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Farmfragmentation,in whicha householdoperatesmore than one separateparcelof
land, is a commonphenomenonin Sub-SaharanAfrica.Concernedby the perceived
costsof fragmentedas opposedto consolidatedholdings,severalcountrieshaveimpleoverlookthe benefitsthat
mentedlandconsolidationprograms.But theseintewventions
landfragmentationcanofferfarmersin managingrisk, in overcomingseasonallabor
bottlenecks,and in bettermatchingsoil types with necessaryfood crops. Thisarticle
useshouseholddatafrom Ghanaand Rwandato discussthe incidenceand causesof
fragmentation.It then formally tests the relationbetweenfragmentationand land
productivityand risk reduction.The conclusionis that consolidationprogramsare
unlikelyto lead to significantincreasesin land productivityand may actuallymake
farmersworseoff. Policymakersshouldfocus insteadon reducingthe root causesof
in land,labor,credit,andfood markets.
fragmentation:inefficiencies

The existence of fragmented landholdings is an important feature in lessdeveloped agricultural systems. The costs of fragmentation include increased
traveling time between fields (hence lower labor productivity and higher transport costs for inputs and outputs), negative externalities (such as reduced scope
for irrigation and soil conserving investments as well as the loss of land for
boundaries and access routes), and greater potential for disputes between neighbors. In light of these costs numerous land reform policies have been aimed at
enforcing, or at least subsidizing, the consolidation of holdings. These policies
are premised on the assumption that fragmentation is necessarily inefficient and
that agricultural production and social welfare can be increased through land
consolidation.
Such policies have already been tried in some African countries (for example,
Kenya and Tanzania) and are now being considered by others (for example,
Rwanda). Yetlittle is really known about the incidence of farm fragmentation in
Sub-Saharan Africa by region and farm type and about its origins, causes, and
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impact on land productivity. Although there are negative aspects to farm fragmentation, there are also reasons why it may be beneficial to farmers (such as
reducing risk, easing seasonal labor bottlenecks, and enhancing household-level
food security). In fact some degree of farm fragmentation may be desirable and
might best be viewed as a rational response by farmers to the economic and
institutional environment in which they live. If so, attempts to consolidate holdings beyond some optimal degree could actually reduce farm productivity, and
interventions should be focused instead on those features of the rural economy
that create the need for fragmentation in the first place.
This article examines the circumstances under which farm fragmentation may
be economic to farmers, especially in Sub-Saharan Africa, and relates these
circumstances to prevailing conditions in selected regions in Ghana and
Rwanda. Available survey data are then used to test the relations among farm
fragmentation, and land productivity and risk management.
I.

EXPLANATIONS

OF FRAGMENTATION

The explanations of land fragmentation offered in the literature fall into two
broad categories (McPherson 1982; Bentley 1987). The first treats fragmentation as an exogenous imposition on farmers and consists of what we shall call
"supply-side" explanations. The second views fragmentation as primarily a
choice variable for farmers and can therefore be described as "demand-side"
explanations. Supply-side explanations invariably conclude that fragmentation
has adverse effects on agricultural production. Demand-side explanations presume that farmers will, given free choice, choose levels of fragmentation that are
beneficial. Imperfections in factor or commodity markets play a key role in both
types of arguments.
Supply-Side Explanations
Several forces have been widely cited as causing or contributing to involuntary
fragmentation. The most frequently cited are partible inheritance and population pressure resulting in land scarcity (Anthony and others 1979; Binns 1950;
Holmberg and Dobyns 1969; Hyodo 1963; Leibenstein 1957; Thirsk 1964;
Wolf 1966; World Bank 1978). Many authors argue that partible inheritance
logically leads to fragmentation when farmers desire to provide each of several
heirs with land of similar quality. Likewise extreme land scarcity may lead to
fragmentation as farmers in quest of additional land will tend to accept any
available parcel of land within reasonable distance of their house (Farmer 1960).
These factors explain why a young farmer might begin with a fragmented
holding. However, as McCloskey (1975) points out, they do not explain the
persistence of fragmentation in the face of economic incentives for consolidation. Such persistence indicates significant imperfections in the land market.
Some economists (for example, Bauer and Yamey 1957; Lipton 1968; Sargent
1952) claim that land markets themselves are highly fragmented, with few will-
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ing sellers. Dorner (1977) cites multiple interests over parcels as restricting the
potential supply of land, because unanimous agreement to sell is difficult to
achieve. McKinnon (1973) stresses incomplete credit markets and the resulting
inability of many farmers to finance land acquisitions.
Another supply-side factor is the breakdown of common property systems
under the pressure of population growth. This breakdown has led to increased
fragmentation in, for example, Kenya (King 1977) and eastern Nigeria (Udo
1965). A number of authors have demonstrated that fragmentation in certain
areas is a consequence of egalitarian objectives on the part of the communal
authority (Dahlman 1980; Georgescu-Roegen 1969; Grigg 1970; Quiggin
1988). State laws that restrict land transactions also limit possibilities for land
consolidation. Finally, nature itself may limit the boundaries of arable parcels
(for example, waterways and wastelands) so that expansion of farm size requires
the acquisition of separate pieces of land.
The supply-side explanations, while plausible, are not sufficient to explain
fragmentation in all the areas in which it is found. First, even where land
markets afford farmers opportunities for consolidation, fragmentation persists
(see section III). Second, fragmentation has developed in the absence of land
scarcity (for example, in areas of Kenya, Zambia, and The Gambia [McPherson
1982]). Third, ancestors continue to bestow heirs with scattered holdings, a
practice that would seemingly be halted if fragmentation was largely detrimental
(Douglass 1969; Leach 1968). The argument that partible inheritance is designed for equity reasons runs into difficulty when it is observed that subdivision
and fragmentation levels are eventually "checked" after reaching specific levels
(noted in India by Hopper 1965, in Mexico by Downing 1977, and in Sri Lanka
by Leach 1968). These examples suggest that other factors may be important in
explaining fragmentation.
Demand-Side Explanations
Demand-side explanations of farm fragmentation presume that the private
benefits of fragmentation exceed its private costs. That fragmentation might
benefit farmers follows from the realization that land is not homogenous. Parcels differ with respect to soil type, water retention capability, slope, altitude,
and agroclimatic location. Recognizing this, Buck (1964) and Johnson and Barlowe (1954) were among the first to note that by operating parcels in different
locations, farmers are able to reduce the variance of total output and hence final
consumption. This is partly because the scattering of parcels reduces the risk of
total loss from flood, drought, fire, and other perils and also because farmers
can more efficiently diversify their cropping mixtures across different growing
conditions. Other risk-spreading mechanisms, such as insurance, storage, or
credit, also reduce variations in household consumption. Therefore fragmentation for risk reduction should persist only if these alternatives are either not
available or are more costly (Carter and Matlon nd; Charlesworth 1983; Fenoaltea 1976 ; Hyodo 1963; Ilbery 1984; McCloskey 1976; Thompson 1963).

Table 1. Characteristics of Regions Studied for the Economics of Fragmentation, 1987-88.
Population
density
(persons/
square
kilometer)
384
30
20

Sampled
households

Households
with nonfarm income
(percent)

Median
farm size
(hectares)

Median
number of
parcels

Mean value
of Simpson
index

Median
household
size

115
150
158

89.6
69.3
30.4

0.26
13.24
2.57

5
5
1

0.64
0.62
0.23

7
7
6

Rwanda
Ruhengeri
Northcentral
367
72
Butare
Southcentral
342
80
Gitarama
Central
279
80
Source: Authors' calculations basedon WorldBanksurveydata.

47.2
25.0
25.0

0.70
0.91
0.83

7
7
5

0.69
0.62
0.54

5
6
6

Region

Location

Ghana
Anloga
Wassa
Ejura

Southeast
Southwest
Central
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Another explanation for fragmentation was developed by Fenoaltea (1976)
for medieval England. He argued that because of transaction costs in labor
markets, the scattering of parcels enabled farmers to better fulfill their seasonal
labor requirements and consequently to obtain higher yields. If the labor market
does not work at all, labor supply is fixed by household size, and the need for
temporally spreading labor requirements is great. Even if labor markets exist,
the costs of supervision may induce farmers to scatter parcels and supervise a
small number of workers at a time, rather than watch over a large number of
hired workers on a consolidated holding at peak periods. This approach is most
effective when different types of land are suitable for different crops (hence,
when fragmentation facilitates diversification) or when different parcels of land
offer sufficient diversity in climatic conditions that the same crop can be staggered over a wider range of planting dates.
Commodity market failures may also cause fragmentation to have a positive
impact on productivity. When such failures occur, a subsistence mode may be
adopted in which several products are raised for household consumption, rather
than purchased with the proceeds of cash crop sales. If different land types or
ecozones are suitable for cultivating different crops, then the required diversity
can best be obtained from a fragmented landholding (Netting 1972). Because
this argument assumes that all of the products required can be produced by a
single household, and hence within a single village, trade within the village must
also be more costly than land fragmentation. This seems most likely to happen
when there is considerable uncertainty about relative price movements, especially for important foods. Farmers will not want to specialize in less essential
foods if there is a real risk that they cannot procure sufficient amounts of
essential foods through trade. These price risks can be particularly real in Africa,
given that the risk-pooling effects of interregional trade are hindered by poor
infrastructure and marketing systems.
Farmers might also want fragmented holdings if, holding farm size constant,
there are diseconomies of scale with respect to the size of individual parcels.
Where this phenomenon occurs, however, it probably reflects malfunctioning
labor markets; farmers are unable to procure adequate labor to meet seasonal
peaks in the requirements for large parcels.
II.

EVIDENCE OF FRAGMENTATION

Data on fragmentation were obtained from three regions in Ghana and
Rwanda as part of a larger study of land rights in Sub-Saharan Africa (MigotAdholla and others 1991). Nearly 150 households were surveyed in each of the
Ghanaian regions and about 80 in each of the Rwandan areas (table 1). The
data were collected between 1987 and 1988 and included characteristics of the
household (such as age, education, and occupation of all individuals; number of
regular workers; nonfarm income; wealth; and use of credit), characteristics of
the household head (such as farming experience, place of birth, and local offices
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held), characteristics of the farm (such as size and number of parcels), and
characteristics of each parcel (such as mode of acquisition, soil fertility, distance
from house, topography, size, rights of transfer and use, land improvements
made, crops grown, and inputs and output in the past season).
In measuring fragmentation, we primarily use the Simpson index, defined as
1 - Z2Ai/A2, where Ai is the area of the ith plot and A = >i Ai is the total farm
area. A value of zero indicates complete land consolidation (one parcel only),
while the value of one is approached by holdings of numerous parcels of equal
size. However, because the Simpson index is sensitive to dispersion in the size of
the parcels as well as to their number, we also use the number of parcels as an
alternative fragmentation measure. Values for the Simpson index and number of
parcels are for individual farms. To look at farm fragmentation in a region, a
frequency distribution is constructed of the percentage of farms at different
levels of the indicators.
Ghana
The regions in Ghana for which we have data include Anloga, a coastal strip
in the southeast; Ejura, a savanna area in the center; and Wassa, a forest region
in the southwest. The Anloga region has a very high population density (384
persons per square kilometer), which is unusually high for Ghana. The other
two regions are much more land-abundant, with densities of around 25. Subtle
differences in topography or altitude within the three regions can have a measurable impact on cropping strategies. For instance the Anloga region has the least
ecological diversity, yet location, such as proximity to lagoons, is important
because it is related to the risk of flooding. The Anloga area is predominantly a
shallot-growing area, with only minor areas devoted to other crops. Cocoa
predominates in the Wassa area, even though the land is only marginally suitable
for cocoa. In Ejura farmers produce a variety of food crops along with groundnuts, and, unlike all the other study regions, many cultural operations are
tractorized.
The evidence reported in table 2 indicates that farm holdings in Anloga are
highly fragmented. The median number of parcels is 5.0, and the median value
of the Simpson index is 0.7. The parcels are, however, generally located close
enough to the house to be readily serviced by the household; the average distance is 1.2 kilometers. Greater fragmentation does not result in greater average
distances for farmers; the correlation between the Simpson index and the average distance to a parcel is -0.091 (significant at only the 17 percent confidence
level), indicating that, if anything, parcels on more fragmented farms are generally closer to the homestead.
For the Wassa region the median number of parcels per farm is 5.0, and the
median value of the Simpson index is 0.66. Farmers must travel 1.8 kilometers
on average to reach their parcels. Again the average distance to parcels (across
households) is not significantly related to the Simpson index of fragmentation
(the correlation of 0.059 is only significant at a level of 0.24). The average
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distance to parcels is lower for migrant farmers than for indigenous farmers (1.3
versus 2.3 kilometers, respectively) because migrants typically acquire land before building a dwelling, whereas indigenous farmers are more likely first to
become established in an existing dwelling or settlement and then to acquire
land. Farms managed by migrants are not significantly different from those
managed by indigenous farmers with respect to the number of parcels or the
Simpson index.
Fragmentation is not as prevalent in Ejura. Table 2 shows that more than 50
percent of farmers operate only one parcel, while 94.4 percent operate three or
fewer parcels. The Simpson index is correspondingly low. For 84 consolidated
farms the index value is zero. For multiple-parcel farms the index is below 0.55
in most cases and has a maximum of 0.75. The mean value is 0.23. The distance
to parcels is greater in Ejura. More than 20 percent of farmers must travel an
average of 4.7 kilometers or more to reach their parcels. This is not a problem
specific to fragmented farms; similar distances must be traveled to parcels on
consolidated and fragmented holdings. The correlation between average distance and number of parcels is 0.002, implying virtual independence of the two
variables.

Table 2. Fragmentation of Operated Land in Three Regions in Ghana,
1987-88
(percentage of households)
Measure of dispersion

Anloga

Wassa

Ejura

Simpson index
0-0.5
0.5-0.7
0.7-0.8
Over 0.8
Mean*
Median*

20.9
27.0
30.4
21.7
0.64
0.71

20.7
43.3
28.0
8.0
0.62
0.66

87.3
9.5
3.2
0.0
0.23
0.00

Number of parcels
1
2-3
4-5
6-7
8 or more
Mean*
Median 5

2.6
25.2
27.0
22.6
22.6
5.67
5.00

0.0
11.3
43.3
33.3
12.0
5.52
5.00

53.2
41.2
4.4
1.3
0.0
1.70
1.00

13.9
32.2
25.2
15.7
13.0
1.21
1.10

15.3
23.3
16.0
14.0
31.3
1.80
1.50

1.3
7.6
6.3
12.7
72.2
3.57
3.00

Average distance to parcel (kilometers)
0-0.5
0.5-1

1-1.5
1.5-2
Over 2
Mean*
Median*

*Expressed in relevant units, not percentages.
Source: Authors' calculations based on World Bank survey data.
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Table 3. Fragmentation of Operated Land in Three Prefectures in Rwanda,
1987-88
(percentage of households)
Measure of dispersion

Pooled

Rubengeri

Butare

Gitarama

Simpson index
0-0.2
0.2-0.4
0.4-0.6
0.6-0.8
0.8-1.0
Mean*
Median*

7.3
10.3
21.1
35.8
25.4
0.61
0.66

2.8
5.6
12.5
44.4
34.7
0.69
0.75

7.5
10.0
20.0
41.3
21.3
0.62
0.66

11.3
15.0
30.0
22.5
21.3
0.54
0.57

Number of parcels
1-2
3-4
5-7
8-10
Over 10
Mean'
Median*

9.5
22.4
27.6
22.4
18.1
7.1
6.0

8.3
19.3
27.8
25.0
19.4
7.7
7.0

2.5
18.8
30.0
27.5
21.3
7.9
7.0

17.5
28.8
25.0
15.0
13.8
5.9
5.0

Topographical dispersiona
Zero
0-0.2
0.2-0.3
0.3-0.4
0.4-0.5
Over 0.5
Mean*
Median*

25.4
22.4
12.9
11.6
14.6
13.4
0.24
0.22

38.9
9.7
8.3
12.5
12.5
18.1
0.25
0.23

6.3
37.5
16.3
15.0
12.5
12.5
0.26
0.23

32.5
18.8
13.8
7.5
17.5
10.0
0.21
0.17

Average distance (minutes)b
0-3
3-6
6-9
9-15
Over 15
Mean*
Median*

22.4
16.8
20.3
21.1
19.4
9.8
7.5

11.1
15.3
20.8
30.6
22.2
10.9
10.0

16.3
21.3
20.0
26.3
16.3
9.6
7.9

38.8
13.8
20.0
7.5
20.0
9.1
5.4

*Expressed in relevant units, not percentages.
a. An index similar to the Simpson index is used to measure topographical dispersion. The measure is
1 - [ftji/A2], where t, is the area of land located in topographical location i, and A is the total farm area.
The index is equal to zero when all land is located in a single topographical location.
b. We use time rather than kilometers because this is a more meaningful measure, given the steep, hilly
terrain.
Source: Authors' calculations based on World Bank survey data.
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The Simpson index is positively correlated with farm size in Anloga (0.305)
but is unrelated to farm size in Wassa and Ejura. In all three regions, a higher
level of fragmentation is associated with lower average parcel sizes.
Rwanda
Rwanda has one of the highest population densities in Sub-Saharan Africa
(445 inhabitants per square kilometer of arable land in 1986), as well as one of
the highest population growth rates -(3.6 percent a year between 1978 and
1986). The ratio of population to total land is high in each of the three study
prefectures: Ruhengeri, Butare, and Gitarama. Pressure on existing farmland is
made worse by the lack of new land available for agriculture and the lack of offfarm opportunities. The microecological variation of land across Rwanda is
tremendous. It is a country dotted with steep hills, where altitudes and slopes
change dramatically within shouting distance. A wide variety of crops is grown
in each prefecture as well as on most individual farms. The common crops are
coffee, sorghum, beans, bananas, sweet potatoes, groundnuts, maize, and Irish
potatoes.
The first block of table 3 shows the distribution of the Simpson index for
operated parcels by prefecture. Holdings are most fragmented in Ruhengeri and
least in Gitarama. Fragmentation declines with farm size; the correlation is
statistically significant at -0.201. Gitarama farms typically have fewer parcels
than those in Ruhengeri or Butare. This is easily explained by the higher incidence of paysannat farms (settlement schemes farms), which consist of one
parcel. Farms are also less dispersed topographically than spatially in all three
prefectures. This indicates that farmers operate separate parcels in similar topographical locations, a practice that is most prevalent in Ruhengeri and Gitarama
but relatively rare in Butare. The average distance, measured in minutes, between the house and the operated parcels is lowest in Gitarama and highest in
Ruhengeri. For the median farm a household member must travel 5.4 minutes to
reach a parcel in Gitarama, as opposed to 7.9 minutes in Butare and 10.0
minutes in Ruhengeri.
III. CAUSESOF FRAGMENTATION
IN GHANAAND RWANDA
Based on our review in section I, we would expect fragmentation in areas of
low population density to be driven primarily by demand. Demand in these
areas, while originating from imperfections in the credit, labor, or food markets,
will depend on the extent of soil and agroclimatic diversity within the community and hence on the possibilities for staggering labor tasks and diversifyinginto
different crops. In regions where land is scarce, however, supply-side factors are
likely also to come into play, especially where land markets are too limited to
permit desired levels of farm consolidation. Other things being equal, we would
therefore expect fragmentation to be greater in more highly populated regions.
Our regional data confirm a positive relation between population density and
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the Simpson index of farm fragmentation (table 1). Wassa, in Ghana, is the
exception: even though it has a low population density similar to that of Ejura,
also in Ghana, the level of fragmentation is comparable with regions with more
than 10 times its population density. Fragmentation in Wassa, however, is
largely determined by the scarcity of good cocoa land. Farmers generally seek
level areas to establish cocoa parcels, and these areas tend to be small and
separated by numerous hills and waterways.
A positive relation between population density and fragmentation does not in
itself prove that fragmentation is predominantly driven by supply. It is also
necessary to show that land markets fail. This is difficult to verify, given the
available data, but some inferences are possible. Land market transactions account for less than half of all parcel acquisitions in our study regions in Rwanda
and less than one-third of those in Ghana. Land purchases are particularly
rare-except in Ruhengeri (in Rwanda) and Wassa (in Ghana), where they account for about 18 percent of all parcel acquisitions-and they seem to be
unrelated to population density. Conversely, temporary land transfers (renting
and borrowing) are more common in the more highly populated regions, although relatively rare in the regions with low population densities. One would
expect these temporary transactions to provide considerable scope for farmers to
consolidate their operated holdings, even if the possibilities for permanent consolidation of owned land are more limited.
But are temporary land transactions used to consolidate operated holdings,
especially in the more densely populated areas? We do not have enough data to
explore this question for Ghana. In Rwanda, however, apart from a small
percentage of large farms that only lease out (rent or lend) land, all households
that lease land actually increase the average fragmentation of their operated
holdings and the average distance that they must travel to their plots. This is true
even of the 14 percent of farmers who "swap" parcels through simultaneous
leasing arrangements. Although one should expect smaller farms to lease any
available piece of land in a land-scarce situation, the fact that parcel "swapping"
is also used to increase fragmentation suggests there may be significant demand
for fragmentation in Rwanda. We cannot therefore conclude that fragmentation
is a predominantly supply-driven phenomenon in these highly populated areas.
If farm fragmentation in the highly populated study regions is not purely
driven by supply, then we should not necessarily expect it to reduce the average
productivity of land. Moreover the effect on productivity will depend on the
degree of heterogeneity in soil and agroclimatic conditions, and hence the possibilities for efficient crop diversification or the staggering of labor tasks.
Because Anloga and Wassa, in Ghana, are primarily monocrop regions, the
advantages of fragmentation are likely more modest there. Nevertheless in Anloga topographical location, soil fertility, and soil moisture retention vary
slightly, and, while in dry periods the depressed areas perform relatively better,
in wet periods they are more susceptible to flooding. By operating parcels in
areas of low and high flood risk, farmers can reduce the likelihood of a complete
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disaster as well as contain the variability in total farm yields. The Wassa region
is characterized by rolling hills so that spatial separation of flat parcels may
mitigate the risks of severe crop failure caused by pests or disease.
Ejura, however, has a wide range of soil types that facilitate efficient crop
diversification. The survey data show that fragmented farms have more diversified cropping patterns than do consolidated farms. Land is also relatively
abundant in Ejura, and, with its low population density there is little reason to
expect that fragmentation is supply-induced. Given the widespread use of tractors in the region, however, we expect the demand for fragmentation to be
muted by likely economies of scale in parcel size.
In Rwanda the extensive soil and agroclimatic diversity suggests that fragmentation would offer considerable scope for diversifying crops and staggering planting dates. These advantages may explain why even those farmers who "swap"
land through simultaneous leasing arrangements have farms that become more
fragmented. Such arrangements may also significantly cushion any efficiency
losses arising from supply-induced fragmentation.
In conclusion, there are a priori grounds for expecting that farm fragmentation is driven by demand as well as supply factors in five of the six study regions.
Fragmentation in Ejura, which, as shown in table 2, is not widespread, is likely
to be largely a demand-driven phenomenon.
IV. AN

ECONOMETRIC MODEL

The measurement of the effect of fragmentation on land productivity requires
the formulation of an appropriate econometric model. There are three types of
household decision variables of interest: the level of farm fragmentation, F; the
parcel-level use of direct inputs, Li; and the current stock of land improvements
on each parcel, Ii. These variables, together with other shifter variables, determine parcel yield, Yi, in the following structural model:
(1)

Yi= f(Li, Ii, F, X 1

(2)

Li = f(Ii, F, X 1I,

(3)
(4)

tOnn

i, X 2 , X 3 )

i

X 2 , X3 )

i =1 to n

Ii = f(F, X1 i, X 2 , X 3 , Ii,t-

1)

i

=

=

to n

F = f(X 2 , X 3 )

where X1 i denotes a set of parcel-specific characteristics, such as distance from
house, parcel size, soil quality, and land rights; X2 is a set of household-specific
characteristics, such as family size, wealth, education, risk aversion, farm size,
and fragmentation at inheritance; and X 3 is a set of village dummies to capture
the effects of prices, the efficiency of local land, labor, credit, and food markets,
and the available agroclimatic diversity. Subscript i indicates a particular parcel,
and there are n parcels.
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The yield of each parcel is determined in equation 1 by the use of direct
inputs; the current stock of land improvements; the level of farm fragmentation;
and parcel, household, and village dummies. Equations 2 and 3 determine the
level of direct inputs used on, and the current stock of land improvements made
to, the ith parcel, respectively.Both are determined by the level of farm fragmentation, as well as by relevant parcel, household, and village variables, including
land improvements that have previously been made (It-i)Unlike equations 1 to 3, farm fragmentation is determined in equation 4 at the
household rather than the parcel level. In keeping with our earlier discussion, we
postulate that farm fragmentation depends on household (X2 ) and village (X 3 )
variables. Because fragmentation is either exogenously determined by "supplyside" factors or is a choice variable that predetermines the selection of specific
parcels of land, the level of farm fragmentation enters the model as a predetermined variable (that is, in a recursive manner).
In this model fragmentation has direct and indirect effects on yields. It affects
yields indirectly through the choice of input levels and land improvements. It
also affects yields directly in equation 1 as might arise, for example, from lost
output caused by theft or animal destruction, or from additional output as a
result of superior matching of soils and crop types.
Because equation 4 does not include the current values of Yi, Li, or Ii, the
model can be written in semi-reduced form. We are specifically interested in the
semi-reduced form of the yield equation:
(S)

yi = f(Xli,

X2,

X3,

F)

i = 1 to n.

In this equation the farm fragmentation variable captures both the direct and
indirect effects of fragmentation on yields.
Fragmentation is assumed to be predetermined before yields in the model.
However, the estimated coefficient on the fragmentation variable in equation 5
will be biased if there are unobserved variables influencing both the level of
fragmentation and current yields (for example, farmer skill). In order to overcome this difficulty, the appropriate estimation procedure is to first estimate
equation 4 to obtain a fitted value for fragmentation (F), and then to replace the
actual values of farm fragmentation in equation 5 with the fitted values. This
will give a consistent and unbiased estimate of both the direct and indirect effects
of fragmentation on yield.
To estimate the fitted value for fragmentation, the following household-level
model was used:
(6)

Fj = blZj + b2 Vk + e§

where Fj is either the number of parcels or the Simpson index; Z, is a vector of
explanatory variables comprising the gender and formal education of the household head, whether the household head is migrant or native, the number of years
the household head has farmed, inherited wealth, inherited farm size, and either
the number of inherited parcels or the Simpson index measured on inherited
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parcels; Vk is a binary variable indicating the location in the village k; b, and b2
are vectors of coefficients to be estimated; and e, is an error term. Because the
Simpson index is bounded by zero and one, it is necessary to use truncation
models to estimate equation 6. This problem does not arise when using the
number of parcels as the measure of fragmentation because it is an unbounded
variable.
Although these regressions will produce fitted values of fragmentation that are
uncorrelated with the error term of equation 5, their usefulness depends on their
correlation with the observed values of fragmentation. Fortunately, the correlations between the fitted and actual values of fragmentation were greater than 0.5
in all regions, and the explanatory power of the regressions was high. The
following variables are consistently significant in all the regressions: inherited
farm size (negatively related to fragmentation), the fragmentation of the inherited holding (positively related to fragmentation), and locational variables
(mixed signs). The first two lend some support to supply-side arguments for
fragmentation, whereas the latter could reflect supply- or demand-side factors.
The semi-reduced-form yield equation to be estimated was specialized to the
following exponential functional form for parcel i of household j, located in
village k:
(7)

log Yij= aVk + 1 logX
0ij 1

+ 2 log X 2j + f3 3 . +

+ ei,

where, in addition to previously defined variables, t,j is a household random
effect satisfying E(iuj) = 0, E(d)

= a, and is independent across households,

and eij is an error term. A random effects specification is used to allow for
unobserved household effects when combining data for several parcels from
each household.1
Multiple crops are often produced on a single parcel, and the corresponding
areas devoted to each crop are not known. In order to aggregate yields of
different crops, median prices are used so that the dependent variable is the
value of crop output per hectare. The inclusion of multiple crops presents an
additional problem. Some of the independent variables may have different effects on yields, depending on the cropping pattern. One can allow for varying
effects in two ways. The first is to make separate regressions for each cropping
pattern. Unfortunately, this procedure gives relatively small sample sizes (so that
controlling for unobservable household effects is problematic) and, by giving
crop-specific coefficients for all the independent variables, makes it difficult to

1. Because fitted values are used for F,, these values will not be correlated with A.. However, it is
possible that pi, might be correlated with other parcel or household-specific variables, in which case the
coefficients on some of those variables would be biased. This problem can be mitigated by using a fixed
rather than a random effects specification. However, because F. would then have to be dropped from the
equation (it takes on the same value for all parcels operated by the jth household), we could not use this
approach. This means that caution is required in interpreting coefficients on variables other than F that
might be thought of as choice variables.
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Table 4. Selected Results from Parcel Yield Regressions for Three Regions
in Ghana, 1987-88
Variable
Anloga
Distance
Parcel size
Farm size
Simpson index
(Number of parcels)a
F-value
R2

Estimate
0.056
-0.171
0.112

t-statistic
2.02
-5.48
0.87

0.771
(0.043)
2123.0*##<
0.91

1.13
(1.18)
n.a.
n.a.

Wassa
Distance-cocoa
Distance-cocoa
and maize
Distance-cocoa
and plantain
Distance-cocoa
and kola
Parcel size-cocoa
Parcel size-cocoa and maize
Parcel size-cocoa and plantain
Parcel size-cocoa and kola
Farm size
Simpson index
(Number of parcels)"
F-value
R2

0.103
0.243
0.232
0.033
-0.370
-0.798
-1.257
-0.161
0.100
1.038
(0.021)
365.0**
0.81

1.49
2.31
1.59
0.25
-5.43
-4.41
-4.35
-0.80
0.52
0.74
(0.26)
n.a.
n.a.

Ejura
Distance-maize
Distance-yam
Distance-groundnuts
Parcel size-maize
Parcel size-yam
Parcel size-groundnuts
Farm size
Simpson index
(Number of parcels)'
F-value
R2

-0.038
-0.407
0.093
-0.248
-0.341
-0.371
0.202
0.271
(0.157)
627.0**
0.83

-0.40
-2.97
0.76
-3.08
-3.38
-3.64
1.31
0.55
(1.09)
n.a.
n.a.

F-ratio that is significant at the 1 percent level.
n.a. Not applicable.
Note: Other variables included in the regression were characteristics related to parcel (cropping pattern, years since acquired, improvements made before acquisition); household (wealth per hectare,
nonfarm income per capita, number of male equivalents per hectare); household head (gender, migrant
status, occupation, farming experience, education); and location (village binary variables).
a. The reported coefficients were obtained using the Simpson index as the measure of fragmentation.
Separate regressions were run using the number of plots as an alternative measure of fragmentation.
Because the results did not change much, we have simply included the coefficients for the number of
parcel variables in this row.
Source: Authors' calculations based on World Bank survey data.
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summarize results for the fragmentation variables. If certain variables are not
crop-specific, then a better method is to stack the separate cropping pattern
yields into a single regression. Each crop-specific variable is then multiplied by
its respective crop dummy variable. Distance to parcel, parcel size, and soil type
are examples of crop-specific variables. Thus, our Xl,j vector in equation 7 is
comprised of crop-specific and non-crop-specific variables. No household or
farm variables were considered to be crop-specific.
V. THE RESULTS
The econometric model is used in this section to test whether fragmentation
has a detrimental effect on land productivity. Specifically,our null hypothesis is
that fragmentation is inefficient and reduces yields. Rejection of this hypothesis
would not prove that fragmentation is demand-driven, because other factors
may explain the lack of a negative relation between fragmentation and yield. But
it would add credence to the demand-side explanation.
Ghana
In Anloga yield data are only available for shallot parcels, because other
cropping patterns are rare. In Wassa there are enough observations for four
cropping patterns: cocoa, cocoa and kola, plantain and cocoa, and maize and
cocoa. In Ejura maize, yams, and groundnuts are included. Because each region
produces distinct crops, there is no gain from combining them into a single
regression; thus regressions are made separately for each region. Table 4 summarizes the key fragmentation results. The R2 s and the statistical significance of the
regressions are good, yet neither the Simpson index nor the number of parcels
(fitted values) has a significant effect on yields.2 Thus we reject the null hypothesis that fragmentation is inefficient.
The distance to parcel was significantly related to yield in a few cases. In
Anloga the distance to parcel had a positive impact on parcel yields. An explanation for this counterintuitive finding is that the more fertile of two primary
growing areas, and that which is more prone to flooding, is located farther from
the villages. The distance to parcel was also positively related to yields in Wassa,
although not all the coefficients are significant. One explanation for the outcome is that the farther parcels represent the more recently developed lands. As
such they have not lost as many nutrients from continuous cultivation as have
other parcels. In Anloga this explanation does not hold, because all the available
arable land was used many years ago.
In Ejura the only significant result was that the distance to parcels monocropped with yams negatively affected yields. Because distances to parcels are
quite long in Ejura, it is likely that this finding reflects the inefficient use of labor
2. A similar lack of relationship was obtained when we used actual rather than fitted values of the
Simpson index or the number of parcels.
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Table 5. Selected Results from Parcel Yield Regressionsfor Three Prefectures
in Rwanda, 1987-88
Variable
Distance
Beans
Coffee
Sorghum
Sorghum and maize
Sorghum and sweet potato
Sorghum and other
Sweet potato
Parcel size
Beans
Coffee
Sorghum
Sorghum and maize
Sorghum and sweet potato
Sorghum and other
Sweet potato
Farm size
Simpson index
Number of parcelsF-value
R2

Pooled

Ruhengeri

-0.02
(0.63)
0.05
(1.74)
0.05
(1.54)
-0.03
(0.58)
-0.02
(0.36)
-0.09
(1.71)
0.04
(1.73)

-0.03
(0.66)
-

-0.40
(4.91)
-0.30
(4.35)
-0.42
(5.88)
-0.50
(4.12)
-0.31
(2.85)
-0.47
(4.79)
-0.42
(8.19)

-0.35
(3.85)
-

-0.03
(0.33)
0.25
(0.64)
0.02
(0.74)
21.01'-#
0.56

0.02
(0.42)

Butare

Gitarama

-

-

0.10
(2.05)
0.08
(1.37)
-

-0.04
(0.94)
0.06
(1.16)
-0.06
(0.89)

0.03
(0.41)
-0.16
(1.62)
0.02
(0.41)

-

-0.08
(1.02)
0.03
(0.88)

-

-0.21
(2.04)
-0.52
(4.01)
-

-0.40
(3.97)
-0.43
(4.91)
-0.62
(4.16)
-

-0.29
(2.71)

-0.33
(2.48)
-0.53
(3.92)
-0.32
(3.30)

-0.34
(2.04)
-0.55
(6.28)

-0.23
(0.76)
0.35
(0.32)
-0.01
(0.09)
8.26***
0.53

-0.10
(0.52)
0.33
(0.44)
0.03
(0.56)
8.38***
0.60

0.07
(0.21)
-0.03
(0.02)
-0.01
(0.04)
8.23#*#
0.68

-

included in a particular regression.
' F-ratio that is significant at the 1 percent level.
Note: Figures in parentheses are the absolute values of the t-statistics. Other variables included in the
regression were characteristics related to parcel (cropping pattern, slope, topographical location, years
since acquired, improvements made before acquisition); household (wealth per hecrare, nonfarm income
per capita, number of male equivalents per hectare); household head (gender, occupation, farming
experience, education); and location (communal binary variables).
a. The reported coefficients were obtained using the Simpson index as the measure of fragmentation.
Separate regressions were run using the number of plots as an alternative measure of fragmentation.
Because the results did not change much, we have simply included the coefficients for the number of
parcels variable in this row.
Source: Authors' calculations based on World Bank survey data.
-Not
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and labor-intensive inputs on the more removed parcels. In all cases parcel size is
negatively related to yield, again suggesting that problems in the labor market
might be an important reason for fragmentation.
Rwanda
The analysis was confined to seven cropping patterns for which a sufficient
number of parcel observations on output data were available: monocropped
parcels of beans, sweet potatoes, sorghum, and coffee and sorghum multicropped with either maize, sweet potatoes, or other crops.
Table 5 summarizes the key fragmentation results for the pooled and individual prefecture-level regressions (many other variables were included in the regressions, and the full results are available from the authors). The regressions
have relatively high R2 s and are statistically significant at the 1 percent confidence level. Nevertheless neither the Simpson index nor the number of parcels
(fitted values) was significantly related to parcel yields in any of the regressions.
Hence we again reject the hypothesis that fragmentation is inefficient.
While possible biases caution against undue reliance on some of the other
coefficient estimates, farm size is not significantly related to yield in any of the
regressions. The distance to parcel has a positive effect on yields for coffee in
Butare and in the pooled sample. This probably indicates certain locational
advantages-such as coffee parcels being located higher up the hillsides-rather
than refuting the purely negative effect of distance on yields through inefficient
use of labor and other inputs. Distance has a negative effect on yields of sorghum intercropped with "other" crops in the pooled regression, but the result is
only weakly significant, and yields of other sorghum intercrops are not related
to distance.
Parcel size is negatively associated with yield in all the regressions. To the
extent that diseconomies in parcel size reflect problems in the labor market,
these results add credence to the demand-side explanation for fragmentation.
VI. FRAGMENTATION

AS A RISK MANAGEMENT

AID

Our econometric results refute the hypothesis that fragmentation is inefficient
and suggest, but do not prove, that the private benefits from fragmentation are
at least as large as the private costs. Although comprehensive analysis of these
costs and benefits would require a much more structural and micro-oriented
analysis than the available data permit, we can at least test to see if fragmentation confers benefits by reducing risk through less variable output.
A Model of Farm Fragmentation and Risk Spreading
The risk-reducing benefits of fragmentation can be approximated by the reduction in the variance of farm income obtained from cultivating several diverse
parcels. A useful model has variations from mean yield arising from fluctuations
at the village level, the farmer level, and the parcel level.
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Assume that a single crop is produced at a fixed price, which, for convenience,
is normalized to unity. The yield for farmer h on parcel i in period t is given by

(8)

Qbit/Ai = (do +

at)

+

(gh

+ ?he) + (ki +

"yi,)

where Qhbiis the output of the ith parcel, Ai is the area of the ith parcel, do is the
village mean yield for all parcels, Otis a random village-level effect, gh is a fixed
farmer effect, nhtis a random (over time) farmer effect, ki is a fixed parcel effect,
and yit is a random (over time) parcel effect.
Weassumethat E (Oh ,) = 0 and E (0, -yit°)= 0, for all i, h, t, t- and that E
(11h,75*) = 0 and E(-yi,-yj,) = 0, for all h 4 s, i # j, t, t' . Then, letting farmer h's
total area be A = E:Ai, total farm output is
(9)

Zi

= (gb + Obt +

Qbit

do + 0,)A + Ei A(ki + -yi,).

The mean output is
(10)

E(-iQhit) = (gh + do)A + EiAik,

and the variance is
(11)

Var(Zi Qi

tt)

= A2 (var(qh) + var(O))+ Zi A2var('y
1 ).

Or, assuming the yi are identically distributed with var(-y),
(12)

Var[(Zi Qi)/A} = var(O) + var(flb) + (Zi A2/A2 ) var(-y).

The coefficient on var(-y)is equal to 1 - S, where S is the Simpson index. Thus
in this model risk, as measured by the variance of total farm income per hectare,
declines linearly as the Simpson index increases.
Data and Estimationfor Rwanda
Our risk analysis requires time series data on crop production. Such data are
available for Rwanda in the National Agricultural Survey (NAS), collected by the
Service des Enquetes et des Statistiques Agricoles of the Ministry of Agriculture.
Data were obtained for a representative national sample of 1,015 farms. The
data combine the results of a detailed household survey for 1986 with aggregate
farm output information for six growing seasons (two a year from the second
half of 1985 to the first half of 1988). The 1986 cross-section data include
information on land fragmentation as measured by the Simpson index; location
by prefecture, commune, and village; and soil fertility classification.
Output information is available for a variety of crops at the farm level, but
there is no information on yields or on the allocation of crops between parcels.
Estimates of the benefits of diversification of output for individual crops are not
feasible without implausible assumptions, such as unchanging land use. For this
reason output information for the various crops was aggregated using 1986
price weights to form an index of total output.
Unfortunately, information on the output of coffee, groundnuts, and soybeans is not available. This omission is not very serious for groundnuts and
soybeans. Coffee, however, is an important crop in many regions, and its exclu-
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sion from the measure of total output has the potential to introduce significant
biases. Therefore attention was concentrated on Ruhengeri prefecture, with 105
observations, for which coffee output is known from the land rights survey to be
a small proportion of total output (less than 2 percent).
Without parcel-level information, equation 12 can be used as the basis for a
linear regression. As with equation 5, this is a semi-reduced-form equation. The
dependent variable is the variance of income per hectare, and the independent
variable is equal to one minus the Simpson index. The intercept is an estimate of
var(O). The slope coefficient is an estimate of var(-y). The error term is an
estimate of var(qh).
One problem in estimating equation 12 is that the fragmentation index may
not have remained constant for all farms over the six growing seasons. Without
time series data on fragmentation levels, little could be done to correct for any
biases introduced by any changes. Fortunately, although short-term leasing and
borrowing arrangements are quite common in Rwanda, the land rights study
data do show that most parcels held on short-term arrangements are held by the
same tenants for extended periods.
Preliminary analysis showed that variability of output was strongly associated
with soil fertility in Ruhengeri. Somewhat surprisingly perhaps, output variability was higher for the more fertile soils. The Simpson index was also higher
for farmers on the more fertile soils. As a result of this pattern, the raw correlation between the Simpson index and the degree of income variability is positive.
If this correlation were (mis)interpreted as a coefficient estimate for equation 12,
it would have the wrong sign.
The simplest way to correct for soil fertility is to include it as a separate
regressor. The results are reported in the first row of table 6. The independent
variable is the variance of income per hectare. The coefficient on fertility is
positive and significant, and the coefficient on the Simpson index is negative but
insignificant. It may be that because of possible simultaneity bias, the true effect
of the Simpson index on variance is more significantly negative. A simultaneous
system may exist because the level of fragmentation is observed during the

Table6. Regression Results for Risk Analysis for Rubengeri Prefecture,
Rwanda, 1985-88
Adjusted sample
Complete data set
Good fertility level
Excellent fertility level

Intercept
-5.94
(1.21)
1.27
(2.55)
22.77
(1.41)

Simpson
index
-6.58
(3.18)
-1.38

Soil
fertility
2.92

R2
0.08

n.a.

0.10

-21.27

n.a.

0.03

n.a. Not applicable.
Note: Figuresin parenthesesare the absolute value of the t-statistics.
Source: Authors' calculationsbased on WorldBank surveydata.
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period in which the variance of yield is calculated. The bias is upward because
the farmer's choice of level of fragmentation would be a positive function of the
variance (for example, an increase in variance would cause farmers to raise their
levels of fragmentation). The proportion of total variation explained by the
regression variables is small, but this is only to be expected in a model of this
kind.
The equation could be expanded to a more comprehensive treatment of soil
fertility by including dummy intercept and slope shifters for the different soil
types. It is simpler, however, to adopt the equivalent procedure of estimating the
regression in equation 12 separately for the different subsets of the data. Three
different fertility levels were represented in the Ruhengeri prefecture. However,
there were only 12 farms with the lowest fertility level, so results are reported
only for the farms with good or excellent fertility levels. In both cases the
Simpson index has the correct sign, but it is statistically significant only for the
good soils. The estimated coefficient for the farms with excellent fertility is
much higher, but the standard error is also very large.
VII. CONCLUSIONS

This article has shown that, although farm fragmentation is a pervasive feature of Ghanaian and Rwandan agriculture, it does not seem to have any adverse
impact on the productivity of land. Many of the costs generally attributed to
fragmentation (for example, travel time) are positively related to the distance
between farmers' residences and their parcels. But most parcels are located
within surprisingly short distances of the house, and, although fragmentation is
positively (though rarely significantly) associated with increases in the average
distance, the amount of travel time required is still only a matter of minutes. At
the same time fragmentation increases the diversity of agroclimatic conditions
available to the farmer, and this leads to more diversified cropping patterns.
This can be beneficial for risk reduction, reducing peaks and troughs in labor
demand and enhancing household food security.
The major implication of these findings is that, other things being equal, land
consolidation policies are unlikely to increase land productivity significantly.
Fragmentation is not as inefficient as widely assumed, and it offers farmers a
tool for managing risk, seasonal labor shortages, and food insecurity when other
alternatives might be more costly. A prime suspect for the lack of efficient
alternatives is the inefficiency of many rural credit, labor, and food markets.
While rigorous confirmation of these links would require more structural and
micro analysis than the available data permit, policymakers could do worse than
to focus their attention on improving the functioning of these markets and to
avoid interventions in land markets (for example, restrictions on sales and
rentals) that limit the ability of farmers to adjust optimally the extent of fragmentation (or consolidation) of their holdings over time.
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