-

ciency. In other words, if regulations

worked 100%, then mapping was not

needed. At the 50% benefit reduction,

the benefit-cost ratio was 24:1 to 55:1

and at the 75% reduction, it was 12:1

to 27:1. Even when benefits were re-

duced a full 90%, the benefit-cost ra-

tio was still quite high at 5:1 to 10:1

(Bhagwat and Berg, 1991). The entire

assessment was very conservative,

and justified 3D mapping as a viable

and cost-savings activity.

In addition to the benefit-cost assess-

ment provided above, Bhagwat also

authored three other economic assess-

ments of geological mapping in Ken-

tucky, Spain, and Nevada. In all three

cases, the products evaluated were

traditional 2D mapping, but similar to

the study above, included extensive

questionnaires regarding map use.

1) With the Cressman and Noger

(1981) report in hand for Ken-

tucky, and admission that the au-

thors could not place a value on

the entire Kentucky mapping pro-

gram, the Kentucky Geological

Survey contracted the Illinois State

Geological Survey to conduct a

very rigorous economic assess-

ment for that state (Bhagwat and

Ipe, 2000, and also discussed by

Cobb, 2002). Using very conser-

vative assumptions, there was a re-

turn of $25-39 USD for each dol-

lar invested in mapping.

Completed originally to boost

Kentucky’s mineral and energy in-

dustries, at a cost of >$130M USD

(year 2017 dollars), the maps were

primarily used for water supply/

protection issues, development,

environmental problems, and miti-

gation of natural hazards.

2) Garcia-Cortés et al. (2005) re-

ported on Bhagwat’s analysis of

Spain’s national mapping program.

Here, there was a benefit-cost ratio

of 18:1. An investment in mapping

of €122M ($148.5 USD) produced

savings for the Spanish economy

of €2,200M ($2,677M USD).

3) In 2014, Bhagwat assessed the

value of mapping for the State of

Nevada, where the total value for

maps sold over a 40-month period

was $13M USD. The question-

naires revealed that map user’s

“willingness to pay” (a measurable

economic benefit factor) was

$6,414 USD (on average) for each

map. With an estimated cost of

$90K USD to produce each map,

the benefit-cost ratio was 147:1.

This was the highest benefit-cost

of Bhagwat’s assessments, primar-

ily due to the high value of Ne-

vada’s mineral resources (e.g.,

gold and silver vs. Kentucky’s

coal).

The U.S. Geological Survey also was

one of the first agencies to generate a

benefit-cost assessment of geological

mapping. The first evaluations

(Bernknopf et al., 1988a and b) as-

sessed the benefits due to losses that

could be avoided from landslides.

They used a combination of topogra-

phy and the regional distribution of

surficial materials with differing shear

strengths to estimate the probability

for landslides. The analysis resulted

in a yearly net benefit of $1.7M USD,

based on benefits (derived from costs

that were avoided) of $3.1M USD

and a cost of $1.4M USD. They also

determined that an optimum mitiga-

tion rule could be adopted and by se-

lectively applying building codes to

susceptible parcels, significant in-

creases in net benefits were possible.

Bernknopf et al. (1993 and 1997) also

performed a very sophisticated evalu-

ation on the use of new and improved

geologic maps, with more detail, ver-

sus existing or older geologic maps

(scale 1:100,000) for siting a waste

disposal facility and a transportation

corridor in Loudoun County, Virginia

(outside of Washington DC). The ex-

pected net benefit of using the im-

proved geologic map was $2.44M to

$4.66M USD minus $1.16M USD for

the cost of map production, yielding a

net benefit between ~$1.28M and

$3.50M USD. The benefit-cost was

estimated at 2-4:1. Finally, Halsing et

al. (2004) studied the economic bene-

fits of the USGS’ National Map and

estimated net benefits at $1-3B USD.

The National Map is aimed at im-

proving and delivering topographic

information and is a collaboration be-

tween the USGS and other Federal,

State, and local partners. Accurate

topographic data is an integral com-

ponent essential for accurate produc-

tion of geological maps and models.

The British Geological Survey (BGS)

has been particularly active in assess-

ing the value of geological informa-

tion. A 2003 report (Roger Tym &

Associates) sums up their reason for

conducting these analyses as it justi-
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fies the BGS’ contributions toward

providing a public good that adds

wealth to the UK economy. The first

economic evaluation at the BGS was

by Ellison and Calow (1996) who as-

sessed geological mapping informa-

tion in the UK based on a value that

was calculated using reasonable and

conservative assumptions regarding

the frequency of geological map us-

age and the output value attributable

to having initial access to the infor-

mation. The calculations showed a

national baseline value of geological

mapping of £18.9M ($29.4M USD)

per year, while the BGS budget allo-

cation for geological mapping was

about £3.2M ($5M USD). This 6:1

benefit-cost ratio is similar to the re-

sults identified in Canada (Boulton,

1999), discussed later. BGS also iden-

tified 17 sectors (aggregates, other in-

dustrial minerals, waste management,

environmental assessment, land and

regional planning, coastal manage-

ment, water resource management,

water protection management, site in-

vestigations, road building, insurance

and risk, research, education, offshore

hydrocarbons, onshore hydrocarbons,

health, and coal) for which cost sav-

ings were estimated by virtue of hav-

ing geological mapping, and they pre-

sented two case-study benefit-cost

examples.

Reedman et al. (1996) reported on a

Kenyan study of mapping that was

conducted between 1980 and 1987.

This new mapping allowed for tar-

geted drilling that reduced exploration

costs more than £200,000

($307,000 USD). Reedman (2000)

and Reedman et al. (2002) further re-

ported on an evaluation of the value

of geological information in other less

developed countries. Assessments

were based on several large projects

funded by the UK that produced geo-

logical and other information used for

mineral exploration in South Amer-

ica, Africa, and Asia, and also the use

of geological information for ground-

water exploration in Nigeria. As an

example of mining benefits, new geo-

logical information in Peru, with an

initial mapping investment of

<$500K USD, resulted in the discov-

ery of almost 1.75M ounces of gold

valued at >$500M USD. A Nigeria

project produced a groundwater po-

tential map that improved drilling

success rates in several geological

settings, and the net benefit was

>£750,000 ($1.15M USD).

The BGS’ Project Iceberg (BGS

2017) had a long-term goal to evalu-

ate the subsurface and its infrastruc-

ture which is extensive, with

>1.5M km of underground services,

and >4M km of data lines in the UK.

When coupled with a lack of coordi-

nation and collaboration, the Depart-

ment of Transport estimated that

street works costs were ~£4.3B

($5.6B USD) per year, and the Trea-

sury estimated in 2013 that greater

cross-infrastructure collaboration

could save ~£3B ($3.9B USD). Pro-

ject Iceberg’s goal was to provide op-

timum information for understanding

and developing underground space

and ensuring that subsurface geologi-

cal information was an essential com-

ponent of all assessments.

The UK’s Natural Environment Re-

search Council (2006) and later

Hughes (2011) reported on significant

benefits of environmental research,

particularly ground stability hazards,

including (1) better informed deci-

sions and avoidance/mitigation of po-

tential hazards, (2) accurate and rele-

vant information for users, (3) cost

savings by investing in areas lacking

risks, and (4) avoidance of stress and

disruption often associated with prop-

erty loss. They estimated that the cost

of subsidence hazards to insurance

companies in the UK was about

£300M ($551M USD) per year, and

reported that BGS ground stability

data potentially could save this indus-

try between £70M and £270M

($129M and $496M USD) between

the years 2006 and 2030.

Most recently, the BGS (2019) reports

specifically on the value of 3D

geomodels:

• A Chalk aquifer model below Lon-

don supported risk-based decision

making on new groundwater with-

drawal licenses, and that resulted

in additional withdrawals valued

between £27M and £40M ($36M

and 53M USD).

• A geological model in the Oxford

region helped to forecast ground-

water flooding, and risk mitigation

valued at >£46M ($45M USD),

was the estimated cost for the af-

fected properties.

• A geological model in northern

Scotland helped to alleviate a

groundwater flooding risk to prop-

erties, and that exercise was val-

ued at £112M to £130M ($148 to

$172M USD).

A more global perspective on the

value of geoscience information by

the BGS was provided by Ovadia

(2007), who evaluated various pub-

lished materials to help establish a

monetary value for collecting, manag-

ing, and disseminating geoscience in-

formation. He estimated that the value

of geological information to national

economies, in general, had a benefit-

cost of 100-1000:1.

An extensive review of more than 30

reports and peer-reviewed articles on

the value of geological information

and closely related earth observations

(e.g., Landsat) was conducted by

Häggquist and Söderholm (2015). In

addition to those discussed above, are

citations specifically reporting the

tangible economic benefits derived

from geological mapping and/or ac-

cess to geoinformation. Cocking

(1992) reported that geological map-

ping in Kenya had a net benefit of

>£0.2M ($0.4M USD) per year. It

was not based on the value of avoided

costs, but rather on the costs of col-

lecting data from private enterprise as

opposed to a public entity. Scott et al.

(2002) reported that regional geologi-

cal mapping for mineral exploration

in Australia had a net benefit of
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$4.3M AUD ($2.4M USD) mainly by

enhancing exploration potential by

improving the areas of focused activ-

ity and thereby reducing risk during

early stages of mineral exploration.

Castelein et al. (2010) evaluated the

economic worth of geo-information in

The Netherlands at €1.4B

($1.7B USD), based on economic in-

dicators of turnover of funds from

geoinformation products and services,

employment, various activities (mea-

suring, collecting, and storing geo-

graphic data), and the market.

Kleinhenz & Associates in 2011 per-

formed an economic impact analysis

of products and services of the Ohio

Geological Survey. A user’s survey

reported that respondents saved

$65,800 for each project in the State

of Ohio using the Survey’s products.

There were an estimated 8,740 pro-

jects, based on products requested,

and therefore a minimum benefit of

$575M (USD) per year of the Sur-

vey’s information. The economic

analysis measured the costs that were

avoided as a result of having the

Survey’s information.

In 2015, the annual report of the Geo-

logical Survey of Norway stated that

interviews from 2,200 map users con-

cluded that every euro invested in

geological maps produced a return of

18 euros ($20 USD). New industries,

with developing needs for infrastruc-

ture, required a logical approach to

manage natural resources (including

minerals and water) and the environ-

ment, and subsurface information was

critical to decision making. In addi-

tion, a seafloor mapping project that

encompassed 12 municipalities had a

savings for industry and ocean

managers of >30M NOK

(>$3.8M USD).

In 2017, Robertson provided a com-

prehensive assessment of Canada’s

National Geoscience Mapping Pro-

gram conducted between the years of

1991 and 2002. In that report, he

cited several published and unpub-

lished studies on the value of geologi-

cal mapping for supporting the min-

eral extraction industry. Boulton

(1999) reported that every govern-

ment dollar invested to improve

geoscience knowledge had a 5:1 re-

turn of investment, but years later had

the potential for a 125:1 return of in-

vestment. Bernknopf et al. (2007), fo-

cused on mapping of the Flin Flon

Belt of Manitoba and Saskatchewan

and the South Baffin Island area of

Nunavut. For the Baffin Island re-

gion, the cost of the mapping was

$1.86M CAD ($1.7M USD), and the

economic value of exploration that re-

sulted from new and more detailed

mapping was calculated between

$2.28M CAD ($2.05M USD) to

$15.21M CAD ($13.68M USD), and

therefore a benefit-cost of 8:1, with

added value resulting from more op-

tions and less risk by industry for ex-

ploration, as well as increased effi-

ciency and mineral productivity.

Finally, Maurice et al. (2009), evalu-

ated mineral industry investments in

regions where major mapping had

been conducted in northern Québec.

Exploration expenditures in one re-

gion increased almost continually

from essentially $0 in 1988, at the

outset of the mapping program, to

over $25M CAD ($23.7M USD) by

2007. Over a 10-year period at an-

other region, industry expenditures

increased from less than $20M CAD

($14.5M USD) in 1997 to nearly

$100M CAD ($94.8M USD).

Lastly, the Alberta Geological Survey

during the last few years has had a ro-

bust and aggressive program of mod-

elling their provincial jurisdiction,

and is in the process of completing an

economic impact assessment of their

3D modelling program to identify the

costs saved and opportunities that

have been realized to highlight the

value proposition. Some early obser-

vations show that due to the availabil-

ity of open-source software and open-

access data, the costs associated with

constructing 3D models are decreas-

ing. At the same time, increases in

computational power have provided

the opportunity to integrate larger and

more diverse datasets to enhance

stakeholder communications and the

decision-making value of these mod-

els. As a result, single 3D geological

models are being used to support de-

cision making with respect to a wider

range of applications, thus increasing

the value for the cost and effort

expended to generate 3D geological

models.

Summary / Conclusions

Estimates of benefit-cost for geologi-

cal mapping and modelling have been

conducted since the early 1980s, with

a steady increase in the number of

GSOs developing these benefit-cost

analyses to highlight the value and

economic impact of their work. While

methodologies for conducting the var-

ious economic assessments have

many similarities, they do differ in

scope and detail, but all show a very

positive valuation for the mapping

and modelling activity ranging from

benefit-cost ratios of 4:1 to >100:1.

The large range in benefit-cost ratios

reflects the scope of the respective

studies, and critically the timeframe

over which the benefits were esti-

mated to accrue, as well as the value

of the commodities that were as-

sessed. All of them were conducted to

report on the need for geological in-

formation to address resource, hazard,

and other societal issues, and with the

specific intent to justify the activity.

They importantly (1) market the value

of geological mapping/modelling to

customers, stakeholders, and potential

funders, and (2) promote the need for

mapping/ modelling within jurisdic-

tions that lack a dedicated mapping/

modelling program, thereby providing

a significant economic incentive for

conducting the activity.
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