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Artisanal and Small-scale Gold Mining in Alga (Burkina Faso):
Building a Decision-Aid Model for Development and Governance

F. Andriamasinoro, E. Jaques, R. Pelon, B. Martel-Jantin
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- Mineral Resources Division -
3, avenue Claude Guillemin, BP 6009, Cedex 2, F-45060
Contact e-mail: f.andriamasinoro@brgm.fr

Keywords: multi-agent system (MAS), gold mining, tract oresconveyoractors carry them torushersetc. More-
prospective simulations, development, governance. over, each shafth haskeepersand oneshaft owneso on be-
half of which theminersin sh work. After a phase oéxtrac-
1. INTRODUCTION tion, eachso subcontracts the transformation of its ore to the
Between 2001 and 2004, the BRGM carried out, in close2ctors inTA. And sinceEA generally contains several shafts
collaboration with the BUMIGEB (the Geological Survey of for oneTA, each task ifTA possesses a “First In First Out”
Burkina Faso), research &isGMAArtisanal and Small-scale (FIFO) list, used to temporarily store the ores as and when
Gold Mining® in Alga), Alga being a site in Burkina Faso, they arrive from the preceding task.
which is considered as a reference for carrying out such work. We have notincluded theonveyoractors in this study since
These studies resulted in the collection of real data (hereafté¥€ do not yet have all of the necessary data concerning them.
notedrea _d), which have been synthesised in [1]. Ataski is notedT; =< 7;, pm;, pau;, n; > in which:
Using rea .d as a starting point, we constructed a MAS  * the m;, measured in kgo/a/d (i.e. kilogram-
model aimed at carrying oprospective researchn answers ore/actor/day), is the dailyproductivity of each
to the following questions: actor performingr;. It represents the number of kilo-
ql) - “with regard todevelopmentio what extent is it possi- grams of ore that the actor caom averagemanipulate
ble to improve the income of theSGMApopulation?” during one day.
qg2) - “with regard togovernanceto what extent is it possi- * the pm;, measured %%, is theratio of ore recovered,

ble to reduce the importance of the clandestine gold buyers in
the ASGMAR”

However, before carrying out such prospective research, we
first had to ensure that teSGMAcf. Section 2) model was
valid, namely complied withea _d as closely as possible.

This paper presents both works, by following the “classi-

on averagefrom a taskT;, and introduced i;;; (if
any). The ratio (10Q»m;)% is either lost due to the na-
ture of the task itself (e.gvinnowing, or taken by ac-
tors (mostly thecrusher$, as remuneration. Thus, like
miners crushersalso “extract” ores. We call botbre
owners(or 00)(?).

cal” stepsmodelling(Section 3)simulationgSection 4)dis- « thepau;, measured in %, is thgrade of goldrecovered,
cussiongSection 5) anaonclusiongSection 6). on averageafter an ore has been manipulatedrpy
* then; is the number of actors performing.
An ore introduced iT; is formally noted:

Ore; =<o00, M, W > in which:

* M is themassat the entrance of;. It is measured ikkgo
orto (i.e. ton-ore) with 1to =1000kgo,

* W is thegold weightin Ore . It is measured igAu(i.e.
gram-gold). We not#&y;,,s;(00) the gold obtained at the
end of the exploitation, carried out on behalfoof.

* 00 is theownerof Ore;.

2. PRESENTATION OF THE ASGMA
TheASGMA onNtains two stepgxploitationof ores contain-
ing gold, anddistribution of the resulting income.

Exploitation of ores

Exploitation takes place in two areas: teetraction area
(EA) and thetransformation aregTA). Exploitation means
the manipulation of ores by the following successive tasks:
extractionfrom the shaft (irEA), conveyingbetweerEAand
TA), crushing grinding, sluice washingwinnowingandmill
grinding (in TA). The final ore then givegold dust

Each task is performed byteam of actorsmineractors ex-

Distribution of the resulting income
The income is earned daily. That coming from a tasks
notedY;, and is measured i@fa (where 1JS$ =~500Cfa).

1 An “artisanal mine” is a generally informal operation exploiting min-
eral resources by using mostly manual methods and rudimentary tools2  Even thougttrushersare TA actors, they are also studied as bedrg

actors. In these cases, we n@tdl, the TAwithout thecrushers
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The income per team The former version of the model

For each team afo actors, the goldy;,,,; obtained during Initially, ADK managed only individual agents’ behaviour.
one day is sold to two kinds of buyers: somg,..q issoldto  This agent behaviour is based on the triguerteption
clandestinebuyers, at a pric@ ;.4 (Mmeasured irCfa/gAy, deliberationaction”. Messages exchanged inside ADK are
and only the party, s 1=(100-c1q,4)% is sold to theofficial ~ then called percepts (e.g. visual and voice percepts). The
buyers, at a (less advantageous) prggs. The final income  environment is composed of entities that can be agents or
T,, is given by Equation (1)-b, in whichg,; is the sum of  objects. Both have properties (respectively ncaggrop
the official and clandestine prices. andob.prop) in which one can either read values (e.g. for
agents, it is notedg.prop —val ) or write values (e.g. for
agents, it is notedg.prop <val ). The environment also acts

(1)| as the central medium communication between agents and

b) Yoo = [Waust (00) * paust] Cfa agents/objects.
The architecture of an ADK agent contains two main parts:

(l) Pdust = [acland * Peland + Qoff * poff} Cfa/gAU

As for aT A team performingr;, Y; is obtained by Equa-
tion (2), wherer; is the productivity andp; is theprovision
(measured ilCfa/kgqg corresponding td;.

« thebody, which is in relation with the environment and
performs botlperceptiomandactionphases.

 thehead which contains théeliberationphase, whose
T, = [mi*¢i] Cfa (2) dynamic is largely inspired from the action selection
found in the Maslow model [4].
The income per individual The dynamic of this deliberation phase_ is based on the se-
For eachTA actor of aT;, the incomeY; i, ; is merely: lection ofroles, foIIovyed by thqt ofreal agtlons A_role isan
Yindioi = Tilni. abstract representation of actions. The inverse is not true, i.e.,

ConcerningEA actors, the formula is more complex (see &N action may existindependently of any role.
Equation (3)). Assume 4 (in Cfa), the sum obtained by Structurally, there are two kinds of actions/rolpgimitive
a givenso in one day. At firstso subtracts the cost that (PR which is the fine-grained action, uninterruptible during

was necessary for the shaft extraction (e.g. pump rental), pldS €xecution, ancomposedction AC), a combination ei-
the Y of all TA actors (i.e0T7) to whichso has subcon- ther of PRor of otherAC. Roles/actions are connected via ei-

tracted the transformation of its ore. Then, takes, for him-  ther the following types of linksthen (succession)or (ex-
self, half of the remaining amouft; 4, that is, Y 4 /2, and clusion),imp (implication) andand (simultaneity). The tran-

finally, he equitably distributes the oth&z /2 among the sition from a role to its real actions is partiofp , andand is
, ; the default connector if no connection is set between two ac-
TNminers andnkeepers of his shatft.

tions/roles.
In addition, ADK has the following factors (illustrated by
) YTea=[0Tpa— (sc+0T75)] Cfa examples from thaSGMAase):
« the precondition that must be verified before an ac-
tion/role can be executed. For an ageigt, it is a
T2 Boolean function determined by the propertiesagf
3) Tminers = Teepers = [#} Cfa or by what it perceives from the environment (or by
both), and whichimplicitly determine some of its be-
havioural patterns. For exampleg does not accept
ag.role <«keeper if ag.sex —female . Women gen-
3. AGENT MODELLING OF THE ASGMA erally prefer roles likevinnower .
Presentation of the agent platform
Our agent platform is ADK [2] (for “Agent Developer
Kit"), developed by Calderoni with the idea of simulating a

SOCiety of artificial agents. ADK contains three of the main « theuser Settingsthese are like preconditions but ane

2) Yoo = [TEa/2] Cfa 3)

 thetimewhen an action/role is planned to be executed.
E.g.,extraction is performed beforepmonly.

components generally found in Multi-Agent Systemgents plicitly set by users. E.g. a user may want to “forag”
objectsandenvironmentOur present work is based on a spe- so thatag.role «—crusher even if given its (oldgge,
cialisation of ADK to the world of robots: RDK (for “Robot it is preferable thahg.role «—keeper .

Developer Kit”), which we have already previously applied The initialisation of an ADK system is also performed

to other cases such as the exploitation of quartz in Madagas- 3 this latter factor.
car [3]or the robot foraging problem [4].
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The advanced version of the model possess any objects. Theecondition timeanduser settings
The previous studies were rather oriented to individualthen refine this generic behaviour at application level.
agents’ behaviour. In this study we have formally introduced L
the group level. Like individual agents, group agents alsg*Pplication of the model to the ASGMA
have two parts: With regard to the group agent body
« the group body which physically contains the proper-  In EA the group body is the shaft. A, the body, for each

ties of the group. It can be any object in the environ-group, is the zone where this group works. In concrete terms,
ment, chosen by the user of the app"cation_ it is a demarcated area that we callagkzone . The FIFO

list of the respective group, i.e. the element that contains the
ores normally treated by the group is, for example, physically
stored inside this area.

* thegroup headwhich is the “set” of the part of the head
of individual agents composing the group, but which
plays roles related to the interest of the group.

This new situation leads us to reorganize ADK as four lay- With regard to the group agent head

ers that are, from top to bottom: In the ASGMA the behaviour layer is more focused on
« thebehaviourayer that groups all individual and group group than individual behavioural patteffls Notions like
head activities. shaft ownerskeepers miners crushers grinders etc. be-

_come roles. They are executed agents who are actually
c}he translation of the concept attorsin a MAS context®).
These roles are associated with actions, which are the trans-
lation of the concept of tasks in a MAS context.
An additional role exists iTA : the grouprepresentative
* the objectlayer, containing all objects of the system. when ataskzone has finished treating one element _el
The agent layer is connected to this layer via two links.of its FIFO, andore _el is still in transformation, the role of
The firstlinkis namedias . Alink agent .has (object )  {herepresentativés to transfer it to the nextskzone . Oth-
exists ifagent actually possessebject . The second  gryise, ifore el is the final task that givedh,:, therepre-
one ismanipulates  which represents the manipula- gentativesends it to its owners.
tion of object by agent (e.g. the tasks in thaSGMA  Eigure 2 presents a (partial) view of the application of ADK
case). The instantiation of this link is initially preset by g the ASGMAFor reasons of space, we only have taken the

* theagentlayer that is the previous agent body. Its rela
tion with the above layer is represented by a link name
adopts , which is actually the abstract formulation of
the deliberation process described previously;

the user. case ofwinnowersas an example on tHEA side. The action
« the spacelayer, which is a 2D continued environment rest , resumed from a previous application [4], is only given
represented by(y) coordinate via a link named _at . here to show the possible consideration for individual actions

Agents and objects situated in the space layer take geddy the model.
metrical forms such as a circle, polygon, etc.

4. SIMULATIONS

deliberation BEHAVIOUR It should first be noted that, likea _d, we also havaim _d
\ —individual head on the simulation side. Any parametermay be either a
%) grouphead ?5 rea _d (and noteck,..,) or sim _d (and notek ;,y, ).
Be e - AGENT , . o L
1 —l 2 .rrjlmindividual Simulation objective 1: validation of the model
‘ . body Our simulations were firstly aimed at validating the model.
rrrrr Y - action e For this purpose, the chosen output to be followed was the set

¢

o =t P > . '

* group body \ | | “.other objectsxPBJECT {Y;} per rolei , because thaSGMAs adopted to reduce the

== = B Lo overty of the population. The séin ..} of our inputs is

CFI remwas on ~ sPacE P rea

K”. (5 ) 2 5 V) e )T composed of parameters suchpas;, pau;, 7;, ¢;, and;.

perception  acfion  (the medium for all communications) Action: The validation consists iempirically searching,
via what we calkrial-and-valid (notedtav ) simulation runs,

adopts manipulates
behaviourki agent hL»

as
has o
[link between layersz is_at €
3 The agents are however capable of performing individual actions such

Figure 1: Generic architecture of the ADK agent asbuying food caring for persons,etc. already used in previous appli-
. . cations. These actions are important for cases like the impact of the AS-
model that will be applled to the ASGMA GMA on the health of miners, an analysis that nevertheless falls outside

the scope of this study.

. ; ; 4  The reason for the distinct usage of “agent” and “actors” is because the
Note : the behaviour layer of the model is based upon the presentation of the ASGMA in Section 2 must be independent of the fact

fact that every agent can generically play any role and can that it will next be translated into an agent model. The formal structure
remains valid for any other modelling approaches.

‘object is_at
spac
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BEHAVIOUR

individual head @ R

—-individual body
(e.g. winnowers)

o---- group body
=i |a taskzone

Figure 2: A view of the model, applied to the AS-
GMA with winnowers as an example on the TA side.

the set{in 4;,,} of the input that makes the model valid. But

what does valid mean? Let us assume an oulpaind the
marginAY% existing betweef(',;,, andY,.,, as described
in Equation (4). We consider the modehasdid when:

VY, AY < ATm(wJ;alid (Wlth ATmaw;ualid:25 %(5))

Tsim

rea

-1

AT:[ 4)

* 100] %

[0, AY,,q.[ is called theinterval of validity(oriov ).

Transition from real to simulated data
This process used the following functions (the notatiet *
meaningransferand ‘:=" meaningaffectatior):
* alea , With X4, <—alea (Xreas Kalea)
=X peq(random *(Xeq/Kateq ) ), Where:

a)random acts to generate new random numbers (with

random € [0, 1]), and the notatiod- means:
“if random<0.5, then - is chosen, else+’ ”
b) k4icq is One of the variables to be determinaupir-
ically during the simulation.
* btw, for betweenwith x ;,,, —btw (8req, brea)

Farea SXsim Sbrea
wherex ;. is one of the variables to be determired-
pirically during the simulation, but unlikie,;cq, X sim IS
more, at least, known as being betwegp, andb,..,.

* dup, for duplication with X s, «—dup (X;ca):=Xreq-
* tr , for translation with X, «—tr (X,eq)
=alea (o, Kir)* Xpea-

5  The value 25 allotted t&AY',,, ., Was chosen arbitrarily, assuming that
doread itself is not totally accurate.
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Furthermore, since;, pm;, pau;, etc. (let them temporar-
ily be noted genericallyy;, measured in their respective
xunit;) are given in the form of averages and measured per
day, the transition from (this static form aBa _d to (a more
dynamic)sim _d, is shown in Equation (5)-a, in whichis the
timeunitof the simulation (withb <1 day) andné is the num-
ber of§ existing in one day. The consequence is that Equation
(2) also gives Equation (5)-b.

a)dx; = [alea(é*’“, kx)] xunit; /a/timeunit

né
5)
b) 6T; = [0m; x ;] Cfa/timeunit

Results obtained concerning the validation

Table 1 summarises a sample of the ,;,, } we obtained.
Columns 2 and 3 respectively shaiup (o) andbtw (90,
100). Column 4 and 5 respectively shdup (7) anddup (),
used by Equation (5). Column 6 and 7 presents the translation
Tsim <1tr (Trea), Which concerns the reduction in the num-
ber ofactorsin the real society to the number afentsn the
simulated society. Herey,, ~0.08, a choice based on our
empirical knowledge of the maximum number of agents that
our ADK simulator can support (in performance terms).

Table 1: Sample of the data on input side of the sim-

ulation, which validates the ASGMA model
Role

pm pau ™ %2} Nsim Tirea
% % kgo/h/d| Cfa/kgg agent | actor

Extr. 100 97.6 20 n/a 15 171
Crush. 86 97.6 200 n/a 6 69
Grind. 89 97.6 55 9.88 22 252
Sl.wash. | 99.5 | 40 300 3.12 4 46
Winnow. | 99.5 | 97.6 375 1.79 2 25
Mill.grind.| 68 97.6 200 1159 | 1 13

Some additiona{in ;,, } we obtained were:
« for all experiments, £k, <5.

¢ theceisalea (113000,..) Cfa/month

* the acigng 1S btw (80, 90)~84%.

« thed is Smnandnd ~96 (i.e. Hay~8hoursg.

* dup (P, s):=4500Cfa/gAuU dup (Pciqnq):=6000CTa/gAu

Figure 3 illustrates the result of the validation process. All

of the simulations lasted for 720 days. Note that (i) our simu-
lator is currently a graphical interface, which only allows the
user to initialise the system and manage the simulation runs.
All result analyses were handled by other, more appropriate
software; (ii) iInEA, there are 3 shafts. All of the results pre-
sented relating t&A actually concern thaverageof the 3
shafts. And (iii), inTA, we have taskzone per role.

Observation and interpretation of the validation test
In Figure 3, the exploitation aime ;=0 coincides with the
initialisation of the simulation. The actors’ income is then (in



Summer Simulation Multiconference - SCSC S 2005 Page 6 of 7

M‘zilrgin AY (in %) between real and simulated incomes The best answer fag2 is that pr¢ >peiand, i-€. accord-
70 miners and shaft keepers (average of the 3 shafts) Ing to Equation (6)acland:0- It SignifieS the “death” of the
60 shaft owners (average of the 3 shafts) clandestine channel.

50 sluice washers - - B
40 ! grinders <Y=the income of the agents (in CfaD Qeland = {mam <pdustpoﬁ‘7 0)] % (6)
30 ! winnoyvers AY pax_valig=25% Pcland — Doff
2 ; 7 - interval

13 ) 8 = {ij{m of validity _ _ _

o crushers { . . ™ J (iov) Re_sults obtained concerning .the prospective research

180 360 540 720 Time (in days) Figure 4 presents the possible valuespgf; that result

Apmiredfbr whole system to stabilise from our prospective research. According to these results, the

authorities may, for example, take the following decision:

“if we want to raise the actors’ income by 1.5% (for better
development) while decreasing the part of clandestine buyers
from 84% to 60% (for better governance), we should raise the

simulation terms) still low, that is, according to Equation (4), °fficial gold price up to, at least, 55@¥a/gAd.
T.im — 0. Consequently, it is normal that, aroutigie o,

AT is still high. As and when the simulation advances, each
AT progressively converges towarias . The entrance of 5850
AT g4 iniov takes more times than that AfY'r 4, because 5650 5 5553 5568 5580 5605 5625

. . . 552
AT g, progression is slower. Indeed, unlifé actors,EA ausy | 400 HEB R 20 e

Figure 3: lllustration of the model validity through
the margin between real and simulated incomes

Official gold price p, (in Cfa/gAu)
for better development >>

5665
)

actors have to pay “something” (remember Equation (3) be- ° AN 1 o
/ _60%
. . . R, s e 5250 9 =60
fore earning their real income. Still in Figure 3, it is difficult N7 ¢ when Okcland 5163
PP ; o/ plo 5013
to distinguish theA Y7 plots because unlikerusherswho 5050 S 1se1 4910 4950

for better governance >>

are paid as beingo (thus making the plot very clear), allA 4850 <¢°/°/ s 4758 T
actors are paid in the same way (Equation (2)), making their pass /A%
AT follow a similar direction of evolution. The model is fully 494 plot whett Olcta
. o . . 4450
valid beyond thesystem stabilisation time o 05 1 15 2 25 3 as 4 45 5
Income rise ratio f3 (in %)
Simulation objective 2: prospective research Figure 4: Results of our prospective research of offi-

Returning to the previously validated model, we next car- ~ cial gold prices for development and governance

ried out prospective simulations related to the questifins
(with regard todevelopmentandg2 (with regard togover-

nancg asked in the Introduction. 5. DISCUSSIONS
_ With regard to the generic architecture of the model
Problem solving steps Compared to our previous research, we have improved our

Concerningyl, the aim of the prospective research was toADK model with the introduction of the group notion at
help decide possible values for the official gold pricgs,  generic level. The new resulting organisation (Figure 1) looks
so that it would be possible to raise theof all actors by  |ike the Geamas model [5]. However, Geamas, since it con-
%. For this purpose, we first dealt withi=, by (i) raising  tains only communicative agents, does not allow a simulation
eachy; by 3% and then (ii) using Equation (2). These opera-of artificial situated agents and, unlike ADK, a real dynamic
tions firstly decreased &ll ., since it should be remembered of the environment is quite inexistent.
thatoo actors payl’ A actors. Thus, to raise all of thg,, by
(3% too, we carried out severadv runs, in which we pro- With regard to the simulation
gressively increasepl, ;s (by starting with that obtained by ~ The value off{in 4;,,,} we obtained during the simulations
Equation (1)-a) until we approximately obtained the raiseds probably a solution for the validation of the model but we
T,, (with a margin of 5%, chosen by us). agree that it is not certainly unique, particularly since it de-

Implicitly, the above operations actually allowed us to studypends on parameters such&%,,,.._vq1i4- There are surely
g2 at the same time. Indeed, Equation (6) (deduced fronfurther ways to make progress in determining how far the real
Equation (1)-a) clearly demonstrates that such an increase stope (and limitations) of the general domain of fiar ;,, }

Pof decreases qnq since (i) bothp 4, (obtained from the lies: by continuing théav runs and by directly discussing the
initial value ofacianq andp, ¢ ¢, in Equation (1)-a) anfciang results with stakeholders. However, meanwhile, we believe
are constant, and (iDgust >Pciand- that what we have achieved so far is promising. Technically,
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we have constructed a simulation mechanism that has bedion tool, and (iii) a useful methodology that can aid in the
validated and that has allowed us to carry out initial prospeceonstruction of social simulation models as decision-making
tive research. At term, this should lead to a tool that is as relitools. Such a participative approach is important, since it
able as possible and which may be used as an aid for answegives the modeller a better picture of the real society, with
ing questions other thayl andqz2. a more accurate view than that of experts/scientists. In the
) ] ) medium term, this will help us in integrating sustainable de-
Open discussion about natural resources modelling  velopment indicators in this work (perhaps some of these in-
In agent modelling research on the linkage between sociadicators are already among the inputs/outputs data we have

economic and environmental resources management, exisitudied herein). For these various purposes, [8] and [9] are
ing models [5], [6], [7] have generally focused on agricultural significant references for us.

or ecological resources like forests, agriculture, water, or cli-

mate. However, mineral resources also play an important rOIREFERENCES

@nthe economic s_ituation of the population due to thefollow-[l] Jaques, E., Zida, B., Billa, M., Greffie, C., and Thomassin,

ing (non-exhaustive) factors: J.F., 2004, “ La filere artisanale de I'or au Burkina Faso:

« unlike agricultural resources, they are at the same time  pjlan, perspectives @volution et recherche de cibles pour

exhaustible and non-renewable, leading the associated le developpement de petites mines ”. in CIFEG Occasional
population to often migrate toward other locations af-  Publication 2004/39, MAE/CIFEG regional workshop, Oua-
ter a number of years; gadougou, Burkina Faso, pp. 41-59.

- as underground resources, their existence first requirdg] Calderoni, S., 2002, * Ethologie Artificielle et Cobte
prospecting. Consequently, their profitability for the — Auto-Adaptatif dans les Sysmes d'Agents Bactifs: de la
population is not always warranted, unlike immediately Mo_dehsaﬂona la Simulation ”. PhD Thesis, University of Re-
visible and known resources; union Island, 175 p.

. ) . , - Andri i F. Angel, JM., 2 “High-Level vs.
 paradoxically, once their location has been |dent|f|ed,[3] ndriamasinoro, F. and Angel, JM., 2005, "High-Level vs

. ) Low-Level Abstraction Methodology for the Model Design of
they may be a help for the population. Indeed, unlike the Ultra-pure Quartz Exploitation in Northeastern Madagas-

crops, their existence is non-seasonal and they can act car. in proceedings of the Joint Conference on Multi-Agent
as alternative resources in the event of climatic disas-  Modelling for Environmental Management (CABM-HEMA-
ters such as cyclones or swarm locust invasions of crops, SMAGET), Bourg St-Maurice, France, March 25-28 (to ap-
like in some countries [3]. pear).

e miners and cultivators are often in conflict about the [4] Andriamasinoro, F., 2004, “Modeling Natural Motivations into

management of water resources while carrying out their  Hyrid Agents”. in Proceedings of 4th International ICSC Sym-
respective activities. posium on Engineering Of Intelligent Systems (EIS 2004), Is-

Until v f ks h idered th . . land of Madeira, Portugal, February 29 — March 2, 2004, in CD-
ntil now, only few works have considered these situations Rom, and Abstract in International Computing Sciences Confer-

(e.g. [3]). Since the present study and our future studies will  onces press (ISBN 3-906454-35-5), p. 66

focus on mineral resourcgs, W_e will certainly always con§|de§5 Courdier, R., Guerrin, F., Andriamasinoro, F. and Paillat, J.M.,
them. However, the best idea is that researchers from diverse’ 5445 “agent-based simulation of complex systems: application
fields of human-environment interaction modelling combine {5 collective management of animal wastes” in the Journal of
their efforts in order to really design models that are capable  Artificial Societies and Social Simulation vol. 5, no. 3, June 30

of integrating and managing all of thesatural resources. [6] Agarwal, C., Green, G. M., Grove J. M., Evans, T., and Schweik
C., 2002, “A review and assessment of land-use change mod-
6. CONCLUSIONS els: Dynamics of space, time, and human choice”, Burlington,

This paper reports our work on the mode”ing of artisanal VT: USDA Forest Service Northeastern Forest Research Station
and small-scale gold mining of the Alga site in Burkina Faso, ~ Publication NE-297
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