
household-level herd mortality rates and the community stocking rate ranges
observed in this sample. By contrast, Figure 3b shows there is a strong, positive,
unconditional relationship between mortality rates and herd sizes within a
household. If our evidence is any indication, the extant literature on rangeland
overstocking may be conflating the effects of own herd size, which are surely
internalised by the herd manager, with the effects of others’ herd size, from
whence widely claimed ‘tragedy of the commons’ effects emanate (Hardin, 1968).
This carries important implications for range management policy, as it suggests
that overgrazing is less the product of inefficient tenurial institutions than of
missing insurance markets that induce costly self-insurance in the form of herd
accumulation.

Why does neighbours’ herd size not seem to affect a household’s expected
livestock mortality? Unfortunately, the data do not permit direct inference on this
important question. We can nonetheless identify three prime candidate explana-
tions for this observation.

First, respondents told us that as stocking rates increase in the more concen-
trated warra areas they sometimes move pregnant, even lactating cows and young
immatures (2 or 3 year olds) to the fora herd to reduce localised pressure, they
move more frequently and to more distant grazing and watering sites, they replace
young herders with more experienced adult male herders who can manage the
herd better in time of stress, or they cut and carry forage and supplement with
crop residues, food aid and other feed sources. Part of the story thus seems to be

Table 1

Total Livestock Mortality Model Estimates

Variable

(1) (2)

Estimate Std Error Estimate Std Error

Intercept )0.17 ** (0.064) 0.026 (0.075)
mjt 0.55** (0.071)
High Rain {0,1} )0.25** (0.059)
Medium Rain {0,1} )0.20** (0.062)
Hjt )0.00004 (0.001)
Hjt)1 )0.001 (0.0004)
Hjt · High Rain )0.00004 (0.001)
Hjt · Med Rain )0.00016 (0.001)
Hjt 0.0032** (0.0004) 0.0027** (0.0005)
H 2

jt ð� 1000) )0.0040** (0.0007) )0.0032** (0.0008)
Hjt · High Rain )0.0017** (0.0004) 0.0006 (0.001)
Hjt · Med Rain )0.0012** (0.0004) 0.0004 (0.001)
H 2

jt �High Rain(‚ 1000) 0.0010 (0.0011) )0.0031** (0.0014)
H 2

jt �Med Rain(‚ 1000) 0.0008 (0.0010) )0.0016 (0.0012)
Yabello {0,1} 0.045 (0.078) 0.073 (0.081)
Mega {0,1} )0.18* (0.090) )0.14 (0.093)
Arero {0,1} )0.075 (0.084) )0.093 (0.086)
Number of observations 834 834
Noncensored Values 494 494
Right Censored Values 2 2
Left Censored Values 338 338
Log Likelihood )183.11 )185.30

*(**)indicates statistical significance at the 10% (1%) level.
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endogenous cattle husbandry responses that mitigate mortality experience. We
have no data on these endogenous responses and therefore cannot control for
them.
Second, the recent literature on ‘non-equilibrial’ pastoral systems emphasises

that extraordinary variability in environmental conditions, particularly rainfall,
may break down the closely coupled plant-herbivore interactions that characterise
equilibrial systems so that the system becomes dominated by rainfall-driven vari-
ability more than by feedback effects from herd stocking density (Behnke et al.,
1993; Ellis, 1994; Ellis and Swift, 1988; Sanford, 1982; Scoones, 1994; Westoby et al.,
1989). In this view, overgrazing is not a problem because plant biomass is driven
primarily by erratic rainfall, not by the effects of livestock grazing. The implication
is that herd dynamics can be explained by rainfall patterns, while stocking rates
exert no significant effect on herd growth or mortality. The semi-arid Boran
Plateau we study, however, has somewhat greater and more stable rainfall than the
drylands to which proponents argue non-equilibrial pastoral systems theory applies
(Desta and Coppock, 2002). Moreover, our evidence indicates that own herd size
matters to one’s herd dynamics, even if others’ herd size does not. Furthermore,
the clear cyclical pattern evident in Figure 1 is more consistent with the limit cycles
typical of equilibrial systems than with the chaotic patterns observable in non-
equilibrial ones.
Third, the absence of cross-sectional mortality externalities may be partly

attributable to effective management of common property range resources.
Although every Boran pastoralist has the recognised right to graze his livestock
anywhere he likes in the ethnic group’s territory, the Boran’s lands are divided into
districts (madda) organised around one or more permanent well complexes. These
wells – which provide about 84% of total accessible dry season water – are owned,
operated and maintained by clans, employing a sophisticated management system

Mortality rate

0.15

2.5
(a) (b)

0.00

0.10

0.05

0 2 4 63.0 3.5 4.0 4.5 5.0 5.5
Ln (Average community herd size) Ln (Own herd size) 

Fig. 3. LOESS Estimates of Mortality Rates, Conditioned by (a) Average Community Herd Size
and (b) Own Herd Size
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Figure 4 shows markedly non-convex wealth dynamics, wherein there are two
stable dynamic asset equilibria, one at a herd size of one – effectively, seden-
tarised pastoralists who have turned to cultivation while keeping a milk cow –
and the other in the 40–75 head range (depending on the lag used). A
threshold point appears to exist at an unstable equilibrium of 10–15 animals,
which corresponds to the two-plus cattle/family member minimum herd size
necessary to sustain mobile, transhumant herding, given average household size
of 6–6.5 people during this period (Assefa, 1990; Coppock, 1994; Desta, 1999;
Upton, 1986). Above that threshold, households can feasibly undertake the
opportunistic, spatially flexible herding associated with extensive pastoralism. In
the extensive pastoralism zone, wealth converges toward a larger, stable equi-
librium, with herds recovering to that equilibrium in the wake of (moderate)
adverse shocks that leave them temporarily below the equilibrium and falling
toward that level due to costly increased mortality as they grow beyond the
stable equilibrium herd size. When a household’s stock of animals falls below
the threshold level, it effectively switches to a different, sedentarised production
system wherein grazing can only be done locally in order that herders can

Table 4

Cattle Herd Size Transition Matrices (count of household-year pairs)

Period t + 1
Quantile

1 2 3 4

Period t
Quantile
1 150 21 0 0
2 28 137 25 0
3 5 23 136 19
4 1 4 13 162

Period t + 5
Quantile

1 2 3 4

Period t
Quantile
1 70 11 4 0
2 48 65 24 2
3 22 37 63 21
4 2 4 30 104

Period t + 10
Quantile

1 2 3 4

Period t
Quantile
1 36 3 0 0
2 25 28 12 1
3 22 17 29 9
4 5 1 14 50
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supplement insufficient own milk supplies with purchased, harvested or dona-
ted grains and other non-animal foods. Sedentarised herding is vulnerable to
the region’s considerable spatio-temporal variability in rainfall, however, so it
becomes exceedingly difficult to maintain a herd of any size if one cannot
migrate. Hence the very low stable equilibrium at one animal. It is important to
note, moreover, that sedentarisation with a small herd implies dire poverty in
this context, as there are few nonpastoral options available to stockless, pasto-
ralists, the vast majority of whom are illiterate (Desta, 1999; McPeak and Little,
2004).
Nonlinear wealth dynamics appear as well when one looks at variation in the

observed length of time it took to recover from mortality shocks across different
classes of pastoralists, defined according to the three distinct zones established
by the three dynamic equilibria just discussed. As shown in Figure 4, herds
smaller than 15 head after the shock fall into the sedentarisation zone, con-
verging on the low, stable equilibrium herd size. Typically, these herds will not
recover from shocks, although there were a few cases of households completely
losing their herd, in which case they should recover to the equilibrium holding
of a single animal. Herds of 15 head or more post-shock, but less than 75 head
pre-shock, remain within the recovery zone and would be expected to recover
fully from any mortality shock. Pre-shock herds larger than the higher equilib-
rium of approximately 75 animals would not be expected to recover fully. They

Sedentarisation zone Extensive pastoralism zone

Recovery zone Costly accumulation zone

Nadaraya-Watson estimates using Epanechnikov kernel with bandwidth (h = 1.5)
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Fig. 4. Nonparametric Estimates of Expected Herd Size Transition Functions
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