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Abstract

Burkina Faso is since 2009 become one of the greatest gold exporters in west Africa. Does it affects
agriculture? The aim of this paper is to analyse what effects gold can have on labor used in main
agricultural products and also their exports using simulation approach. Many assumptions are made to
help us simulating the model. We expect to establish a mechanism of compensation to get back a level
of production for which the variation is only due to absorption of gold, so there will be a high potential

of export for the main agricultural products.

1. Introduction

Data on foreign trade in Burkina Faso shows that gold is become the leading export product since
2009', with a share of approximately 76.7 % of the total value exports in 2011. Cotton (11.3 %) comes in
second place, followed by fruits with nuts dried or fresh and sesame seeds representing 5 % of exports by
value.

The production of these agricultural goods requires intensive labor under used tools; in fact, because
of their low income, most farmers can't modernize their production techniques. If labor is a key factor of

production, capital and other specific factors must be taken into account also. A decrease in the farm labor
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significantly influences the production, and then affects the export”.
Gold, which world price is very important, is a pull factor of that farm labor’. Simulating its effects
may help to consider compensation scenarios to find a level of production where the only variation is due

to the migration of labor from agriculture to gold.

2. The Model

The main export products included in the study are indexed 1, ..., L. Gold is indexed by O.
Respectively denote by P, X and C production, export' and domestic consumption variables. We adopt a

finite set U of disjoint localities taking into account the effects of immitation.

For each locality u €U, we note p“ =(p,,p,,...,p;) the production vector in the locality u.
We adopts a reduced cutting i.e., 3/ €{0,...,L} such as p, #0 (significant production). Similarly
there x* =(x;,x/,...,x;) is the exports vector of locality and domestic consumption of the production

isnoted c¢“ =(c;,c/,...,c;)".

The production of locality u covers first, local consumption and the rest of the production is exported.

With the time variable #°, we have:
pu,t =cu,t +xu,t (1)

Production is a function of labor N, capital K and specific factor M; this last factor depends on the

product only, not the locality. The production function f is then expressed:
pi =N/, K, M,) @

Wesets K, and M,. Gold is mainly exported, so, p; =X, .

2 we place ourselves in a simple analysis where production is partly absorbed by domestic consumption, the rest

being exported; stocks are negligible.
* In addition to the modern exploitation of gold, another type of exploitation is developped and draws the farm labor
* re-exports are not included.

> t represents the year and the stock at t-1 is assumed to be negligible.
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Labor used in the production grows at constant rate, i.e:

2N =+ ) YN 3)

uelU (=0 uelU (=0

At initial time #;, N, % £0: we begin with a moment where the gold production is not null in the
locality u. only labor comes from other areas has been used for the production of gold (the assumed
growth rate constant of the latter is denoted 7 ); no absorption was observed. At time #, +1, the gold

produced in the locality has absorbed a part of the agricultural workforce. There has been a significant

change in the structure of the workforce in the locality.®

Attime 7+1, gold has absorbed a proportion A, oflaborusedat #>¢, in agricultural main good

production ¢ and a proportion 1—-4, of new workers. So,

L
Nef'= S ANP + (1= 2N = NP+ 1+ 2) 0 Ny (4)

1=1

From one year to another, the labor used in the production of goods {1, ..., L} decreases due to the

strong attraction of gold.

u
Thus, f2max, 1,

DN <IN N )

uel (=1 uel (=1

As K;' and M, are fixed, this reduction in farm labor affects the production; we get:
L L
e ot
2P <2 pl (©)
uel (=1 uel (=1

The production covers the first domestic consumption (gold is totally exported ), only the rest meets

the needs of foreign markets:

% a judicious choice of group of localities can help us taking into account the effects of immitation.
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DLEIIVES NI )

uel (=1 uel (=1 uel (=1

We will estimate for each product ¢ € {1, ..., L}, function (g,),.,. ,, such that:
PYAETAOY AN 'S ®)
uel uelU

The functions g are independent of time. We note

The demographic growth rate is assumed to be constant.

Then we have the following relationship:

L | L L 1 L
u,t+ u,t u,t+ u,t
(S 3 |- 3wn -y
(=1ueU (=1ueU (=luelU l=luelU
, . €))
_{ g(zp?’“rl,RtJrl)_zg[(zp?’t,Rt)}
(=1 uelU (=1 uelU
To get back a level of production (thus a maximum potential export) by offsetting factors K, et
M, we must choose (k,m) e[0,1]x[0,1] such that:
L
DD F(NPTLKY kK M, +mM,) =
é:luei/ . (10)
_{ZE J (N;lHlﬂK;’M/)_ZZf(N;AtaK/qu/)}
(=luelU (=lueU
3. The Program and the Basic Equations
Combining equations (3) and (4), we obtain the relation for >max,_, f;:
L X L
DD Q=AINIT =3 D (p+ 2= AN + 1+ p) Y Ny~
(=lueclU (=1ueU uelU (1 1)

Z(1+T)1+t—tg Ng,tﬁ

uelU
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with p <4,

Equations (7), (2) and (8) give:
L
IYVEDD WUANHIAE v pUILANCHIANY 12
uel (=] (=luelU uelU
By integrating the exports , program to solve is to choose (k,m) e[0,1]x[0,1] such that:

L
DD FNPTLK] kK M, +mM,) = —{ZZx“ o ZZx;” }

l=lueU l=lueU l=luelU

) ) (13)
—{Zgé (Z NS K M), (1+7)x R j ->g, [Z f(N“ K, M,),R' j}

/=1 uelU /=1 uelU

There are many pairs (k,m) that satisfy the program. Econometric tools can estimate functions of

production and consumption under certain assumptions. Information on agricultural exports will determine

the “law” of process

(33w

(=luelU (=lueU

4. Simulation

We will simulate the program on several functions of production and consumption and using the law

followed by agricultural exports.

* Effect on Farm Labor

The effect is explained by a farm labor workers who desire gold workers living conditions. We derive

the expressions as if they were continuous variables.

A(N™) I
;uezya(zueuzv"‘) e )Xc“rdelemza PR (9

** Effect on Agricultural Exports

The effect is justified by the strong attration of farm labor to the gold, agricultural production

decreases and thus the potential export.
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) __ (14 pyy ] {Gf(-)_ag/(-)

O, Ny) Sp+2(1-1,) |oNy 8

(15)

IO
SO 6N}”

The notation 0'() means that the function g, 1s derived following its first variable and card U is
the number of locations, ¢ € {1, s ,L} .

*** Compensation Mechanism

The problem is to propose a mechanism of compensation in terms of equivalent of other factors to

find maximun level of agricultural products for export.

e Choose function forms

e Use the law of the series of agricultural exports

o Set the labor used in the production of gold Y, N,

o Set reasonable values of labor for each agricultural product N;* taking into account
equation (14)

o Deduce from equation (11), the possible values of N 2"”1

e Simulate several values of K, and M, deduce ratio k, m

4.1 Assumptions

In this paper, used functions are Cobb-Douglas type. The parameters of these functions will be
selected taking into account the weight that is given more to this factor as another factor. We will often
make use of the normal distribution. Other parameters that are needed to run the model are reasonably

taken based data sources that we have.
4.2 Numerical Solve

In a simple analysis, functions used for the simulation are Cobb-Douglas. The choice of other
functions can lead to a complex equation whose analytical solution is not easy; in this case, a numerical

method is then recommended.

4.3 The Results
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Using equation (azieq14) we can setting labor values for gold and agricultural products and simulate

parameters 4,. Knowing 4,,...,4; we cand find the loss of production in each agricultural product.

Another way to have the parameters /4,,...,4, is to realize a survey. In our context (Burkina Faso), if very
difficult to do that in "exploitation artisanale".

# Generating randoms values for agricultural products
L<-2 # 2 products

U<-13

# agricultural product 1

Agr Labor 1<-matrix(nrow=U,ncol=3)
set.seed(12345) # reproducible results

for (iin 1:U) {

Agr Labor 1[i,1]<-i

Agr Labor 1[1,2]<-round(rnorm(1,50000,100),0)
# normal distribution with rounding

Agr Labor 1[1,3]<-round(rnorm(1,40000,100),0)
# normal distribution with rounding

}

Agr Labor l<-as.data.frame(Agr Labor 1)
names(Agr Labor 1)<-c("Region","Num_t","Num_t+1")
head(Agr Labor 1)

## Region Num_t Num_t+1

## 1150059 40071

## 2 2 49989 39955

## 3 3 50061 39818

## 4 4 50063 39972

## 5549972 39908

## 6 6 49988 40182

# agricultural product 2

Agr Labor 2<-matrix(nrow=U,ncol=3)

for (iin 1:U) {
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Agr Labor 2[i,1]<-i

Agr Labor 2[1,2]<-round(rnorm(1,10000,60),0)
# normal distribution with rounding

Agr Labor 2[1,3]<-round(rnorm(1,5000,60),0)

# normal distribution with rounding

}

Agr Labor 2<-as.data.frame(Agr Labor 2)
names(Agr Labor 2)<-c¢("Region","Num t","Num t+1")
head(Agr Labor 2)

## Region Num_t Num_t+1

#t 119971 5037

##2 2 10037 4990

##3 310049 5132

##4 410123 5098

#5 510015 5029

## 6 6 9981 4900

# Gold

Gold Labor<-matrix(nrow=1,ncol=2)

Gold Labor[1,1]<-round(rnorm(1,100000,250),0)
Gold Labor[1,2]<-round(rnorm(1,150000,250),0)
Gold_Labor<-as.data.frame(Gold_Labor)
names(Gold Labor)<-c¢("Num t","Num t+1")
head(Gold Labor)

## Num_t Num_t+1

## 1 1e+05 150088

Product Variation

1 1.00 —2.59
2 2.00 —-1.30
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Combining equation (14) and the 2 variations found previously, we have:

(134+a))*p—2*xa;*xA; +2xa;+13=0
(13+4+ay)*xp—2xa,*A; +2%a, +13=0
p<Aandp <A,

al<-MyVariation$Variation[1]
a2<-MyVariation$ Variation[2]
al

##[1]-2.591

a2

##[1]-1.298
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