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Abstract
This paper develops an information theoretic estimator of wage and employment shifts that provides quantification of and inference about type of employment (full time, part time, seasonal,
unemployed) and industry share of employment. It is applied to determine the effects of two
United States Agency for International Development (USAID) projects on employment in villages
in the Tambacounda and Kedougou provinces in Senegal. The projects support the development of
local forest-based production and processing industries. The results demonstrate statistically significant and positive effects on employment and the industry composition of employment.
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1. Introduction
An emerging literature recognizes the importance of rural non-farm employment in development processes
[1]-[3] and poverty reduction [4]-[6], as do political statements such as the African Union’s Malabo Declaration
including support for creating “job opportunities for at least 30%” of African youth, focused on rural and agribusiness employment. Yet the development literature is relatively under-invested in empirical measurement that
quantifies a systemic shift from subsistence agriculture to rural wage employment. Current measures quantify
changes in the share of employment in a particular sector such as manufacturing or services, but they do not
provide systemic comparison of industry-level employment data across local rural economies. However, a deHow to cite this paper: Moss, C.B., Mbaye, S. and Oehmke, J.F. (2016) Information Measures of Wages and Employment:
Application to Senegal. Applied Mathematics, 7, 177-182. http://dx.doi.org/10.4236/am.2016.73017
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velopment paradigm centered on rural economies transforming from subsistence agriculture to wage employment is best validated by analyzing the industry-level composition of employment within and across local rural
economies.
This paper develops an information theoretic estimator of wage and employment shifts and associated inference. The estimator is applied to local rural economies in the Tambacounda and Kedougou regions of Senegal
in order to analyze the effects of two USAID projects (collectively called WulaNafaa) on the structure of local
employment. Specifically, the estimator provides information relevant to the research question: are WulaNafaa
villages associated with a different industry employment structure than are comparison villages?

2. The WulaNafaa Programs
The study regions of Tambacounda and Kedougou are the largest in Senegal by area, the smallest in Senegal by
population density, and the poorest in Senegal due in part to their rural nature. Yet these regions have productive
agricultural land, rainfall sufficient to produce a variety of different crops, and the country’s premier forest reserves. Forest products include charcoal, baobab fruit and fruit products, and lalo, a food emulsifier made from
the bark of the baobab tree and preferred for improving the consistency of couscous and other foods. The development challenge is to unlock this agro-forest potential.
WulaNafaa is a Senegalese (Wolof) phrase meaning “benefits of the forest” and used as the name of two
USAID projects implemented from 2000-2005 and 2006-2011, respectively. These projects helped implement
Senegalese national legislation devolving control of natural resources to local populations by facilitating community-based management of local forests and establishing local processing industries associated with key forest
resources. WulaNafaa focused on local development of baobab, charcoal, fonio and jujube production, processing
and sales. It is hypothesized that as these local industries develop and offer more remunerative employment or
entrepreneurial opportunities, that employment shares will shift away from traditional agriculture and into the
forest-resource-based industries

3. Methodology
Figure 1 represents the labor allocation process in a local economy. The ordinates represent the marginal value
product of labor. The abscissa is the quantity of labor; the length of the axis represents the fixed endowment of
labor. For simplicity, consider the labor to be allocated across traditional agriculture, the charcoal industry, and
the baobab industry. The quantity of charcoal labor increases from left to right starting at the left origin. The
quantity of baobab labor increases from right to left starting at the right origin. The MVPLC and MVPLB
curves represent the marginal value product of labor in charcoal and baobab industries, respectively; the horizontal line represents the marginal value product of labor in traditional agriculture. In the initial equilibrium the
labor allocations are LC to charcoal, LB to Baobab, and L − LC − LB to agriculture.
′ and in the
WulaNafaa’s primary effects are represented in upward shifts in the MVPLC curve to MVPLC
′ , which initially increase labor allocated to the charcoal and baobab industries. This
MVPLB curve to MVLLB
causes a secondary effect of an upward shift in the marginal value product of labor in traditional agriculture because of reduced labor in agriculture, increased food expenditures from charcoal and/or baobab earnings, or investment in agricultural productivity enhancements from non-agricultural earnings. The new equilibrium labor
allocations are LC′ < LC , LB′ > LB , and L − LC′ − LB′ < L − LC − LB implying a decreased employment in traditional agriculture and charcoal and increased employment in baobab. The direction of the employment change in
charcoal (or any single industry) depends on the slopes of the curves and the magnitudes of the shifts: it could be
the case that employment increases in both baobab and charcoal industries. With a fixed labor endowment the
shares of labor will move in the same direction as the quantity of labor, although generalizing to an upward
sloping labor supply could in principle change this situation. This means that reliance on employment or employment share in any single industry as an indicator of systemic change is problematical and highlights the importance of a systemic measure of employment change across all major industries. Hence a more comprehensive
measure is needed.
In information theory, f-divergence refers to a measure of the divergence between two probability distributions:
since employment shares are non-negative and sum to one they act as probability distributions. Formally, let
Z1 , Z 2 : ℜ N → ℜ+ be probability density functions taking on non-negative values except possibly on a set of
measure zero. An f-divergent information functional is defined by
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Figure 1. Labor market with WulaNafaa effects.

I ( Z1 , Z 2 ) ≡

∫

ℜN

 Z ( x) 
Z1 ( x ) f  1
 dx
 Z2 ( x ) 

(1)

where f is a convex function with f (1) = 0 . Then I ( Z1 , Z 2 ) is non-negative and equal to zero if and only if
1
Z=
Z 2 ( x ) ∀ x . Specification of f ( x ) = − ln ( x ) results in the Kullback-Liebler [8] divergence [9].
1 ( x)
The current paper treats employment shares as probabilities and applies the Kullback-Liebler divergence to
quantify the divergence between employment shares in the WulaNaffa villages v. the comparison villages. The
employment choices are represented by
1 if the individual j works in industry i
, i 1, ,9
=
zij =
otherwise
0

(2)

where i is the industry, j is the individual. The industry i employment share for group g is:

Z ig =

1
Ng

∑ zkg

(3)

k∈g

where g ∈ {1, 2} is a group (i.e., treatment [1] or control [2]), and N g is the number of individuals in group g,
The Kullback-Liebler divergence (1) thus becomes
1

To justify the conjecture that I ( Z1 , Z 2 ) ≥ 0 we build on Shannon and Weaver’s original entropy model [7]. Both Z1 and Z 2 are rela-

tive shares (i.e., numbers between zero and one). Thus, we let Z1 → pi where 0 ≤ pi ≤ 1 . First, we note that pi ln ( pi ) ≤ 0 with two

boundaries— lim p →1 pi ln ( pi ) = 0 and lim p →0 pi ln ( pi ) = 0 . Given these boundaries, the entropy measure defined by Shannon and Weaver
i

i

is always positive

J=
−∑ pi ln ( pi ) ≥ 0 .
i

Next, we define an alternative probability measure Z 2 → qi with an imperfect information measure

J =
−∑ pi ln ( qi ) ≥ 0
i

given 0 ≤ pi , qi ≤ 1 . Following the results from the derivation of the entropy measure J is minimized when qi = pi , or J ≤ J with
equality when qi = pi . As a simple demonstration of this result consider the scenario where i = 1, 2 . In this case,
p 1 − p1
dJ
− p1 ln ( q1 ) − (1 − p1 ) ln (1 − q1 ) ⇒
=
− 1+
=
J =
0
q1 1 − q1
dqi
⇒

p1
q1
=
(1 − p1 ) (1 − q1 )

Finally, the conjecture that I ( p, q ) ≥ 0 is demonstrated by the fact that

I ( p, q ) =− J + J =∑ pi ln ( pi ) − ∑ pi ln ( qi ) ≥ 0 .
i

179

i

.

C. B. Moss et al.

9
Z 
I ( Z1 , Z 2 ) = ∑ Z i1 ln  i1 
i =1
 Zi 2 

(4)

where I ( Z1 , Z 2 ) → 0 as Z i1 → Z i 2 ∀ i .
Similar information estimators have been used in economics, e.g. Finke’s [10] and Theil, Finke, and Flood’s
[11] re-estimations of Theil’s [12] demand system. Further refinements applied to demand systems include Theil
and Fiebig [13]; Thiel and Clements [14]; and Theil, Chung, and Seale [15]. In these cases, the objective was to
select parameter estimates that minimized the information divergence between parameterized expenditure shares
and observed shares. In the current context, the objective is to quantify and provide inference about the divergence between sets of observed employment shares in different regimes. In particular, we wish to know if development interventions have caused employment in the treatment group to diverge from employment in a comparison group representing traditional subsistence agriculture with limited forestry and non-agricultural opportunities.
To the authors’ knowledge, this represents the seminal application of information estimation to the question of
employment change in developing economies.
The null hypothesis that there is no statistically significant difference between the employment shares is formalized in H0: I ( Z1 , Z2 ) = 0 . To test this hypothesis, bootstrap techniques are used to construct a distribution for
I ( Z1 , Z 2 ) assuming H0 is correct. Hence, we start by drawing 15,000 draws of 2/3 of the sample from the con2
trol group ( Zi 2 k , j is a draw j = 1, , n observations from the original control sample group, k = 1, ,15000
3
times for employment opportunities i = 1, ,9 ) and calculating
2

n

Z 
1 3 
Ik =
Zi 2k , j
∑ Zi 2k × ln  Zi 2k  such that Zi 2k =
.
(5)
2 ∑
=i 1 =
 i2 
nj1
3
where Z i 2 k is the average of Zi 2 k , j for draw k. Repeating this random draw 2n/3 times allows computation of
a single observation k of the bootstrapped shares of employment, Z i 2 k [right equality in Equation (5)]. Repeating the bootstrapping 15,000 times results in a set of employment shares that are then used to compute a
measure of information based on the sample mean ( I k ) in the left equality of Equation (5). Sorting the I k in
ascending order and assigning each a likelihood value of 1/15,000 we construct an empirical cumulative density
function for the information measures which can be used for inference in much the same way we use the tabular
values for the normal distribution.
9

4. Data and Results
USAID commissioned a survey of 20 households in each of 20 villages in Tambacounda and Kedougou that included questions on the employment status of each household member [16]. The sample contains 2109 individuals with 726 individuals in the control group (villages not targeted by WulaNafaa) and 1381 individuals in the
WulaNafaa villages. Nine employment categories were defined: charcoal, baobab, lalo, jujube, fonio, livestock,
other agriculture, students, and unemployed. While most individuals report primary employment in a single industry, several report more than one primary industry. In these cases, we divide employment equally across reported primary industries.
The primary employment shares are presented in Table 1. The primary employment shares in “other agriculture” are noticeably lower in the treatment group than in the control group, as is employment in charcoal or as a
student. Treatment group employment shares in the Baobab and Lalo industries are larger than the comparison
group shares. These share differences are consistent with a situation in which the treatment villages are more
developed in terms of employment than are comparison villages. It remains to be seen if these shifts are statistically significant.
For the null hypothesis that employment shares are equal I ( Z1 , Z 2 ) = 0.1423 , the bootstrapped 1% significance level is 0.01547, so that the null hypothesis is rejected at any standard significance level. Extending our
framework slightly, we apply the information estimator I (ζ 1 , ζ 2 ) to the shares of type of employment (e.g.,
we aggregate the employment for each industry into part time, seasonal, full time, student, and unemployedsome individuals who work in the charcoal industry may be either part time, seasonal, or full time employees)
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(Table 2). This sample was slightly smaller than the original sample. It contained 1696 individuals. Of this total
632 individuals were from the control villages and 1,064 were from villages effected by WulaNafaa. Successful
development would be associated with lower unemployment and more full time work. The evidence suggests
that the number of full time employees increased by 1.2 percent (from 0.0697 to 0.0818). However, the results
also depict a slight increase in the rate of unemployment from 0.0507 to 0.0845 across the groups. The results
are somewhat complex. Overall the shares of people employed less than full time (i.e., part time plus seasonal)
is similar for each group (i.e., 53.6 percent for the control group versus 53.3 percent for the treatment group).
Comparing the sample in Table 1 with the sample in Table 2, the shares of unemployed for both groups and the
share of students is slightly higher in the second sample. The difference stems from whether the individual answered the employed individuals answered the question on employment status. Employed individuals who did
not answer this question were not included in the second sample while students and the unemployed were included. For the null hypothesis that employment shares by type are equal I (ζ 1 , ζ 2 ) = 0.02199 . Given that the
bootstrapped 1% significance level is 0.01394, the null hypothesis of no development difference is rejected at
any conventional level of significance.

5. Conclusions and Implications
Application of a novel information measure of employment patterns indicates that the treatment group-those
villages participating in WulaNafaa-have a significantly different employment patterns than similar control villages in Senegal. Treatment villages have a full-time employment is higher than that in control villages and the
employment shares in sustainable forest-resource based industries are significantly higher. However, baseline
data are not available and so these findings are associational and not causal.
The method and results lead to three conclusions: first, the information measure of employment status and
industry share divergence provides both economically and statistically relevant information on program success
and/or development status. Second, the WulaNaffa villages are associated with a higher and statistically distinct
Table 1. Employment shares for control and treatment groups.
Employment Shares
Industry
Control (Z1)

Treatment (Z2)

Charcoal

0.1593

0.0917

Baobab

0.1331

0.1935

Lalo

0.0342

0.1282

Jujube

0.0822

0.0758

Fonio

0.0450

0.0748

Livestock

0.0007

0.0042

Other Agriculture

0.2025

0.1352

Student

0.2989

0.2314

Unemployed

0.0441

0.0651

Table 2. Employment status for control and treatment groups.
Status

Control (ζ1)

Treatment (ζ2)

Part Time

0.3629

0.4051

Seasonal

0.1727

0.1278

Full Time

0.0697

0.0818

Student

0.3440

0.3008

Unemployed

0.0507

0.0845

Sample size: 1696 individuals with 632 in the control villages and 1064 in the treatment villages.
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development status, at least with respect to employment; third, it is worthwhile. In both cases, the differences are
consistent with the objectives of the program. The employment share in other agriculture is higher in the control
villages while employment in baobab fruit, and Lalo industries are higher in the treatment villages. Hence, there
is evidence that the programs increased employment in resource friendly industries and reduced employment in
Charcoal production which is considered extractive. While our theory does not explicitly suggest changes in
employment status, the results indicate that full time employment in the treatment villages increased ten-fold.
However, unlike the results for the industrial composition of employment, this result is considered preliminary
due to the presence of several missing values in the employment status of the WulaNafaa group. Additional
work on potential estimators including the possibility of resampling from the observed group to impute the
missing values is necessary to very these preliminary results.
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