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Application of Resource Assessment Data to Policy 
Decisions in Developing Countries 

CHARLES J. JOHNSON and JAMES P. DORIAN 
East-West Centre, Resource Systems Institute, 1777 East-West Road, Honolulu,

Hawaii, 96848 

Information about a nation's mineral resource potential is imprtant in regional and national development planning.
Unfortunately, it is usually not possible to dtermine the optimum levels of investment intmineral resource assessment 

activities in a developing country. In addition, there isa tendency for governments to initiate expensive resource assessment 
projects without an understanding of the types of decision that may he influenced by the assessment data. This paper
examines ten major policy issues wher decisions can he substantially influenced by resource assessment information. 
Governments can expect to increase their benefits from investment in resource assessment activities by linking resource 

assessments to specified policy decisions. 

1fdtaacum N. 

A mineral resource assessment is a systematic 
attempt to evaluate discovered and undiscovered 
minerals of economic interest. An assessment may 
include a sequence of ctivities begnning with a 
broad-based regiona appraisal of mineral 
resources and concluding with a detailed assess-ment of one or more stubregions of greatest 

economic potential. Alternatively, a resourceassessment can he undertaken at a particular stage 

of data accumulation. A first approximation of the 
mineralresourcesina region can be made prior to 
an.y,' detailed geologic surveys by any one of anumber of assessment techniques including 

extrapolation or analogy. Geologic maps. alongwith geochemical, geophysical, and drill core data, 
and if available, detailed feasibility studies of 
specific deposits. may be used to conduct a moic 

detailed resource assessment. Expenditures for 

resource assessment activities varywidely, ranging 
from thousands to millions of US dollars, and 
taking a few days to several years to complete. In 
general, resource assessments use existing data in 
order to produce estimates cethe quantity of 
economic minerals that may exist in an area. Foruse in economic planning. this information is 

generally converted into financial units.The purpose of this paper is not to compare 

various resource assessment methodologies, but 
rather to illustrate how resource assessment 
estimates may be used in development planning.The focus throughou: the paper is on governments 

of developing countries that are considering howmuch of their own financial resources to spend on 
mineral resource assessments. To introduce the 
rcadzr to the major resource assessment 
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treatment plant which vas designed with a plementarv monitoring programme to ensure that
capacityof3mgd his never been operated at morethan 3 (1 of the pumping wells do not bccomni, affectedcapaC' because Ofi a grossover-estimation of the vield of the supply source.
The over-punliping and associated saitwater
Coil linllatiOn of aqu ifers h s occurred in several
islands. 

With collsidCrablh. financial and technical
difficultic, %wicrutilit s manageient in i small 
island etIvironlieit is inevitably a trustratiitg
experience. coillpOtldC LIh political inlerference
and inadeJUnate rcniUtnrationi levels. A shortage oftrained stiff is thereh re corn m( n espcialty incritical irleas such as andfinancial technical 
man,.g MCilnt. 


Instiniutioil deficiencics 
 ollw, represent i maj or
obstale to the finiancinl of capital expansiotlandsysteni itlipro ntlClxorks whichi arc so urgently
required in IllalV Of the smnall ( aribbCat islands,
Devclopmnlc, t banks ild other aid agcncies are
undcrstandabh rcluctant to provide financial
assistance to ilistitutiots \hich poorlyarc 

managedt an)Ld 
 \hich ;iret unable to gcncrateadeqtlc rc, cnues to evencover essential
operation and maintenance costs. Most of theutilities no\ find thilsClves in a vicious Circle. As
the quality of setvicc deterioraies. public resis-
tanec to tariff increases bccom c moire voc;ferous
and reinftoiccs the already strong political
resistanc,: to thcse increases. In order to Obtain

financial assistancC 
 to expand and improve the 

(jUality of sCricC, ho\wve, 
 increased tariffs arerequired ito ensure financial viabililv. 


An inCffct'ix ;ipproach to the conscrs ation of

wNater reslur.cs is comlmon 
 throtlghout the islands
and is closelx related to existing institutional
deficiencies. This problem is further aggr.vated hy 

tile absence of clearly 
defined oljectives in thearea of \watcr resources nianagctient and Cletn prchcnsixc legal codes for the control of lund and 
water resturces. With a general shortage of
trained staff ;.nd limited finiarice-s. the functions
which arc crucial to the conservation Of water 
resources are completely neglected. Vresh\ater 
lenses are therefore developed without a cil-

bysaltw\ater contamination. There are no effectivecatchment controls and as a resu!t, several
catchment areas have become subject to flash
floods, high sedi nli nt loads in strcams, and aserious "eduction in dry cathcr flows caused by "' 
indiscriminate deforestation. The effects ofagricultural land use on waic r quality have not vet 
been systematically evaluated. 

(I.ONS

This paper has attempted to review 
 the status,
problems ;,rid strategies of water resources
development in the smaller islands of the
('aribbean. Lca use, of mn1all size watL i resources
in these islands are scx crelV limitCd in qiantity and 
occur under unfavourablc hylrollFOica and
topographical cooditions. Ill sonit islap, !s. surface 
streams are i;on-existent and groundwx\ater is of 
poor quality. A heavy reliaice is therefore placed
oti roof catchnltlits and desalinalion.
 

Although sonic progress has bcecn 
 made in the
islands in the development of wkater resources, ane\ and Itore efficient approach is now needed. 
especially in the mainali'ent of w;i'er supply
agencies and tile conserviti ni ot watcr FCsources.

The need for i more cfficiCnt t proach isdemonstrated by ihe citeriorating situationi in the 
water suppl\ scctor which manifests it ,elf in poor
planning and svs tim Opcratiriu pri,..,.dures. adiminishing resource base and sCvoere diiUIs in

obtaining financial assistance for capital cxpansion

and svstcll improx et.'lle \%rks.
 

The lAmllediath requirement is for /t c: 
 mllanaged
and financially viablc insti.uttions opCraiting within 
i rational legal framcx ttrk. 

In the islands with scrious supply dficIencies.
there is sonic scope for the use of rainwater
catchment schemes utilizi nue low cosi malerials
both for the catchnient andithe storage facility. Ilthis reg:ird, there is a nced for the disseiniratioii of
information oi available materials which can
minimize the cost of such schemes. 

http:reslur.cs
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methodologies, brief descriptions are given below 
(Vogely, 1983): 

(1) Analogy Models. There are two common 

assessment techniques in this category, geographic 
and geologic. Analogy by geography uses the 
known and evaluated resources of awell-explored. 
high-developed region, and applies tile volume of 

area to lesserdiscovered resources per unit 
developed areas. This .-nay provide an indication of 
the total amount of minerals to be discovered, 
Geologic analogy uses mineral production and 
reserve anounts from a highly de,'eloped area to 
predict the quantity of mineral resources to be 
found in geol)gicall. similar, underdeveloped 
regions. Resource as,,essments by analogy are 
relativcl simple to do; however. they are 

reserves and crustal abundance, and on the 

difficult,: of estimating crustal abundance. 

(4) [)eposit Modelling. Deposit modelling uses 

the concept of geologic analogy. The estimation of 
the mineral rsources of a specific geologic 
environment isbased on an analysis ol the physical 
chat acteristics of kno inand evaluated deposits in 
geologically similar environments. Variations used 
in oil and gas asscssmcnts, include field SiZe 
distributions and discover, rates (Clark, 1983). 
The accuracy of Jeposit modcl estimates is a 

function of the q uality of the geologic data used 
and the understanding oi tie relationship between 
ore deposits and specific geologic en,1runmcnls. 

(5) Subjective ProbabilityAnalvsis. This isone 

dependent 
eeoic informatiomaind. for ro anah~gic,, . 

(2) Time Rte Aralv..is. This method is !ascd 

upon tile statistical obscrvation that a mincrl 
deposit gencrall., exhibits al normal bell-shaped 
curve for produt ion over the life of tile deposit. If 
the bell-shaped function isassumed for production 
of a mineral from all deposits taken together. the 
time series of production compared to the time 
series of discoveries will indicate when production 
becomes greater than discoveries. Using the form 

of the bell-shaped curve, the inflection point of the 
production curve can be predicted. which in turn 
enables a calculation Of lifetime production. This 
method was popular in the early 1 )7t)s for oil and 
gas estimates; however, it is not widely used today 

because of difficulties in gcneralizing from specific 
known dcposits to all deposits. 

(3) ('ru.stal Ahundanc .W1odle.s. This group of 

assessment tcchniqutes relates tre crustal abun-
dance of a imineral (the average am aunt of the 
mineral contained in at cubic mile of the earth's 
crust) to the ultimatc rcovery of that mineral. By 
using the curnmulativ e production plus reserves for a 
mineral, and its crustal abundance as the basis, a 
relationship bc'tweri tonnages of reserves and 
crustal abundance can be determined. 'The 

potential reserves for aly mineral in a large cubic 
volume oi the carth's crust can be estimated by 
using this relationship. Problcmns arise when using 
this type Of assessment technique due to the 
uncertainty iif thc rclationship between potential 

daCSOtrcecon mmlodit (ad ttaSSof tilt. most c llllio lly used 
on sufficient inineral 

.2sslneu[ 

ethodologics. primarily because it is ritpid andicntlogic
relativelh inexpensive. In this type of analysis. the 
resource evalnation is b'iscd or a cornination of 
itcrativc collective opinions, such as in the l)elphi 
mcthtod. Resource estimates made directly by one 
or More geologists familiar with mineral occurr
ences in specific geologic regions are used to assess 
the potential o economic resources by region. The 
rcliabilit\v such estimates is a function of the 
available mineral resource information, and the 
knoledge and experience of the geologists. 

Each one of th,'se resource assessment 
raethodologies has strengths and caknesses. 
Selection of a particulam assessment technique 
should depend on: (1) the type and form of 
information required by the assessment user (2) 

availability of geoogical geochenical. gephysi
cal. and drill core data; (3) financial and technical 

resources for the assessment; and (4) time 
available to complete the resource assessmenlt. 

Although most geologists and poliy makers 
agree that knowlecdgc aboui a nation's mineral 

resource potential is desirabl,, there is no general 
consensus on the ty.pc. aun1t111, and timing of 

resource asscssients to, hcst meet the needs of 
decision makers. ('onsilcrable attention has been 
given to the important areas of deveoping and 

comparing various techniques for mineral 
resource assessments; hoiwever, failure to consider 
adequately the specific needs of government 
policy makers may have resulted in ntany mineral 

aresource assessment studies in search of 

http:Aralv..is
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prob!em. It is tempting to justify resource 
assessments on the basis of their contribution tothe general knowledge about nation's minerala 

resources without consideraion of the policy Y 3
 

.--------------------------decisions that will result from the assessment. This .',Y,
roblem is of paricular concern in developincountries where severe constraints on financial
 
resources and technical 
 expertise are common.
 
Mineral resource assessnen, conducted for thc

primary purpose of increasing knowledge can

result in a misallocation both of governments

funds and of technical expertise.
 

One way resource assessments can play a more

effective role in the development planning and
 
decision-making process of developing countries is

by linking most assessment activities to specific

policy questions. One problem that might result by

doing this is that -!go%emnient may fail to obtain
an appreciatieoi of the total resource potential of COSTS X,the nation. Therefore, some resource asscss lentactivities ,hould focus or: evaluatinV national Fig. . The optimum level of expcnditurc for gatheringresource potential. resource information is A'NW, where the present value ofir regional or national mineral resource a unit of cost (expenditure) equals the present value ofaassessments based geologic aon maps. scale of unit of expected benefits (revenues). At points beyond1:250 00() to 1:500 000 is required. Tie value of A'21'2. such as X' 3 , a unit of cost generate less than anationwide geologic maps larger than 1:2.() 000 in 
 unit of benefits, and additional expenditures for
scale is questionable in cases where ou vebopinggnng. ' , information gathering arebefore X2 not justified. For pointsg ' 2. such as X11'I,pin f P "r a unit of cost produces morethan a unit of benefits. therefore additional expendituresLarge scale maps of 1:10 000 to 1: 125i 000 skoud are justified.

be restricted to localized areas of high mineril:;
 
potential.
 

potential. However, a partial solution to the12. OPTIMUM INVESTMENT IN MIN- question of how much governments should investERAL RESOURCE ASSESSMENTS in resource assessments activities becan determined.An important concern of development planners 
If the types of policy decisions that aregoing to be based on resource assessment data are(generally economists and rarely geologists) is specified beforehand. geoscientists can focus theirdeciding hov much mey to spend oti gathering information collecting activities on increasing the
mineral resource information. Most geologists will 
 amount of policy-relevant data. If thisargue that is done.more information is better: however. estimates can be made of the minimum costfrom an econonmic perspective, more information obtaining 

of 
the resource information needed tois not always better. E!'xpenditurcs for obtaining make those decisions. This can anresource information should continue as long as an 

lead to 
acceptable practical solution to the question ofadditional unit of expenditure is expected to how much a government should invest ingenerate one or more units of benefits (benefits information gathering and analysis.and costs discounted to the present). This is 

illustrated in Fig 1.In practice, it is not possible calculateto the POLICY ISSUES INFLUENCEDoptimum levels of investment in gathering 
3 BY 

RESOURCE ASSESSMENTinformation about DATAa nation's mineral resource The following ten policy issues are important to 

,,1
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many governments of developing countries, 
Decisions concerning these issues can be directly 
affected by resoucre assessment data. 

3.1 RANKIN( R-SOIURCF- PROJECTS 

Mineral resource projects can be ranked according 
to a number of reri i s .pote nial. of critria including size,
potential, expected employment, possible linkages 
to other sectirs of the economy, and/or prestige" 

value. In the majority of cases mineral resource 
projects are examined with respect to their 
re'enuc-t1c1ncatinC potential. From govern-poeniagoer-Canadiana 

ment's perspective, the major objective is usually 


-to maximize the ne! present value of its revenues.
Determining the revenue-generating potential of a 
project is almlost alx avs difficult since the products 
of many resourc, assessments are in physical. 
rather than financial, units, and the estimates arc 
subject to error. 

Even with limited information, project rankings 
can often be made by usitg geol igic and economic 
expertise to cstnit,c the likely physical and 
financial characteristics of projects. Tie analysts 
may only have accc:,s to limited geochemical 
and/or geophysical data and a oasic knowledge of 
mineral deposit sizes to guide their atialysis. In 
other cases, detailed data may be available 
allowing greater accurac inestimates, 

.7,.2Rt:(~it..I t)t\VL..it'\tFNt Pt.ANN INGi 

In planning foi the long-ter development of 
s e reconotmic

it is Important
know the economic potential of these areas. 
Factors such as existing infrastructure, labor
availability', and the agricuhture, titmber, and water 
resources of a region are usually included in 

long-term infrastructure needs, such as roads, 
railroads, water supplies, plower plants, schools, 
and hospitals. At only modest additional costs, it 
may be possible to adjust the location and size of 
infrastructure facilities in order to increase 
exploration opportunities and pramote minerals 
development in a region. This. in turn. increases 
the probability of greater economic developmentin a region. An example of using mineral resource 
assessment data in regional planning, was the 

areas 
erin se eralsi eial oi the 

bordering several possible raihoad routes inthe
Northwest: the assessment demons
trad thwthe aesmnt demourc
 
trate d that the estimated] mineral resource 
potential along one rou c was substantially larger 
than the alternatives (Harris a al.. Ili 
3.W RSIF OFVT(',\i()NE!CRItONA\ t:(ONOMI(C 
" 

ANI) P( ITIt AI t'V.)V R 

A significant problem faced h\ some governments 
is the division of power betw cen the central and 
regional governments. In cases where one region 
of a country produces a large share of the nation's 
economic wxealth. this region tends to have a 
disproportionately large share of political power 
that can be divisive to national development and 
unity. Through diversification of economic 
activities, the dominance of any one region may be 
reduced. This is particularly relevant in smaller 
developitig countries whee a misallocation of 
government funds could re- Llt in an imbalance of 

development among regions.Increased attention to mineral resource assess-
I 

ment activitic; in the less-developed regions

increases thelbeisordandvlpd.I thatprobability undiscoveredresources W,,;b discovered and developed. In 

1 b esubsuent 
regional development plans: howver, rarely istapaNsystematic attention givens to evaluatin, and 

including estimates of the undiscovered mlineral 
resource p itertial of a recion. The mineralsrougairvilpeaoverrim.ntheThensubse 
information that may be included is;usual;v 
restricted to an inventorv of the known mineral 
deposits. Yet, in poorly-explored regions, the 
undiscovered mineral resources may be lareeor 
than the discovered resources. By ig.n)ring this 
potential in long-term planning. there is increased 
risk that poor development choices will be m;'de. 
Estimates of the mineral resource potential ol ..n 
area can be incorporated ito the planning of 

devclopment (if a major copper--gold deposit on 
3ougainville island appears to havesubstantially

increased the political and economic powcr of theprovincial 
BOUgainVillC prOwinCial government. The subse
duent discovery ard d 
progress) of the major Ok TCdi gold-copper 
deposit in the Western province is likely tosintiificartd reducel theuce of theaougierimayuc
significantlyreducetheinnuenccofthe Bougain
ville trovince. 

3.4 A INVESPNtENT 

One commonly used argument in support of 

5.>
 



73 NRF VOL. 8 NO. I. 1984 RESOURCE ASSESSMENT AND DEVELOPING COUNTRIES 

government expenditures on mineral resource 
assessments is that the resulting data will stimulate 
private sector interest in minerals exploration in 
the nation. The argument is valid; however, the 
problem is how to determine the necessary level of 
government expenditure to pro-. ide tile appropri-
ate catalyst for inci:ased investment. Private 
companies want as in uch information supplied bv 
government as possible: although illtmaIn cases 
additional information vill ha',e litt!e additional 
influence on overall investment in mineral 
exploration in a countrv. The investment process 
in exploration is complex, and is a function not 
onl, of the availabilitN of resource assessment data 
and geological information. but also of mineral 
Comrr1ditv,prices. terms for investmnt, 
and percei ed p ,litie Istabilit\ In a country. 

As a gccraliat itn,privtc conmpanics desire 
basic geochemical. gc()ph\sical.- tlLmdrill core 
data. along with geologic imlAp. iiad are less 
inretrsted ii broad-based recgional assessnent 
estimates. Uomlllpallies ,usuatll,, want to do th,.ir own 

geological interpretation from basic data. High 
levels of private sector investment tak," place itn determine the taxation option that would meet the 

some developing countries thait have been 
orgeologically napped at a 1:250 (1lt) scale 

smaller (for example. Papua New Guinea). 
Therefore. itdts not appea that more detailed 
maps are necessary for accelerated private sector 
minerals exploration, 

3.5 ESI A1 I SII IGN( II I t'1. RM S R)R 

t)IVLLPMNI ( )I MNI RAI. tI)l*Pf)SIIS 

can either ncgotiate the terms for 
Governments 
individual mineral developments or can estaiish 
terms in general legislation. In both cases. 
kno%%ledgL of tie physical and economic charac-
teristics of specific resources places government in 
a better position to establish terms Itr maximizing 
its expected benefits. The objective of some 
governmetts of dt.Vloping nations is to establish 

the fiscal terms at a level such that the investor can 

achieve an expccted internal rate of return from 

the project close to this target rate of return. 

An example of this type of decision was 

encountered during negotiatiots for a petroleum 
agreement in am east African country in the late 
1970s. A major petrolLurn conipaniv ssan'ed tn 

substantial explorationundertake a petroleum 

programme. but the company required that the 
government agree to terms for both exploration 
arid development of any commercial discoveries 
prior to exploratinn. At the time., government 
officials did not know what fiscal terms would be in 
the best interest of the nation. A comparison of 

agreements from several Other countries provided 
some guidance, but left g)ce inincut officials 

uncertain as to which agreement amone-,the wide 
range of existing petroleum agreennts A.,asmost 

appropriate for their counwrv. 
To solve the problem, a F-uropean petroleu m 

contisulting firm wv hired to develop a petroleutii 
field financial rmodel to include tile tnst probable 
range of commercial petroleum field sizes ( 3t1. I00
 

and 300million barrels of recoverable petrolh.cu). 
The rtnge in petroleum field sizes and assumptions 
incosts waere estimated by the c nsul~ants through 
the use -f available geophysical data and through 
comparisons with geologically similar environ
meni,, in other countries. Mineral resource 
economists evaluated several taxation regwies for 

the three petroleum field sizes in order to 

petroleum comrpany's minimum profit criteria and 

technical :oncerns. while providing the maximum 
expected net present value of revenuCs to 

government. This financial model provided a 
foundation for proceeding with negotiatotis. The 

assess;ment provided an analytically def. ndable 
basis for the fiscal terms that wefe agreed upon in 

negotiations, am essential factor in obtaining 

for the agreecabinet-level government support 

laent. 

3.6 R-SIRVAT()N 01: LANt) ARt-AS 

For a number of reasons. govcrllmnet(lS Imla\ wish to 

restrict exploration and mining acti,,itics til 

selected areas of land. These ma\ include the 

establishment of a state or nat ional park. the 
construction of a major infrastructunrc project such 

as a darn. or the building of a mnilmtar, base. A 

'urther reason for limiting minerals development 
may be to allow,time for a goverrintcn to evaluate 

more thoroughly the options for descloptnct of 

selected land areas. 
In each of these cases, an assessment of the 

minerals p,tcntial of the land is necessar\ where 

there is a reasonable probability tha: the area may 

http:petrolh.cu
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contain economic mineral resources. A compari-
son of the assessments of the various resources in a 
region will provide a more consistent basis for
determing the most valuable use for the land area. 

3.7 	 DESKINIO R1 I PRO( T.SSIN PLANTS 
It) HI: FIt :RI NI-DS 

Prior to the disco, erv of domestic sources () rim 
materials. a dcelopi L1Coultr\ ma construc 
refining or prccssing plants (sicel mills. cOppcr, 
bauxite, and petroleum icfineries. etc ) dependent 
on imported minerals. Min-ral processing plants 
are designed to meet the spccificatitins of raw 
material inputs ith ph sical characteristics within 
a defined range Bcfi)re dcsigniniz c(istl\ prte-

1Z,-Sile plats based 0on iIpirtedC ra% materials. a 
Cox ernment should aIssess the chauice, tht 

depletion is defined as the physical exhaustion of a 
mineral resource. Lconomic depletion is the 
exhaustion of minerals that can be mined at a
profit, and 	usually occurs before physical deple

tion (Tilton, 1Q77). In tile contex-1 of development 
plannipg. economic depletion is most important to 
a n.Ition. 

(overnments have lone been concerned with 
the rate of exphitation of exhaustible resources. 
not only in developed cotuntries but also in miany 
LiC'chl ping nations. The concern appears to 
revolke around the issue of himo to provide for 
future generations hile also necting tile needs of 
the present. In some 

IXOii tfl * iMS 
the Jexehoplent of 
tieJ~lpnltoresources (.Mikescll. 

cascs. a export-oriented 
bl-nttfitS b y

its exhastiltle ineral 
t xaitlie mineral 

1970). This is bccausL in 
mamn developing countries, the expected rate of 

\%I'its discvere~d ,inid. if increase in the mineral commrllOditv price is ]o er
possible. ci insider lte rirst<I hkel phyvsjca 
chalacte_'ristics tiisuch rCsouios. Itsuch asCSS-
ment inforattinm is jbtaitLCd, it ',hould be taken 
into account before dct.iding on tue sic. process 
specificatiols, and Ihcatimi ofItproessing plants 
that 1a1\ bc u,,ed at a future daLIt to process local 
produced mineral, 
3.8 1Will 

[)ivcirsification of ciinniodit\ exporti had ta-ken 

han the rate of interest in alternative investments. 
Theretore, the profits from mining today can be 
reinvested to ger, rate mnTC profirseh -wouldbe
 
earned if the mit; ral was mined at a fnture date. 

tlowever. rcgardl,:,,s of the ecomiiuc argument 
for unrestricted development of exhaustible 

uineral resoturces. at least three overriding factors 
Cause nost g ivcrncr.ts to be concerned 

about depleting their nation's uxhairstible minera! 

resources. 	 First. the majorit\ of a nation's 
)nt increasing imptrtaice in recent years ;;s population i1 n t bclic\ c argurlieits thilat a rapid 

governienrts ihavC atCmptCd to stabilize export rate of depletion of their exhaustiblc mineral 
earnings in ligIt of increasing %olatilit of re'Otrcus is in their best interest. A common 
international conmodity prices. Mineral resourcc airgumeilt of opposition political parties (those 
assessments can prt,vide an indication of the broad parties presently out of pt,\\er) is that the 
range of mineral cotnlonldities that lilaV exist in it giverunnieit in powcr is nut propcrly nvmanaging tile 
country. thercbr enhancing tile prospects for nation's exhaustible mineral rcsturces. A typical 
diversificatoll of mineral cornmodit. exports nd argument that ai gain ilCOMsidcrable public 
greater incolme StabilitY. support is that foreign coipamics are rapidlv 

There is a teltlcnlc\ f ir both government alrtddepleting tile nations valuable inventory of 
industry exploration progratilnes to focus oi 
finding more of those lirleral resources that are 
already known and evalualed in a country. 
Broadiy-based mineral resource assessment prog-
r:ims can inform governments and industry on the 
prospects for diversif\ing mineral commodity 
exports. 

3 .Q I)F:IPtI.t.TtI IN RAT[.()I RFSiIt'RUS 
Resources depletion can be viewved in either a 
physical or c. frames ork. Physicalan conolic 

rlmieral resoturces. 
Second. lioSt gt vernirilts if rawv coninlodity 

exptrting nations have a long-term goal of 
increasing domestic procCssi!ng in Order to: (1) 
increase the \'alue added to export connnruodities; 
(2) provide for their own future mineral 
Ct orlIiit\ requircnments: ind (3)increase erup
loyment. Therefore, a port in tofmost nations' 
exhausti-le resources will be reserved for the 
future. 

Ail inctirrect assessment of a nat io's mineral 
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to poor policy decisions. Forresources can lead 
anexample. between 1938 and 1961 there was 

embargo on iron ore exports from Australia based 

ol an assessment that the nation's small iron ore 
to imeet donesticrestryes N,,ere only adequate 

needs ( Barnett. 197). The federal governmunt 
restricted the development of the A ustralian iron 

becaMusC it was feared that "Australiaore iMiiustM 
Wats ru itong out f iron ore'" (Bar nctt. ',L"I7 

p.1 M1)).Subscqct huge iron ore disco%cries ha\ e 

placed Austialia among the world's leading iron 

ore producers, miner2te pmromjectF-inally, closine d,'vn resicourccpe; m c 
I" '
 c t c.are deplicted may 

result illsubstantial ulcmttp)n Ncnt problems in a 

region. (ioyernicnts ire s,tistye about tile 
political in:plicaliols (if closin ai mine and the 

resuling criplgOnient. As ss cll A" the. possible 
secondary iicg;it!\c eCCtltlic HIpaCTs (on)nearby 
townIs. ihreforC. the', 1n, tlndcrtakc cfbhrts to 

rles and lllaxatlcvcl to 

lc
wllen thle ccollOT)lito 

adjust inning eCV h 

extend the cct11m 1otlives of miine.C, 
!fa governut slows the rate of depiction of 

k nos 11,rser,,-. baed tit igmiramcn abot 
pOtenltIalI' large u~ndiscoverCd resources, the 

nation is likely to fail In rn1,ximizing its benefits 
from devuloplwcill of its cxhusi ible rte.sources. 
Such issues demonstrate the teed for eovcrnments 
to exailne depiction rates il lo it1collj u:ctiol ii 

of both their identified andunderstanding 
undisco\ercd umitilcra resOurCe, 

3. I) Titt'l. tIN("i tN Rt5s(it 'R{t ItI.V1ONt:N 

Related h( the question of depletion rate is the 

issue of cut-off grade with respect to exhaustible 

mineral resources. In maximizing company pr, fits 

during the production of minerals from a deposit. 

'hih-graditg" cm)Occur when lower grade ore that 

could have been econmically recoverelL is left 

behind as "aste. The problem can result from 

companv profit maximizing strategies. but may 

also be caused bN the form and level of taxes 
mineral resource projects. Taxes orapplied to 

r.lyalties based ot)sales or gross value increase tile 
they arc a direct cost ofcut-off grade because 

producing a mineral resource. 
An example is the case where a government 

receives a high-profit share in a production-

sharing agreeilent. Such an agreement may be 

ideal for the occasional large petroleum discovery, 
but makes smaller petroleum reservoirs sub

direct conIsequence ofeconomic. This has the 
raising thc minimum size explormtiin target, and 

can result in incomplete exploration of prospcctive 
areas. The result ma, be a financial loss to a nation 

but not necessarily to the investor who will adjust 

cxploration stratogics to maximize profits within 

govern ment fiscal constraints. A resource assess
mielt program can provide governments with a 

clearer indication of the physical characteristics of 

possible petroleum fieldsein aprt fsan area. which can be 
useful in establishing
u~fli silsignore appropriate fiscal 

regille.'s 

4. CON ClI..!SI(.)NS 

In this paper it has been suggCsted that long-term 
national dcvclhpment and eConomic plainllm: 

stratecies should be facilitatefd y appropriate 
mineril r!souicc assessmilenfts. lowever, resource 

assessment activities are not an assurai'ce of 

achiev;,mg develh pnt planning goals. Ts,,o major 
problems tIAortinu-n-re levels Of aSSCSSmnCIll
 
exptcndi-ures can seldom be detcrniined, and
 

err r.
resource assessment estimates are subject to 
t
GCoogical surveys almost a as argue that
 

greater expenditures for gathcrin mineral
 

resource infoirmation are desirable. -low ccr.
 
development planners arc faced \k ith the task of
 

determining how much their ntationi can benefit
 

from a given level of expenditure ill rA'hering
 

more resource assCsslent inforiation . There is
 
o practical \wa, to determine whether there istoo 

much being spent on in ormationlittle or too 
potlntialPathering. primarily because the 

to the nation arc difficult toeconomic Isonefits 
measure in financial terms. 

One practical solution to this dilemma is to link 

most mineral resource assessment activities to 

policv issues where decisions c,..ibe influenced by
 

assessment data. This allovs governments to select
 

resource assessment programmes that can provide
 

the required level and quality of information it' 

mittilum cost. 
Another problem isthat tile current understand

ing of tile geologic parameters controlling the size. 

grade, and distribution of mineral resources, is 

incomplete. No model cam, be constructed to 

accurately predict these physical characteristics. 

p
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Therefore, resource estimates for undiscovered more effectively establish long-term development 
mineral r_.,u, ces are subject to a relatively wide strategies for a nation by considering estimates of 
margin of er'cir. Fo he effective in development tile economic potential of discoveied and 
planning. the degree of uncertaintv associated with undiscovered mineral resources. 
estimates must he considered. 
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