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Introduction
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Agriculture has long been recognized as:

 a source of livelihood for the African poor rural households,

as well as the engine for economic growth in Africa.

 However, with the growing population and climate variability;

 it is being asked to intensify production from a shrinking natural resource base:

 to feed another three billion people over the next 50 years (ISS, 2010; WB, 2013). 

 Therefore, in this study, we consider policy reforms in agricultural sector as an important factor:

 to stimulate livelihood activities adjustments; and  

to self-sustain against food insecurity and poverty in rural areas.

 In our paper, we treat Land Use Consolidation (LUC) Policy  adopted in Rwanda, as:

 a Policy reform that can lead to rural livelihood activities adjustments; 

 adopted to increase land productivity and ensure future food security, and  

 adopted to ameliorate rural livelihood  and reduce poverty in the country.
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Background 

Policy Reforms and Rural Livelihoods Sustainability
HABYARIMANA J.B. |  NKUNZIMANA Th.|  

In Rwanda,

about 81 % of all households in the country depend on agriculture,

 rural areas accommodate nearly 83 % of all households in the country.

 and 87% of rural households depend on agriculture (NISR, 2014).

 In addition to this, the majority of those household practice subsistence agricultural, and

 development of market-oriented agriculture is still challenged buy different factors;

 which include the rapid population growth and land fragmentation, resulting in:

• low agriculture production,

•complexity when it comes to the adoption of new agricultural technologies,

• hindrance to implement agricultural intensification programs, and then

• impediment to agricultural development in the country.

 All these challenges have been the main barriers:

 to increase agricultural productivity and meet current and future food demand in Rwanda,

 in order to ensure current and future food security

 and to self-sustain against poverty in the country.
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Why investigate LUC in Rwanda
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 Different studies were undertaken and demonstrated the relationship between: 

 LUC and improvements in the production of food crops and food security, and 

LUC and poverty reduction. 

 However, there is not a study in the literature that tried

 to undertake an empirical and integrated study 

to characterize food security, income distribution,

 and predict the probability of satisfaction to LUC adoption among households.

 Doing so, this study tries to explore the following four questions:

 Do households in LUC have a good food security status compared to the estimated national food security status in the country?

 How are households in LUC reliant to market for food acquisition compared to estimated national average household’s reliance to Market?

 How household’s income from agriculture and the total households’ income are distributed among households in LUC?

 Among households that have adopted LUC, what are the determinants of household's level of satisfaction to LUC?
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Data used
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 In this study, we use the data set of survey conducted in 2013 for the study of:

 Land and use consolidation and poverty reduction in Rwanda

 This survey covered a sample of 742 households across all provinces in the country,

• from which, 84 households were not in LUC. 

 The survey was conducted basing on set of criteria, 

 representation of diverse agro ecological zones,

 inclusion of CIP priority crops, 

age of sites where LUC had been implemented, 

sites where LUC had been implemented the longest were prioritized, and 

 representation of all administrative provinces. 

However, for the purpose of analysis, we decided to only use households that were in LUC, and 

 the data set was deduced to 658 households that reported to be in LUC. 
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Methodology
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 Food Consumption Score (FCS) is computed for each household as a measure of household food 
consumption: 

FCS = astapleXstaple + apulseXpulse + avegXveg + afruitXfruit + aanimalXanimal + asugarXsugar + adairyXdairy + aoilXoil

 xi = number of days for each food group was consumed during the past 7 days; ai = Weight of each food group.  

 We use three cut-off points by WFP (2008) to approximate food security status among households in our sample:

 0 to 21 FCS "poor food consumption"; 
 21.5 to 35 FCS "borderline food consumption" ;  
 35 and higher FCS "acceptable food consumption". 

 Pooled OLS is mobilized to identify the level of magnitude LUC's outcomes affect food security at household level

E(YiXi) = o + 1Xi and                        ei
2 = e1

2 + e2
2 + e3

2 +.........+ en
2

 Where , using OLS, we want to minimize ei
2 “sum of squared error (SSE)”  

 to identify the level of magnitude LUC's outcomes affect food security at household level. 

 In our model, we consider FCS as function of (Household’s expenditure on food items, Household’s 
expenditure on other items, Crop yield and Extension Services)
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Methodology   (Cont’d)
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 Lorenz curve and Gini Index are used to find out how household’s income is distributed among households in LUC

 In our study we used formula of “Generalized Gini Index”

 Where Cov is the covariance between income levels y and the cumulative distribution of the same income F(y)
and is average income and v is the degree of inequality aversion. Therefore, in calculating Gini Index,
increasing v means focusing on inequality in a progressively lower fraction of the income distribution.

 To compare the G(v) computed on “income from agriculture” and that computed on “Household’s total income”:

 the degree of inequality aversion/Inequality Aversion Parameter was fixed at 2.85.

 Probit regression model is applied to identify and understand factors that determine a household's level of 
satisfaction when in LUC

 In our study we specifies that for Y (1 = Household is satisfied; 0 = Household is not satisfied),

 X stands for vector of explanatory variables, β stands for coefficients and ɛ stands for random errors

𝐺 𝑣 = −
𝑣

𝑦 
𝐶𝑜𝑣 𝑦, (1− 𝐹 𝑦 )𝑣−1  

𝑦  

𝑌 =  
1, 𝑌𝑖

∗ > 0

0, 𝑌𝑖
∗ ≤ 0

               and             𝑌∗ = 𝑋′𝛽 + 𝜀 
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Findings and discussion
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 The majority of households (about 84%) in LUC have acceptable food consumption score.

 Nearly 66% of all households have a food consumption score > 50):

 are concentrated far from the cut-point to the borderline food consumption,

 small change in factors contributing to household food consumption cannot cause significant changes
in the structure of household food consumption classification,

• Hence, food security is more sustainable among households which adopted the LUC.

Food Consumption

Poor
Borderli

ne Acceptable
Tot.

Province

North 8.88 9.81 81.31 100

South 3.37 26.97 69.66 100

East 2.70 4.05 93.24 100

West 4.00 10.40 85.60 100

Gender of the head 
of household

Male 5.24 9.74 85.02 100

Female 4.31 12.93 82.76 100

Marital status of 
the head of 
household

Married 5.17 9.34 85.49 100

Partner 0.00 16.00 84.00 100

Divorced/separated 7.14 7.14 85.71 100

Widow(er) 5.10 13.27 81.63 100

Never married 10.00 20.00 70.00 100

Membership to 
farmer organization 
or cooperative

No 5.14 8.00 86.86 100

Yes 5.07 11.21 83.72

100

Total 5.09 10.34 84.57 100
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Findings and discussion (Cont’d)
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 Households in LUC are more reliant to market for food acquisition,

 about 72% of food is acquired from the market.

Why this high market reliance to acquire food?

 LUC policy was implemented to support the implementation of
Crop Intensification Program,

 focusing on crop regionalization in accordance with agro-
ecological zones to ensure an increased land productivity.

• Promoting one crop in a given region could render
households in that specific region to become more
reliant to market to acquire the other food crop that
they are not or no longer producing.

• One of the underlying effects of the adoption of LUC
Policy is the increased market reliance by households to
acquire food

o causing food market dynamics and efficiency.

 However, any crop yield or production instability, food price volatility and
any food market separation across the country may render to tremendous
changes in:

 household’s income, and

 household's food security status among households in LUC.

72%

25%
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0.67%

0.53%

0.49%

0.48%
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Own production (crops,
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Food acquisition %
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Findings and discussion (Cont’d)
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 Model-3’s coefficients and elasticities
demonstrates that

 household's expenditures,

 crop yield, and

 extension services

• positively and significantly affect food
security among households in LUC;

Household's expenditure on other items
shows a negative effect on household food
security;

 because, expenditure on food items account
for a big share of households income.

 This study estimates elasticity (on household
food security) of:

 crop yield to be 46%;

extension services to be 26%; and

 expenditure on food items to be 13%.

Model-1

HH-Males Headed

Model - 2

HH-Females Headed

Model - 3

HH-Males & 

Females Headed

Food Consumption Score Coef. .ey/ex Coef. .ey/ex Coef. .ey/ex

HH's expenditure on food items 0.0004** 0.14 ** -0.001 -0.30 0.0003* 0.125*

HH's expenditure on other items -0.0002  * -0.24 * -0.002*** -0.996*** -0.0003** -0.266**

Household's total expenditure 0.0002  * 0.38  * 0.002*** 1.681*** 0.0003** 0.421**

Crop yield 12.417*** 0.47*** 8.004*** 0.381*** 11.748*** 0.462***

Extension Services 7.4912*** 0.25*** 5.461** 0.230*** 7.3382*** 0.258***

Number of obs 534.00 116.00 650.00

F (5, 645) 560.47 127.67 669.08

Prob > F 0.000 0.000 0.000

R-squared 0.840 0.859 0.838

Root MSE 30.919 25.464 30.363

Pooled OLS for Model-1, Model-2 and Model-3

HH stands for household, Coef. stands for Coefficient and ey/ex =
d(lny)/d(lnx) stands for elasticity. ***, **, * significant at 1%, 5% and 10%.
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Findings and discussion (Cont’d)
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 Household’s Income from agricultural production (compared to household’s total
income) is more inequitably distributed among households in LUC:

 This study estimates a Gini Index of 0.69 and 0.52 for the distribution of
household’s income from agricultural and household's total income respectively.

 Both Lorenz Curve and Gini Index show that adoption to LUC can be,

 the source of income distribution gap in the household's income from
the agricultural production but not in the household's total income.

What may be the causes of this?:

 High differences in land endowment among households that adopted LUC.

 nearly 53%, 23%, 7% and 17% of households are respectively endowed
with a land of less than 0.5Ha, 0.5 - 1.5 Ha, 1.5 - 2.5 Ha and more than 2.5
Ha.

 taking into consideration the LUC's multiplier effect of total factor of
production on each size of land,

 production would increase proportionally to the size of land endowed
by each household that adopted the LUC.

 households endowed with large land are the ones to get larger
production and more marketable surpluses :

• causing income differentiation among households adopted LUC.

 leading to income inequalities among households endowed with large farms
and those endowed with small farms
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Findings and discussion (Cont’d)
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Model-1 of households headed by males shows that

 "voluntary participation", "more crop yield", "the
right crop was picked", and “improved erosion
ditches"

• are variables that are positively significant to
predict household's satisfaction probability to
LUC adoption;

Model-2 of households headed by females shows that,

 "voluntary participation", "timely delivery of seeds
and fertilizers", "water harvest system", "environment
is now more better" and “improved erosion ditches"

• are positively significant to predict
household's satisfaction probability to LUC
adoption; and

Model-3, the overall probit model, shows that

 "voluntary participation", "more crop yield", "the
right crop was picked", and “improved erosion
ditches"

• are positively significant to predict
household's satisfaction probability to LUC
adoption.

Model-1 Mode-2 Model-3

Correlation Coef. dy/dx Coef. dy/dx Coef. dy/dx

LUC_1 -0.08 -0.469*** -0.094*** -1.160*** -0.225*** -0.569*** -0.120***

LUC_2 0.382 0.687*** 0.137*** 1.281** 0.249*** 0.722*** 0.152***

LUC_3 -0.029 -0.134 -0.027 0.538 0.105 -0.08 -0.017

LUC_4 0.612 1.895*** 0.379*** 0.647 0.126 1.694*** 0.356***

LUC_5 -0.356 -0.850*** -0.170*** -1.181*** -0.229*** -0.798*** -0.168***

LUC_6 0.051 -0.277* -0.055* -0.668** -0.130** -0.293** -0.062**

LUC_7 0.259 0.05 0.010 0.585* 0.114* 0.179 0.038

LUC_8 0.067 -0.391** -0.078** -0.848* -0.165** -0.398** -0.084**

LUC_9 0.195 -0.358* -0.072* -0.923* -0.179** -0.368** -0.077**

LUC_10 0.397 0.412* 0.083* 0.259 0.050 0.354 0.074*

LUC_11 0.351 -0.583* -0.117* 0.646 0.125 -0.397 -0.083

LUC_12 0.087 0.096 0.019 0.922* 0.179* 0.158 0.033

LUC_13 0.338 0.241 0.048 0.75 0.146 0.28 0.059

LUC_14 0.188 0.105 0.021 0.836* 0.162** 0.175 0.037

LUC_15 0.12 -0.012 -0.002 -0.301 -0.059 -0.028 -0.006

LUC_16 0.089 -0.149 -0.030 -0.488 -0.095 -0.203 -0.043

LUC_17 0.236 0.273 0.055 -0.730* -0.142* 0.089 0.019

LUC_18 0.117 -0.370* -0.074* -0.743* -0.144* -0.371** -0.078**

LUC_19 0.076 -0.125 -0.025 -0.014 -0.003 -0.085 -0.018

LUC_20 -0.007 -0.26 -0.052 -0.202 -0.039 -0.163 -0.034

LUC_21 0.196 0.341* 0.068* 0.893** 0.173** 0.378** 0.0794**

LUC_22 0.097 -0.067 -0.013 0.469 0.091 -0.028 -0.006

LUC_23 0.099 -0.104 -0.021 0.329 0.064 -0.059 -0.012

LUC_24 0.234 0.027 0.005 -0.071 -0.014 -0.054 -0.011

Number of obs 504 107 611

Wald chi2(24) 212.66 75.86 250.06

Prob > chi2 0.000 0.000 0.000

Log 

pseudolikelihoo

d -181.6 -37.42 -230.66

Probit regression model for determinants of household's 
level of satisfaction to LUC
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Findings and discussion (Cont’d)
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 We use the estimated probit models to predict the probability that
each household has to become satisfied with the adoption to LUC.

 the majority of households in LUC are more likely to be
satisfied with the adoption of LUC ( mean).

 a half of households headed by females has about 0. 83
probability and more of being satisfied with the adoption of LUC

 while a half of those headed by males has about 0.81 and
more probability of being satisfied by the adoption to LUC
(median).

 The majority of households (about 62%) in LUC are highly satisfied
with the adoption to LUC with a probability of satisfaction greater than
0.7.

 households headed by females are more satisfied than those
headed by males are;

and satisfaction variability is more predictable in households
headed by males than in those headed by females.

variable mean sd cv

skewn

ess

kurto

sis

Medi

an

HH headed by Males 0.659 0.336 0.509 -0.772 2.050 0.813

HH headed by females 0.711 0.308 0.433 -1.001 2.825 0.830

All Households 0.669 0.322 0.481 -0.838 2.210 0.809
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Conclusion
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 Using a dataset of 658 households that adopted Land Use Consolidation (LUC) from a survey was conducted in 2013, 

 this study undertook an integrated analysis and provided empirical evidence,

 to highlight LUC's challenges and opportunities to sustainable livelihood among rural household in Rwanda. 

 The main findings of this study show that:

 the majority of households (84%) in LUC have acceptable food consumption score with a sustainable food 
security status;  

 households in LUC are more reliant to market for food acquisition (75% of food is acquired from the market);

 LUC led to food market dynamic in Rwanda.

 Crop  Yield  elasticity (46%) highlights the importance of LUC as a conducive factor to sustainable food security.

 LUC's multiplier effect of total factor of production on each size of land shows that:

 households endowed with large land are those which get more production and more income from agriculture;

o this leading to income inequalities among households endowed with large farms and those endowed with small farms 

 "voluntary participation", "more crop yield", "the right crop was picked", and “improved erosion ditches" are 
positively significant to predict household's satisfaction probability to LUC adoption. 

 the majority of households (about 62%) in LUC are highly satisfied with the adoption of LUC with a probability of 
satisfaction higher than 0.7. 
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Policy implications
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 As long as the food security and the adoption of LUC policy are concerned:

 reliance to market can create options for food market dynamics and efficiency,

 but it requires a strong domestic market integration across the country,

• to avoid any food shortage in one region to another depending on crop each region is
specialized-in.

 any crop yield or production instability, food price volatility and any food market separation across the
country;

 may lead to tremendous changes in household’s income and household's food security status

 Considering the LUC's multiplier effect of total factor of production on each size of land ;

 LUC is still constrained by land fragmentation;

 to equitably increase income from agricultural among households in LUC.
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