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Background 
 

ÅLand has been 
commonly considered 
an abundant resource in 
Sub-Saharan Africa.  
 
ÅYet, household survey 
data consistently paint a 
contrasting picture in 
which half or more of 
Africaõs smallholder 
farms are below 1.5 
hectares in size. 
 
 



Land-to-person ratio (10 year average), selected countries 

  1960-69 1970-79 1980-89 1990-99 2000-09 2000-09 land-
person ratio as 
% of 1960-69 

Ethiopia 0.501 0.444 0.333 0.224 0.218 43.5% 

Zambia 0.643 0.607 0.398 0.342 0.297 46.2% 

Kenya 0.462 0.364 0.305 0.264 0.219 47.4% 

Uganda 0.655 0.569 0.509 0.416 0.349 53.3% 

Malawi 0.480 0.466 0.357 0.304 0.307 64.0% 

Zimbabwe 

Rwanda 

Mozambique 

Ghana 

Nigeria 
Source: FAO STAT (2010) 



Land-to-person ratio (10 year average), selected countries 

  1960-69 1970-79 1980-89 1990-99 2000-09 2000-09 land-
person ratio as 
% of 1960-69 

Ethiopia 0.501 0.444 0.333 0.224 0.218 43.5% 

Zambia 0.643 0.607 0.398 0.342 0.297 46.2% 

Kenya 0.462 0.364 0.305 0.264 0.219 47.4% 

Uganda 0.655 0.569 0.509 0.416 0.349 53.3% 

Malawi 0.480 0.466 0.357 0.304 0.307 64.0% 

Zimbabwe 0.613 0.550 0.452 0.420 0.469 76.5% 

Rwanda 0.212 0.213 0.195 0.186 0.174 82.1% 

Mozambique 0.356 0.337 0.320 0.314 0.294 82.6% 

Ghana 0.646 0.559 0.508 0.492 0.565 87.5% 

Nigeria 0.982 0.860 0.756 0.769 0.898 91.4% 

Source: FAO STAT (2010) 
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Distribution of farm sizes in  
smallholder farm sectors 
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Relationships between farm size and  
household income 
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Note: The vertical lines are drawn at 25th, 50th, and 75th percentiles of per capita land owned for each
country.  The top 5 percent of observations are excluded from the graphs because lines are sensitive to a
few extreme cases. 



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

  (A) 

0-0.99 ha  616,867 

1-1.99 ha  489,937  

2-4.99 ha 315,459  

5-9.99 ha  42,332 

10-20 ha 6,626  

Total 1,471,221 

Table 1: Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

% of  

Farms 

  (A) (B) 

0-0.99 ha  616,867 41.9% 

1-1.99 ha  489,937  33.3% 

2-4.99 ha 315,459  21.4% 

5-9.99 ha  42,332 2.9% 

10-20 ha 6,626  0.5% 

Total 1,471,221 100% 

Table 1: Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

% of  

Farms 

Annual mean during 

2005/06 to 2007/08 

baseline period (MT) 

  (A) (B) (C) 

0-0.99 ha  616,867 41.9% 212,335 

1-1.99 ha  489,937  33.3% 381,293 

2-4.99 ha 315,459  21.4% 490,102 

5-9.99 ha  42,332 2.9% 196,848 

10-20 ha 6,626  0.5% 103,156 

Total 1,471,221 100% 1,383,735 

Table 1: Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

% of  

Farms 

Annual mean during 

2005/06 to 2007/08 

baseline period (MT) 

2010/11 

(MT) 

  (A) (B) (C) (D) 

0-0.99 ha  616,867 41.9% 212,335 309,324 

1-1.99 ha  489,937  33.3% 381,293 707,438 

2-4.99 ha 315,459  21.4% 490,102 1,130,527 

5-9.99 ha  42,332 2.9% 196,848 494,719 

10-20 ha 6,626  0.5% 103,156 144,888 

Total 1,471,221 100% 1,383,735 2,786,896 

Table 1: Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

% of  

Farms 

Annual mean during 

2005/06 to 2007/08 

baseline period (MT) 

2010/11 

(MT) 

Absolute 

change (MT) 

(D-C) 

  (A) (B) (C) (D) (E) 

0-0.99 ha  616,867 41.9% 212,335 309,324 96,989 

1-1.99 ha  489,937  33.3% 381,293 707,438 326,145 

2-4.99 ha 315,459  21.4% 490,102 1,130,527 640,425 

5-9.99 ha  42,332 2.9% 196,848 494,719 297,871 

10-20 ha 6,626  0.5% 103,156 144,888 41,732 

Total 1,471,221 100% 1,383,735 2,786,896 1,403,161 

Table 1: Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  



Smallholder maize production growth from the baseline period 

(2005/06ï2007/08) to 2010/11, by farm size category 
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    Total smallholder maize production 

Total area 

cultivated 

(maize + all 

other 

crops) 

Average 

number 

of farms,  

2005/06 to   

2007/08,   

and 2010/11 

% of  

Farms 

Annual mean during 

2005/06 to 2007/08 

baseline period (MT) 

2010/11 

(MT) 

Absolute 

change (MT) 

(D-C) 

 Change  

per farm  

(kg per 

farm)  

(E*1000/A) 

  (A) (B) (C) (D) (E) (F) 

0-0.99 ha  616,867 41.9% 212,335 309,324 96,989 157.2 

1-1.99 ha  489,937  33.3% 381,293 707,438 326,145 665.7 

2-4.99 ha 315,459  21.4% 490,102 1,130,527 640,425 2,030.1 

5-9.99 ha  42,332 2.9% 196,848 494,719 297,871 7,036.6 

10-20 ha 6,626  0.5% 103,156 144,888 41,732 6,298.4 

Total 1,471,221 100% 1,383,735 2,786,896 1,403,161 953.7 

Sources: MACO/CSO Crop Forecast Surveys, 2005/06-2007/08, 2010/11  
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FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 
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Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms 

  (A) 

0-0.99 ha  596,334 

1-1.99 ha  499,026 

2-4.99 ha 354,116 

5-9.99 ha  49,410 

10-20 ha 6,999 

Total 1,505,885 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 
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Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms % of farms 

(B)   (A) 

0-0.99 ha  596,334 39.6% 

1-1.99 ha  499,026 33.1% 

2-4.99 ha 354,116 23.5% 

5-9.99 ha  49,410 3.3% 

10-20 ha 6,999 0.5% 

Total 1,505,885 100% 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 
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Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms % of farms 

(B) 

% of 

farmers 

receiving 

FISP 

fertilizer 

  (A) (C) 

0-0.99 ha  596,334 39.6% 14.3% 

1-1.99 ha  499,026 33.1% 30.6% 

2-4.99 ha 354,116 23.5% 45.1% 

5-9.99 ha  49,410 3.3% 58.5% 

10-20 ha 6,999 0.5% 52.6% 

Total 1,505,885 100% 28.6% 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 
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Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms % of farms 

(B) 

% of 

farmers 

receiving 

FISP 

fertilizer 

kg of FISP 

fertilizer 

received per 

farm 

household 

  (A) (C) (D) 

0-0.99 ha  596,334 39.6% 14.3% 24.1 

1-1.99 ha  499,026 33.1% 30.6% 69.3 

2-4.99 ha 354,116 23.5% 45.1% 139.7 

5-9.99 ha  49,410 3.3% 58.5% 309.7 

10-20 ha 6,999 0.5% 52.6% 345.6 

Total 1,505,885 100% 28.6% 77.1 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 
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Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms % of farms 

(B) 

% of 

farmers 

receiving 

FISP 

fertilizer 

kg of FISP 

fertilizer 

received per 

farm 

household 

% of 

farmers 

expecting 

to sell 

maize 

  (A) (C) (D) (E) 

0-0.99 ha  596,334 39.6% 14.3% 24.1 22.2 

1-1.99 ha  499,026 33.1% 30.6% 69.3 47.7 

2-4.99 ha 354,116 23.5% 45.1% 139.7 64.0 

5-9.99 ha  49,410 3.3% 58.5% 309.7 82.1 

10-20 ha 6,999 0.5% 52.6% 345.6 86.8 

Total 1,505,885 100% 28.6% 77.1 42.7 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



FISP fertiliser received (2010/11 crop season) and expected 

maize sales, 2011, by farm size category 

21 

Total area 

cultivated 

(maize + all 

other crops) 

Number of 

farms % of farms 

(B) 

% of 

farmers 

receiving 

FISP 

fertilizer 

kg of FISP 

fertilizer 

received per 

farm 

household 

% of 

farmers 

expecting 

to sell 

maize 

Expected  

maize sales 

(kg/farm 

household) 

  (A) (C) (D) (E) (F) 

0-0.99 ha  596,334 39.6% 14.3% 24.1 22.2 135 

1-1.99 ha  499,026 33.1% 30.6% 69.3 47.7 609 

2-4.99 ha 354,116 23.5% 45.1% 139.7 64.0 1,729 

5-9.99 ha  49,410 3.3% 58.5% 309.7 82.1 6,613 

10-20 ha 6,999 0.5% 52.6% 345.6 86.8 15,144 

Total 1,505,885 100% 28.6% 77.1 42.7 950 

Source: MACO/CSO Crop Forecast Survey, 2010/11 



Relationships between farm size and  
household income 
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Note: The vertical lines are drawn at 25th, 50th, and 75th percentiles of per capita land owned for each
country.  The top 5 percent of observations are excluded from the graphs because lines are sensitive to a
few extreme cases. 



Population density in Kenya  



Population density, Zambia  



What do we know? 
ÅIncreases in population density: 
Ådeclining labor productivity, decreased 

fallows,  landlessness,  and declining livestock 
tenancy. 

ÅInduced innovation/Boserupian 
intensification hypothesis:  
ÅLiterature by Malthus, 1798; Boserup, 1965; 

Binswanger and Ruttan, 1987; Pingali and 
Binswanger, 1988; Tiffen et al., 1994.  

ÅFarm households respond by searching for 
land-saving technologies such as fertilizer and 
hybrid seed to raise the returns to the scarce 
factor of production (land).  

ÅInput intensification farmers can raise land 
productivity, and maintain or raise labor 
productivity growth even in the context of 
rising labor/land factor proportions.  



Evolution of farming systems with increasing population 

density  
  

Forest fallow 

system 

Bush fallow 

system 

Short-fallow 

system 

Annual 

cultivation 

system 

Multiple 

cropping 

system 

Labor-land 

ratios (reflecting 

pop. density) 

  

low                                                                            high 

Land 

preparation 

no land 

preparation 

use of hoe to 

loosen soil 
plow 

animal-drawn 

plow 

animal drawn 

plow and 

tractor 

fertilization ash ash 
manure, green 

manure 

green manure, 

inorganic 

fertilizer 

inorganic 

fertilizer 

weeding minimal 

required as 

length of fallow 

decreases 

intensive 

weeding 

required 

intensive 

weeding 

required 

intensive 

weeding 

required 

 

Source:  condensed and adapted from Boserup (1965); Binswanger and Pingali (1988).  

 



Policy issues we are exploring in this study 

ÅLiterature has not considered what lies beyond the end of 
the Boserupian intensification story:  

ÅWhat is the appropriate and feasible smallholder -led 
agricultural strategies in the context of:  

Åland-constrained farming systems  

Ålimited off -farm employment opportunities to absorb redundant 
labor in densely populated rural areas  

ÅHave farm sizes become, òtoo smalló for a large 
proportion of households to generate broad -based 
inclusive agricultural growth even in response to price 
and other production incentives  

Ådepends on assumptions about farm technology advances  



Objectives of the study 

ÅTo understand the nature and magnitude of emerging 
land constraints in African agriculture.  

ÅTo estimate the impacts of increasing rural population 
density on smallholder behavior and welfare  

ÅTo consider the implications for structural transformation 
processes and policies built on them. 



Data sources 

ÅRural population data on national 
censuses carried out in 1969, 1979, 1989, 
1999, and 2009 by KNBS.  

ÅMore disaggregated data on rural 
population, land under agriculture, and 
unutilized land suitable for agriculture 
within 10 km 2 pixels from the Global 
Rural-Urban Mapping Project (GRUMP).  

ÅNationwide Egerton University/Tegemeo 
Institute rural household survey panel 
dataset  

Å1,146 small-scale farm hhs, 109 villages, 5 survey 
waves over 13-year period from 1997 to 2010. 



Rural population density, Kenya sample 

Population density quintiles 

1 2 3 4 5 

Population 

density 

range 
30-147 148-313 315-470 475-655 659-1135 



Methods 

ÅCorrelated random effects model: estimate a series of 
reduced form unobserved panel effects models  

ÅMundlak (1978) and Chamberlin (1984): rather than assuming the 
unobserved and observed explanatory variables are uncorrelated, 
we model the unobserved heterogeneity  

ÅDependent variables:  

Åland holding and area under crop;  

Åintensity of cash inputs use-- agricultural land intensification; and  

Åhousehold welfare indicator variables -- income and asset holding. 

ÅControl function approach  (Wooldridge 2010) to control 
and test for endogeneity of population density  

 



Results  Key Bivariate and Econometric 

Results 



Main bivariate results  

ÅNet outflow of adult labor highest in the 
relatively densely populated quintile  

ÅFallow area as % of total farm size is declining 
across all 5 population density quintiles  

ÅFamily labor per hectare cultivated is not rising 
over time 

ÅFarmers in high density areas are devoting a 
higher proportion of their land to high value 
crops 

ÅMost farm households derive only a minority of 
their incomes from off -farm employment  



Farm income shares by farm size, Mozambique, 

Zambia, Kenya 

Mozambique Zambia Kenya 

Farm size 

quintile 2002 2005 2004 2008 2004 2007 

1-low 65 37 77 50 61 57 

2 76 42 82 65 61 61 

3-mid 75 49 83 70 63 61 

4 75 52 84 71 63 63 

5-high 74 84 85 76 69 67 

Total 73 67 82 67 63 62 

Source: Mozambique TIA, Zambia CSO, and Kenya Tegemeo surveys. 



ÅOver half of the rural population lives in areas exceeding 
250 persons per square kilometre.  

ÅSurvey respondents were asked about landholding sizes 
of their fathers ð  

Å Relatively low density areas:  7.8 ha  (compared to 1.49 ha 
inherited by sampled household heads) 

Å Relatively high density areas:  4.4 ha  (compared to 0.89 ha 
inherited by sampled household heads) 

ÅYamano et al (2009) found that 24% of farm sample did 
not inherit land from their parents  

Å rural average likely to be higher to account for individuals not 
inheriting land and migrating to towns  

 



Results: Post estimation simulations  

Post estimation simulations 
from econometric results  
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(b) Area under crop
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(c) Intensity of cash input use per hectare
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(d) Intensity of fertilizer input use per hectare
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(e) Net farm income per hectare
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(f) Net farm income per adult equivalent
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(g) Household asset value per adult equivalent
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(h) Total household income per adult equivalent

 
 



Conclusions 
1. Some areas appear to be now beyond the Boserupian 

agricultural intensification thresholds:  

Åabout 14% of the Kenyan rural population lives in these areas (40% 
most densely populated areas). 

2. This is giving rise to substantially lower farm incomes 
and asset wealth per adult in rural areas.  

3. With farm sizes below 1.2 hectares on average in 
Kenyaõs high density rural areas, it is difficult to 
envision how:  

Åthe current generation of farm households will be able to subdivide 
their land among their children.  

Åmost people being born in rural areas will be able to engage in 
farming as a main source of livelihood when they become adults.  

 



Policy implications  
ÅResearch & Extension:  

Åredoubled public investment in the international and 
national agricultural research and extension systems 

Åfocus on new land-saving farm technologies and  

Åpractices appropriate for one-hectare farms or smaller 

ÅPhysical infrastructure and land markets:  

Åphysical infrastructure investment in the less populated 
arid and semi arid regionsð roads, irrigation.  

Åsecure property rights - land registration to improve 
land markets and rental markets (??)  

ÅAddress land inequalities:  
Åincentives for non-farming elites to release land to smallholders. 



Is a smallholder-led development strategy feasible?  

ÅThe structural transformation processes in Asia show that 

a smallholder -led agricultural strategy was necessary to 

rapidly reduce rural poverty - Johnston and Kilby (1975), 

Mellor (1976).  

ÅAn inclusive smallholder -led strategy is likely to provide 

the greatest potential to achieve economic growth with 

broad-based reductions in rural poverty in most of sub -

Saharan Africa as well. 

ÅBUT, it is not at all clear how such a smallholder-led 

agricultural strategy will be feasible given:  

Åvery small farm sizes;  

Ådependence on rain-fed production systems; and  

Åonly one growing season per year. 

 



Consequences of òdo nothingó option 

ÅInability of large % of rural population to participate in/ 
respond to agricultural growth opportunities.  

ÅPossible civil instability?  

ÅUnviable rural livelihoods contributes to rural -urban 
migration and the myriad problems associated with 
rapid urbanization:  
Årise of urban slums, poor sanitation, health crises unemployment, 

etc.  

ÅFeasibility of dealing with rural poverty without dealing 
agriculture?  

ÅOff -farm employment opportunities?  Where would the 
demand come from?  



Questions & comments 


