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1. Introduction
Asset accumulation dynamics establish the microfoundations for economywide models of
economic development. Whether households are constrained by their initial conditions or can
grow themselves out of poverty provides evidence for neoclassical growth or poverty traps
models with substantially different policy implications. Diminishing returns to capital, a driving
feature of the neoclassical growth model, implies convergence of heterogeneous asset
endowments over the long-run (Solow, 1956, 1957; Swan, 1956). However, if borrowing or
investment constraints exist, bifurcated asset dynamics can result in poverty traps (Banerjee and
Newman, 1993; Galor and Zeira, 1993). However, empirical evidence of poverty traps is weak or
mixed.
As McKay and Perge (2013) summarize, there is robust evidence in support of non-linear asset
accumulation dynamics and a strong relationship between a lack of assets and persistent poverty,
but identification of non-convexities in the asset accumulation process over time and poverty
traps is elusive. As a result, a lively debate has emerged in the development economics literature.
Critics of the poverty trap theories, particularly multiple dynamic poverty traps, point out the
lack of supporting empirical results. In addition, they find a lack of increasing returns to capital
and barriers to entry (minimum scale requirements or high fixed costs) in a number of empirical
studies (McKenzie and Woodruff, 2006; Antman and McKenzie, 2007; de Mel, McKenzie, and
Woodruff, 2009; Fafschamps, Quinn, and Woodruff, 2014; Kraay and McKenzie, 2014). Further,
critics argue that the limited empirical evidence in support of dynamic poverty traps represent
exceptions; these unique studies essentially only describe the asset dynamics of pastoralists in
extremely remote areas where a single asset (livestock) dominates household portfolios (Lybbert,
Barrett, Desta, and Coppock, 2004; Barrett et al., 2006; Santos and Barrett, 2006; Van
Campenhout and Dercon, 2009). Kraay and McKenzie (2014) provide a comprehensive
summary of this skeptical stance.
Identifying multiple equilibria and poverty traps given current data limitations and the potential
for the coexistence of different types of poverty traps across sub-populations is a substantial
challenge in finding evidence to support the poverty trap hypothesis. Barrett and Carter (2013)
provide a recent review of empirical evidence for poverty traps. They note that poverty traps may
be driven as much by financial market failures as discontinuities in returns to capital themselves
(Barrett and Cater, 2013; Carter and Lybbert, 2013).
Understanding the influence of initial asset endowments on asset dynamics is central topic to the
poverty dynamics literature. Recent reviews of poverty traps research by Kraay and McKenzie
(2014), Barrett and Carter (2013), and McKay and Perge (2013), demonstrate that substantial
theoretical and empirical advances have taken place since the formative contributions of Baulch
and Hoddinott (2000), Carter and Barrett (2006), Addison, Hulme, and Kanbur. (2009). One
issue the literature highlight is that although poverty analysis methods are based on consumption
metrics, long-term welfare assessments continue to predominantly rely on assets for a number of
reasons.
Assets are an important indicator of household welfare because asset stocks fluctuate less widely
than consumption or income indicators, are easier to measure, and are more reflective of a
household’s long term welfare position and future trajectory. An asset-based approach is also
more representative of the diversity of livelihood strategies that a household leverages to foster
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wellbeing (Ellis, 2000). Another advantage of an assets based approach is that it enables
differentiation of stochastic versus structural poverty (Carter and May, 2001). Their use,
however, is not without challenges, especially with respect to appropriate asset valuation in the
context of a non-smooth (lumpy) accumulation process.
This study investigates the role that initial household endowments have on future asset growth
with a unique panel dataset collected from a cluster of rural villages in northern Nigeria in 1988
and 2008 to address the debate on asset convergence and the existence of poverty traps. Tracking
of the original 200 households surveyed in 1988 results in 576 households due to the split of
some households and moderate attrition over the 20-year period. This approach represents a
novel contribution to the literature for a variety of reasons. First of all, the unique data facilitates
analysis over a relatively long time horizon. Second, test of asset dynamics are incorporated for a
diverse set of assets (livestock, capital, land, and in aggregate). Third, tests are undertaken for
multiple types of households (pooled, original, split, and dynastic), which each potentially
highlight different aspects of the asset accumulation process. In particular, the household
dynasty, which combines the original household with all split branches in 2008 into a single
economic unit may best reflect the inter-generational accumulation process. Few robustness tests
of this type have been carried out in the literature to assess the sensitivity of results. Lastly,
econometric analysis includes both parametric and non-parametric methods. Non-parametric
approaches have become more common in the poverty dynamics literature because avoiding the
characterization of the relationship between asset endowments and asset changes according to a
particular distribution enables more flexible estimation, which is better suited to identifying nonlinarites, non-convexities, and thresholds. The primary disadvantage of the non-parametric
approach is that the specification does not permit hypothesis testing central to the establishment
of evidence for nonlinear asset dynamics.
The main finding of this research is that we observe little evidence consistent with the poverty
traps hypothesis over a relatively long time horizon for a diverse set of assets. A secondary, but
important, result of this study is that the conceptualization of how household economic units
evolve over time may lead to somewhat different results; the household tracking rules in
longitudinal surveys implied by these concepts should therefore be formulated with great care.
Lastly, this study illustrates that the mechanism through which asset stocks grew over the 20year period in this setting is primarily driven by the change in livestock prices, particularly
bullocks for ploughing, in response to a substantial extensification of agriculture and population
growth in the study area.
The next section (2) of this paper reviews the debate in the poverty traps literature and the
estimation implications of recent contributions. The third section lays out the inter-temporal
choice model that serves as the theoretical basis for this work, as well as the implications for
threshold dynamics. The fourth section describes the study context in northern Nigeria and
discusses the unique data collected, including the tracking process involved in tracing individuals
over the 20-year period. The fifth section lays out the econometric strategy. The sixth section
presents results in the following order: descriptive statistics, non-parametric methods, and
parametric analyses. Finally, the eighth section draws conclusions and discusses implications of
these findings.
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2. Asset Dynamics & Poverty Traps
2.1 Literature
A point of emphasis in the poverty traps literature is the distinction between the static and
dynamic equilibria that may define a poverty trap. Static (also referred to as single) equilibrium
poverty traps emerge when only a low-level (poor) equilibrium exists for an economic unit, all of
which converge to a stable, poor equilibrium.1 Dynamic (also known as multiple) equilibria
poverty traps occur when several (poor and non-poor) equilibria are attainable and at least one
equilibrium structurally traps some economic units at a low level of wellbeing. Potential
economic units include nations, regions, communities, networks or groups, households, and
individuals.2
One prominent example of a static poverty trap mechanism on a widespread scale is a
geographic poverty trap, which can arise in remote or disadvantaged areas. In particular, Jalan
and Ravallion (2002) describe a geographic poverty trap as occurring when available technology
is insufficiently productive to generate non-poor standards of living conditional on geography,
climate or other fixed environmental endowments.3 Kraay and McKenzie regard this as the most
common type of poverty trap. Weak institutions can also cause a distinct static poverty trap
mechanism on a large-scale, such as at the region or country level (Acemoglu, Johnson, and
Robinson, 2001; Acemoglu and Robinson, 2012). In both of these cases, economic units are
destined to a low-level equilibrium because of an exogenously determined and relatively
permanent characteristic. Barrett and Carter (2013) discuss that it is possible to define an
additional static poverty trap mechanism for any individual or group that is prevented from
obtaining a non-poor equilibrium via discrimination, marginalization, as well as mental or
physical disability, on the basis of an immutable characteristic.
Dynamic poverty trap mechanisms can occur at varying scales. The most commonly referred to
macroeconomic mechanism is described as the big push coordination problem (RosensteinRodan, 1943; Murphy, Shleifer, and Vishny, 1989; Caucutt and Kumar, 2008). This is driven by
coordination problems at the firm level that constrain an economy to a low-level equilibrium
despite being endowed with the technology to reach a non-poor equilibrium. An alternative
macroeconomic mechanism is a savings poverty trap where the inability of a poor population to
save results in convergence to a low equilibrium because growth is restricted to increases in total
factor productivity (Kraay and Raddatz, 2007). This equilibrium is in contrast to a potential
higher outcome that could have been reached with capital investments fueling more broad based
growth. At the meso level, network mechanisms can lead to externalities for some groups where
the benefit from relationships with a group of a specific type of individuals can be offset by a
negative externality of participating in the network. In particular, network mechanisms can lead
to multiple equilibria for groups predominantly made up of poor versus affluent members via
signaling, cultural, kinship, and learning effects, as well as the institutionalization of these
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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Static poverty traps are also sometimes referred to as structural poverty traps, but this is a misleading use of
terminology as structural mechanisms that can trap households at low levels of wellbeing are inherent to static and
dynamic poverty trap models.
2
Recent poverty trap studies underscore that a lack of clear evidence in support of multiple equilibia poverty traps
need not nullify the potential presence of static equilibrium poverty traps.
3
The authors find evidence of geographic poverty traps in four provinces in southern China (Guangdong, Guangxi,
Guizhou, and Yunnan) with farm-household level data from 1985-1990.
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processes (Montgomery, 1991; Calvo-Armengol and Jackson, 2004; Moser and Barrett, 2006;
Bowles, Durlauf, and Hoff, 2006; and Chantarat and Barrett, 2012).
There are four types of dynamic poverty trap mechanisms at the micro level that are typically
considered. The first is the natural resource degradation poverty trap mechanism where some
small farmers are endowed with marginal resources (i.e., infertile or fragile soil), which
disincentivizes their investment in the resource and, in turn, leads to degrading natural resources,
productivity, and equilibrium outcomes.4 As such, small differences in initial natural resource
conditions can lead to substantial and persistent gaps in wellbeing (Antle, Stoorovel, and
Valdivia, 2006; Marenya and Barrett, 2009a; Marenya and Barrett, 2009b; Stephens et al., 2012).
Dynamic poverty trap mechanisms can also potentially be driven by malnourishment and low
wages when physical work capacity falls below a critical level due to dips in earnings and access
to food (Mazumdar, 1959; Dasgupta 1993, 1997; Dasgupta and Ray, 1986, 1987). However,
empirical evidence resoundingly concludes that this relationship does not hold in the absence of
shocks such as a famine, price surges, or sanitation contamination (Subramanian and Deaton,
1996; Ravallion 1997; Strauss and Thomas, 1998; Banerjee and Duflo, 2011; Ravallion, 2015).
A burgeoning area of behavioral economics research draws attention to an alternative micro
scale dynamic poverty trap mechanism where individual or household level decision-making can
lead to repeated inefficient outcomes and thereby result in a self-reinforcing poverty trap.
Behavioral poverty traps may be motivated by psychosocial incentives, preferences, habits, and
so forth, which result in sub-optimal outcomes over time.5 As such, persistent poverty may
influence human psychology and foster preferences that further trap people in poverty by
drastically shortening time horizons, increasing risk aversion, or weakening self-control
(Banerjee and Mullainathan, 2010; Duflo, Kremer, and Robinson, 2011; Moya, 2012; Laajaj,
2012; Shah, Mullainathan, and Shafir, 2012; de Mel, McKenzie, and Woodruff, 2012; Kremer,
Lee, Robinson, and Rostopshova, 2013; Shaner, 2013; Fafchamps, McKenzie, Quinn, and
Woodruff; 2014). For instance, differences in time and risk preferences may yield distinct and
potentially inferior allocations of assets for present biased and risk averse households that chose
to invest in low productivity, low risk activities. Barrett and Cater (2013) highlight that under
such behavior, structural mechanisms endogenously distort preferences in a way that motivates
sub-optimal behavior to sustain poverty.
Finally, the majority of the microeconomic dynamic poverty trap literature focuses on existence
of non-convexities, thresholds, and distinct stable equilibria in the process of asset accumulation,
whether they be due to increasing returns to scale, high fixed technology costs, risk aversion, or
incomplete markets (financial and insurance).6 In such a case, marginal returns to assets do not
decrease monotonically throughout the asset accumulation process due to a discontinuity in
access to highly productive technology. As such, a poor household may be faced with locally
increasing returns to scale that are not attainable in a cycle where incomplete financial markets
makes it difficult to attain the financing for costly high productivity technology; and, in turn, low
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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This differs from a geographic poverty trap in the sense that not all economic units are uniformly affected by
degradation of marginal natural resources in the designated area.
5
These may result in a static equilibrium poverty trap if these behaviors are a result of immutable characteristics, for
instance cognitive or physical disabilities, but if these behaviors can be influenced by ‘nudges’ they may result in
dynamic equilibria poverty traps (Thaler and Sunstein, 2008).
6
This is the class of dynamic poverty trap that this manuscript is most concerned with.
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returns without high productivity technology inhibit sufficient profits and accumulation of assets
required to access financing for superior productive technology.
This potentially traps households at low-level assets equilibria and prevents them from catching
up to better off households at a higher equilibrium (McKay and Perge).7 Carter and Barrett
(2006) present a classic theoretical framework for this type of mechanism where low levels of
initial endowments under the aforementioned conditions result in (multiple) bifurcated asset
accumulation trajectories. Such a model implies that there are important asset accumulation
thresholds (referred to as Macabre thresholds) in the asset accumulation process that determine
whether a household is able to reach a higher non-poor equilibrium or falls back to a poor
equilibrium; this results in a forward tilted S-shaped relationship between initial assets and assets
in the following period (Carter and Barrett, 2006; Barrett et al., 2006; Barrett and Carter, 2013).
Kraay and McKenzie cast doubt on the evidence in support of this type of poverty trap
mechanism. They suggest that an increasing returns to scale or technology poverty trap is only
realistic in extremely remote areas where there is limited access to asset and technology types (as
well as credit), but not particularly relevant in the rest of the world. Their critique is salient
considering that the strongest (direct) empirical evidence in support of this type of poverty trap is
limited to remote areas in Ethiopia or Kenya where livestock is the primary productive asset and
store of wealth (Lybbert, Barrett, Desta, and Coppock, 2004; Barrett et al., 2006; Santos and
Barrett, 2006; Van Campenhout and Dercon, 2009). Research in a wide variety of alternative
settings where other types of assets are relevant typically do not find evidence in support of a
dynamic poverty trap of this form (Jalan and Ravallion, 2001, 2004; Lokshin and Ravallion,
2004; Giesbert and Schindler, 2012; Naschold, 2012, 2013; McKay and Perge, 2013; Michelson,
Muniz, and Derosa, 2013; Quisumbing and Baulch, 2013).8
Nonetheless, some studies (not focused on the livestock accumulation of remote pastoralists) do
find evidence of these dynamic poverty trap mechanisms (Adato, Carter, and May, 2006; Carter,
Little, Mogues, and Negatu, 2007; Kwak and Smith, 2013). Thus, the knowledge base regarding
the presence of forward-tilted S-shaped dynamic poverty traps is mixed. One should also
consider that the bulk of indirect evidence from studies that test for behavior that is consistent
with the presence of dynamic poverty traps generally do find evidence in support of their
presence (Zimmerman and Carter, 2003; Hoddinott, 2006; Marenya and Barrett, 2009a; Marenya
and Barrett, 2009b; Santos and Barrett, 2011; Stephens et al., 2012; Lybbert and McPeak, 2012;
Keswell and Carter, 2013; Janzen, Carter, and Ikegami, 2012; Carter and Lybbert, 2013).
Behavior that is indicative of this type of poverty trap includes asset smoothing in the
neighborhood of thresholds (as opposed to consumption smoothing), risk-taking by the risk
averse, multiplier effects of small asset transfers, crowding-in effects of risk reduction, and
bifurcating behavior in response to environmental phenomena; many of which Barrett and Carter
emphasize as potential areas of study better suited for clean identification.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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If there exist locally increasing returns to technology or minimum size requirements for profitability in a given
activity, then nonlinearities in household production result in bifurcated asset dynamics (Dercon, 1998; Carter and
Barrett, 2006; Barrett, 2008).
8
However, all these studies do find evidence of non-linearities and, with the exception of Jalan and Ravallion
(2004) and Lokshin and Ravallion (2004), they find evidence suggesting of static poverty traps.
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Kraay and McKenzie contend that in much of the world a wide variety of production
technologies are available with sufficiently differing starting costs. This implies that any
discontinuity and apparent non-convexity in the relationship between production and capital for
two technologies dissipates (i.e., becomes smooth and convex) when accounting for all other
available technology options.9 Further, they argue that empirical evidence of high returns to
capital for small-scale businesses or low entry costs cast doubt on the viability of technologybased poverty trap models based on evidence from Mexico, Sri Lanka, and Ghana (respectively,
McKenzie and Woodruff, 2006; Antman and McKenzie, 2007; de Mel, McKenzie, and
Woodruff, 2009; Fafschamps, Quinn, and Woodruff, 2014). Yet, much like Barrett and Carter
(2013), Kraay and McKenzie do note, that this does not rule out the existence of static forward
tilted S-shaped poverty traps for especially remote and disadvantaged areas or groups due to
increasing returns to scale or market asymmetries.
On the other end of the debate, Barrett and Carter (2013) believe that forward tilted S-shaped
poverty traps driven by a combination of increasing returns to scale with multiple financial
market failures (MFMF) are the most common micro-level dynamic poverty trap mechanisms.
They describe the MFMF model as hinging on fixed technology costs and simultaneously
missing or incomplete markets in both the credit and insurance sectors. As such, households may
not be able to attain the superior marginal returns available at a minimum production scale
associated with improved technology because of an inability to borrow against future income
earnings, insulate consumption against shocks, and indemnify against potential asset losses. The
existence of MFMF should not be controversial, as it is well established that market failures
regularly impact the lives of the poor and, more specifically, that a lack of insurance and credit
perpetuates poverty by trapping poor households in low risk and return activities (Besley, 1995;
Dercon and Christiansen, 2011). Nonetheless, econometrically identifying them has turned out to
be a tricky proposition. A unique feature of the MFMF poverty trap mechanism, which will be
discussed in more detail in section 3, highlights the potential coexistence of single and multiple
equilibrium poverty traps as a result of MFMF and other mechanisms.
2.2 Estimation Challenges
The observed persistence of poverty in many regions provides a strong basis for the existence of
dynamic poverty traps in the developing world. Despite this, empirical results on the topic are
mixed. McKay and Perge (2013), as well as Barrett and Carter (2013), lay out a number of
reasons why a lack of positive findings may be explained by the inherent difficulty in
identifying dynamic poverty trap equilibria, as opposed to evidence that they do not exist.
First of all, the best way to estimate a relationship over time for a household based on cross
sectional variation among households at two specific points in time is unclear. Secondly,
identifying equilibria is challenging because the factors that are modeled as influencing
wellbeing are often endogenous to the very same mechanism being investigated; plus numerous
coexisting mechanisms (and equilibria) may apply to some observations and not others. As such,
if a non-convexity exists it may be small and vary for different types of observations. Third,
descriptive distribution tests for dynamic poverty traps may be misleading as single and
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9

This stance may represent an extreme theoretical abstraction, not unlike the original two-technology model itself,
by overemphasizing the heterogeneity in production technologies and underestimating the costs of switching
between activities in developing contexts with pervasively dysfunctional credit and insurance markets. The truth
likely lies in the middle.
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multimodal cross-section distributions, neither of which are sufficient evidence of single or
multiple poverty traps, can be the result of various types of stochastic processes – with additive
or multiplicative error terms (see Barrett, 2005, and Kwak and Smith ,2013, for examples).
Fourth, direct econometric tests of dynamic poverty trap equilibria are fraught with statistical
obstacles such as the issue that estimated thresholds, which should be unstable and derived from
points with few surrounding observations, may come across as heteroskedastic and positively
autocorrelated errors (Barrett, 2005). This situation is further convoluted under parametric
regression approaches due to the difficulty in identifying equilibria far from sample means
(Barrett et al., 2006); which begs a non- or semi-parametric approach.10 In either case, panel data
often suffers from non-random attrition. Fifth, conventional sampling methods complicate the
aforementioned challenges because when data is comprised of few clusters, within-cluster
correlation can bias standard errors and lead to regression towards the mean, both of which make
it more difficult to precisely identify and distinguish between potential equilibria.
Sixth, existing survey data may not be particularly well suited to unearthing dynamic poverty
equilibria over the long-term, especially with respects to representing the full range of the
forward tilted S-shaped curve over a sufficiently long period of time. Similarly, too homogenous
of a data sample is likely to obscure potential non-linearities and truncate the portion of the
forward tilted S-shaped relationship that can be studied. Seventh, asset data may not be adequate
for a variety of reasons. In addition to the aforementioned asset data measurement challenges
(lumpy accumulation process and thorny valuation), accounting for how the values of various
types of assets change over time is not straightforward. On one hand, aggregating different types
of assets into a single measure with monetary values may not be reliable, while on the other hand
weighting assets into an index following a regression or factor approach is not necessarily simple
and results may be sensitive to the chosen methodology (Michelson, Muñiz, and Derosa, 2013).
Lastly, the slow and lumpy nature of the asset accumulation can make it difficult to identify
meaningful changes in asset portfolios and wellbeing over panels with small data samples.
Nonetheless, an assets based approach is still considered to be the most advantageous approach.
2.3 Closing
A minority of direct poverty trap studies has combined non (or semi) parametric econometric
approaches with panel data over a long time horizon, primarily due to a lack of suitable data or
the gradual incorporation of non-parametric methods.11 By not making assumptions about
functional form, the flexibility of non and semi-parametric methods provides the best
opportunity to identify nonlinear welfare dynamics. In addition, a non-parametric approach
minimizes complications stemming from the instability of threshold points, as previously
discussed.12 Moreover, changes in welfare dynamics and poverty traps are likely to be slow
moving phenomena, requiring the tracking of consumption, income, or asset accumulation of
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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It should be noted that recent empirical work from 2013 including i) McKay and Perge, ii) Quisumbing and
Baulch, iii) Michelson, Muñiz, and De Rosa, iv) Naschold, and v) Kwak and Smith, emphasize a non- or semiparametric approach with similarly mixed results.
11
See the following list: Lybbert, Barrett, Desta, and Coppock, 2004; Barrett et al., 2006; Santos and Barrett, 2006;
Antman and McKenzie, 2007; Van Campenhout and Dercon, 2012; Naschold, 2012; Kwak and Smith, 2013;
Quisumbing and Baulch, 2013.
12
It should be noted, though, that non and semi-parametric methods are most effective when working with a large
data samples and do potentially suffer from unobserved heterogeneity issues due to the lack of inclusion of
covariates.
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poor, marginalized households over a long period of time. The relatively long time horizon in
this data from rural, northern Nigeria presents a unique opportunity to investigate household
welfare dynamics applying a battery of parametric and non-parametric methods on measures of
total household asset, capital, livestock, and land accumulation over a 20-year period.

3. Poverty Traps
3.1 A Model of Assets Dynamics
A household in northern Nigeria aims to sustain or improve its welfare through the consumption
of goods and the accumulation of assets in the presence of (multiple) market failures, which can
have a pernicious impact on the welfare of the poor (Besley, 1995; Dercon and Christiansen,
2011). Individuals and households are faced with an intertemporal choice between consumption
(!"# ) and investment in assets ($"# ) during each time period in a context where incomplete
financial, insurance, and other markets, such as land and labor, are common. In the absence of a
functional financial market individuals cannot borrow against the future to insulate consumption
against shocks, invest in technologies requiring sizable upfront outlays to speed up the asset
accumulation process, or store and directly build wealth via financial instruments. Without an
insurance market, individuals cannot indemnify themselves against losses and may shy away
from adopting risky high-productivity technology. This can lead to sizable and lasting
deteriorations in welfare for rural households that rely on agriculture, which is inherently risky
and intensive, as the main source of consumption and income. The prevalence of incomplete land
and labor rental markets further constrains households’ abilities to harness the means of
production and asset accumulation to optimize welfare outcomes.
Consider a heterogeneous population of individuals who are endowed with time invariant innate
ability levels (%" ). These individuals are also endowed with varying levels of initial assets ($"& ),
which they consume or accumulate as household units in each time period to optimize a standard
utility function ('(⋅) – see equation 1). Assets serve both as stores of wealth and buffer stocks, as
well as productive assets that generate positive, diminishing returns. Preferences are independent
of innate ability and initial asset endowments.
A non-convex set of production technology alternatives is available to individuals in each period.
The set consists of a low and high-productivity technology, (( ) $"# , %" and ( + $"# , %" ), both of
which are monotonically increasing and intensive in ability (%" ) and capital ($"# ). Switching
between technologies is assumed to be costless. The high-productivity technology is superior in
terms of marginal returns to productive capital, but is subject to a minimum scale of production
and/or a sizable fixed cost, which is difficult to finance in the presence of incomplete financial
markets. Output with high-productivity technology at low asset levels yields an inferior result.
Hence, an asset threshold exists limiting access to the potential benefits from utilizing highproductivity technology. The discontinuity in marginal returns to assets at this critical threshold
suggests the potential existence of multiple equilibria and distinct optimal behavior regimes.13
Zimmerman and Carter (2003) refer to this as the Micawber Frontier or Threshold, adding to
Lipton’s (1993) analogous conceptualization.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13

The discontinuity in the marginal return to assets implies a non-monotone value function (,(⋅)). Also, ! and
$-represent the critical values for choice variables consumption and assets, respectively, required to maximize utility
in equation 1 given this discontinuity.
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Building on Deaton (1991) and Buera (2005, 2009), Barrett, Carter, and Ikegami (2008) present
a theoretical model of intertemporal choice to formally describe the existence of poverty traps
and their relationship with social protection programs. Barrett and Carter (2013) reemphasize the
Multiple Financial Markets Failures (MFMF) dimension of this model, highlighting the primacy
of incomplete markets, initial endowments, and risk in the coexistence of static and dynamic
equilibria poverty traps. Accordingly, consider the following intertemporal choice problem:
;
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S& is the expectation of summed utility at the initial period (T = 0) and V ∈ (0,1) is the time
discount rate. In equation 2, cash on hand (or consumable wealth) is represented by-D"# $"# , E#
and consists of the sum of current income (( $"# , %" ) plus the value of accumulated assets ($"# ),
which is subject to the depreciation rate (J) and periodic gains or losses from stochastic asset
shocks (E# ∈ −1,1 distributed Ω(⋅)), such as theft, destruction of crops and livestock, extreme
weather, illnesses, death, and so forth. Equation 3 illustrates that individuals chose the type of
production technology with the highest output given ability and asset levels. High-productivity
technology represents the optimal choice for an individual maximizing income if and only if
assets ($"# ) are greater than or equal to the critical threshold value of assets ($"# %" ), as shown
in Equation 4.
There is a direct tradeoff between consumption and investment in assets over time. Equation 5
(below) specifies that current consumption must be less than or equal to cash on hand in the
absence of financial markets (credit and insurance). Equation 6 establishes that next period’s
assets are the difference between cash on hand and consumption. The accumulation of assets
over time can be represented as a dynamic choice problem where in each period an individual
determines how to allocate current income (( $"# , %" ) between consumption (!"# ) and
investments in productive assets (["# ), as illustrated in equation 7. Equation 8 is the optimal
investment (or policy) rule (["#∗ (⋅)). In addition to asset stocks ($"# ) and ability %" , it is a
function of the cumulative density function of stochastic asset shocks (E# ~-Ω(⋅)), which is known
to all individuals. Accumulated asset stocks over time can then alternatively be represented as
the sum of investments (["# ) and depreciated assets ( 1 − J $"# ), both of which can be affected
by stochastic asset shocks (E# ), as shown in equation 9.14
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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3.2 Threshold Dynamics
Financially constrained households are dissuaded from investing in high-productivity technology
to bolster output now or accumulate assets later because the current cost of investment is greater
than the future returns to investment as a threshold point is approached. As such, a household can
only accumulate assets through autarchic savings in the face of ex-post and ex-ante risk, which
can destabilize asset stocks and standards of living. Ex-post risk (i.e., realized shocks) can have
substantial and lasting consequences for households who are pushed below the Micawber
Threshold. Ex-ante risk (i.e., anticipation of insecurity) can discourage forward-looking behavior
and thereby make it more difficult to overcome poverty, particularly when sacrificing current
consumption is required to accumulate assets near thresholds.15
To be explicit, the underlying mechanisms in this poverty trap model that leads to a discontinuity
in equilibria and distinct behavioral regimes are the combination of multiple incomplete markets
with fixed cost and non-convexity in returns to assets (similar to Banerjee and Newman, 1993;
Buera, 2009; & Barrett, Carter, and Ikegami, 2008).16! The operational logic is the following:
when an individual agent optimizes behavior he or she equates the marginal utility of current
consumption with the expected value of accumulated assets. In this process, the individual
observes the point at which there is a sudden increase in the marginal value of accumulating
assets. This value is extremely high because the additional assets not only serve to increase
production, consumption, and welfare in the short-run, but also to increase the strategic value of
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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In the end, dynamic programing of the (optimal) value function ((V(⋅)) for the intertemporal choice problem
results in the following Bellman equation (10) subject to the aforementioned policy rule (equation 8):
V A c ≡ max-{u f(αc , A c ) − Ic ) + δE[V(A c^_ |A c , Ic ]
ef

( 10 )

where:
E V A c^_ A c , Ic

=

V(θc Ic + 1 − τ A c -dΩ(θc )

( 11 )

The value function (o(⋅)) is monotonically increasing and concave in assets ($# ) while the expected marginal value
of additional assets is strictly decreasing in assets ($# ). However, in the presence asset stock thresholds and related
discontinuities in access to technology, the value function (o(⋅)) no longer behaves monotonically. As a result,
sudden increases in the marginal value of assets near critical thresholds become influential in the accumulation
process, potentially resulting in multiple equilibria and distinct optimal behavior regimes.
15
Hence, static poverty traps may exist for extremely poor or low ability populations. In a more heterogeneous
population, similar static equilibria can coexist with multiple dynamic equilibria for households of intermediate
ability or wealth who may accumulate enough assets to achieve a high equilibrium, but may also fall below the
Micawber Threshold and become trapped at a low equilibrium.
16
The underlying mechanisms of other types of poverty trap models include: i) non-convexity in the functional
relationship between consumption and work capacity (for example, Ray and Streufert, 1993); and ii) preference nonconvexities resulting form utility penalties due to a drop in consumption below subsistence (Zimmerman and Carter,
2003).
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feasibly being able to reach a high equilibrium in the long run. Thus, in the vicinity of this
critical point (analogous to the Micawber Threshold) the exploding marginal value of assets
represents the total difference between reaching a low versus high equilibrium in the future.
Households consisting of individuals with low skill or asset endowments who are poor or of
intermediate welfare status are especially vulnerable to asset losses that may push them below
the Micawber Threshold towards a low long-run equilibrium. At the same time, such households
may strategically value assets much more highly near the Micawber Threshold in order to vault
themselves towards a high long-run equilibrium. Thus, bifurcation in terms of equilibria
dynamics and optimal behavioral regimes can be observed near the Micawber Threshold. For
example, some households may smooth assets by destabilizing consumption near the Micawber
Threshold, as opposed to strictly smoothing consumption by destabilizing assets once situated
well beyond the critical threshold (Carter and Lybbert, 2012; Barrett and Carter, 2013).
[Figure 1]
A dynamic asset trajectory in the presence of MFMF can be illustrated as the elongated, forwardtilted S-curve (in red) Figure 1. As Carter and Barrett (2006) theorize, when discontinuities exist
in the mechanisms determining asset accumulation, pathways bifurcate and generate multiple
equilibria. (Equilibria are evident at intersections of asset pathways with the diagonal 45-degree
line.) An elongated, forward tilted S-curve emits a total of three equilibria: a stable high
equilibrium (labeled l), a stable low equilibrium (labeled h), and an unstable equilibrium in
between (labeled m). Households with initial asset endowments above m, which serves as a
(Micawber) threshold, converge towards the high equilibrium (h). On the other hand, those with
endowments below the m threshold dissolve assets (typically to smooth consumption) and tend
towards the low equilibrium (l). This divergence of assets results in a dynamic poverty trap
where some households are relegated to chronic poverty and others are positioned to attain
relative wellbeing over the long-term.17 In the absence of poverty traps, asset accumulation
trajectories take a monotonically non-decreasing logarithmic form (in green) that emits a single
long-term equilibrium (h). The case of a static poverty trap can by represented by a logarithmic
pathway where all households converge to a stable, global equilibrium (irrespective of initial
asset endowments), which falls above or below a poverty line. A nonlinear relationship with a
global equilibrium (h) is also illustrated by the blue curve. The distinction in these asset
trajectories is directly testable and the empirical strategy in this analysis explicitly exploits this
feature (see section 6 for more details).
The fundamental results of this theoretical model are worth reiterating (following Barrett and
Carter, 2013). First of all, in the presence of multiple financial market failures (MFMF) initial
endowment levels are fundamental determinants of asset accumulation and welfare outcomes, as
households can neither finance consumption and investments nor indemnify themselves against
risk. Making matters worse, unmitigated risk (both ex-post and ex-ante) can have large and
permanent consequences. Third, single and multiple equilibria poverty raps can coexist. A
number of noteworthy behavioral implications are worth highlighting. First of all, asset and
consumption smoothing may be optimal behavior strategies depending if thresholds exist.
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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It is possible that both stable equilibria may fall above or below the poverty line, though the most relevant and
interesting case for a rural, developing context like these communities in northern Nigeria is where the low
equilibrium is stuck below the poverty line while the high equilibrium is not.
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Second, wealth-dependent preferences may motivate counterintuitive risk taking because choices
reflect forward-looking management preferences in addition to static risk preferences. Third,
small asset transfers may crowd-in savings and investment as individuals rise above the
Micawber Threshold and reaching a high-equilibrium becomes feasible.

4. Context & Data
4.1 Study Context
In 1988, a rich small-scale household survey was undertaken with 200 households in four rural
villages near the town of Zaria, Kaduna State.18 The multi-topic data produced valuable
information over the survey period on informal transactions and farm production (Udry 1990,
1994, and 1995). In May 2008, we conducted a tracking survey to determine whether it would be
possible to follow-up with individuals that were originally surveyed 20 years earlier. Detailed
quantitative and qualitative information was collected from village leaders and residents,
including previously surveyed individuals, to re-identify households that participated in the 1988
data collection and to locate the households that split from the original units to establish new
households over the 20-year period.
Norman et al. (1972; 1976) and Udry (1990, 1994, and 1995) provide a thorough depiction of
these rural, agricultural communities. The following is an update on the basis of the extensive
quantitative and qualitative fieldwork conducted in 2008. The predominant crops (maize, guinea
corn and rice) cultivated by these rural, agricultural households remained relatively similar to
those cultivated in 1988, with the exception of a few crops that were no longer grown in in the
area in 2008 (tobacco, sorghum and cotton). The timing of planting and harvest seasons in the
villages also remained generally invariant over the 20-year period. Dry season farming was still
prevalent in the survey villages, though irrigation on household plots expanded greatly over time.
Electricity was found in three of the four villages in 2008 through the use of motorized
generators and electric lines, but well water remained the primary source of drinking water in
three of the villages (in the fourth a borewell was the primary source). Households reported, as in
1988, that savings in the form of livestock, agricultural equipment and grains were their primary
means of storing wealth, although village leaders also reported a higher prevalence of mutual
savings or adashi groups in three of the four survey villages, as well as increased use of savings
accounts in commercial banks. Although the communities have undergone considerable changes
over the 20-year period, in many ways they remain relatively similar, agricultural, and
disadvantaged.
4.2 Data Collection
We used roster data from the 1988 survey to confirm members of the household, ages, and
relationships. Many 1988 household heads were identified within their original villages. Due to
the rural setting, the vast majority of individuals surveyed in 1988 remained in the village after
marriage and some formed new households. This is especially true for sons of the household
heads who divided family assets after they were married. For the purposes of tracking, a
household was considered to be an original household if the previously surveyed head, spouse, or
one of the head’s eldest male children remained in the household. A split household was
classified as a household that contained a member of an originally surveyed household residing
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
18

This work was led by Christopher Udry who was hosted by Amadou Bello University in Zaria.
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in a new dwelling within the village in 2008. Unfortunately, there were not sufficient resources
to track individuals outside of their villages, but information on the location of residence was
collected for all individuals previously surveyed in, which is analyzed in Dillon, Mueller, and
Salau (2011).
A total of 169 of the 200 original 1988 households (84.5%) were identified within the survey
villages through the tracking exercise. The 407 households that split from these original
households within the survey communities were incorporated into the 2008 data. Therefore, there
are a total of 576 households in the 2008 re-survey. The tracking exercise benefitted greatly from
help of village leaders and residents, as well as the fact that many former respondents kept
certificates of appreciation or photographs from the previous survey. Furthermore, the tracking
exercise was aided by numerous instances where former respondents held on to land
measurement certificates provided to them as part of the 1988 survey, which served as valuable
documentation of their land holdings. The tracking exercise provided not only useful information
on tracking and attrition in the sample, but also the opportunity to undertake qualitative work in
the villages and develop the household questionnaires. In addition to the qualitative interviews
on village and household characteristics, a community questionnaire was administered to a group
of community leaders to provide information on village infrastructure.
We designed a detailed set of survey instruments to replicate the interview structure used in
1988, in which a male and female respondent were asked to report on gender specific agriculture,
assets, labor, and credit activities. Survey fieldwork began in November 2008 after the
completion of the tracking exercise and follow-up questionnaire design process. The timing of
the resurvey corresponded with the dates of the relevant data collection round in 1988. In
addition to closely following the sequencing and phrasing of questions from the original survey,
the fieldwork was organized to carefully replicate the meticulous strategy described in Udry
(1990) where male enumerators interviewed the head male and female enumerators interviewed
the head female in each household. We conducted an intensive field-testing and enumerator
training to assure uniform implementation of the questionnaire in the field. The primary design
differences between the 2008 and 1988 questionnaires were the inclusion of retrospective
questions about shocks and information on gender-disaggregated asset ownership. In 1988 a
similar set of assets was used, but information was only collected from the (typically male)
household head. Differences in household assets do not vary substantially due to the inclusion of
additional asset items commonly held by households in the 2008 questionnaire; as such, the list
used in the 1988 questionnaire was relied on to ensure compatibility. 19
4.3 Attrition
Table 1 presents evidence regarding the attrition from 1988 to 2008. Of the original households,
84.5 percent were found and resurveyed in the follow-up 2008 survey. The attrition rate in the
sample is within the bounds of attrition found in other panel surveys reviewed by Alderman et al.
(2001). Common sources of selection bias in other studies include wealth or household
demographics, which may downwardly bias estimates.20 The explanatory variables in the
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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The household list of assets did differ by a few additional durable items that were not common in 1988 such as
DVD and videos. However, in 2008 these assets were a distinguishing feature of increased household wealth, as
identified by our discussions with villagers during the tracking and design phases of the research.
20
Education levels are extremely low in this sample, so concerns about higher attrition rates among more educated
households are not.
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attrition regression include the age of the household head, the household head’s occupation,
household composition, land size among types (gona and fadama), number of livestock, value of
livestock, and value household assets. Gona land is highland and is general considered less
valuable than fadama land, which is defined as a lowland area that retains water throughout a
longer period of the planting and growing seasons. Table 1 demonstrates that the moderate
household level attrition is not statistically significantly correlated with many variables. That is,
the explanatory variables do not significantly predict attrition. There is, however, a significant
correlation with the number of men and the number of household head dependents, suggesting
that smaller households with more males may have been more likely to migrate out of the
follow-up data sample or attrite for other reasons. As a result, these factors will be controlled for
in the forthcoming econometric analysis.
[Table 1]

5. Econometric Strategy
The empirical strategy used to estimate the effects of initial household endowments on asset
dynamics is motivated by the poverty dynamics literature, where lagged assets and household
and village characteristics determine future asset stocks, subject to stochastic shocks over time
(Carter and Barrett 2006; Barrett et al. 2006). In addition, the analytical approach is also
motivated by recent studies pushing the frontier of asset accumulation modeling.21 Hence, we
estimate both parametric and non-parametric specifications. The parametric approach (equation
6) regresses the natural log (NL) of the change in household assets from 1988 to 2008 per capita
($+∆ ) on a fourth degree polynomial function of the NL of lagged households asset endowments
per capita from 1988 ($r+qq ) via Ordinary Least Squares (OLS), where h indexes households and
n indexes the polynomial order (s = 4). We include lagged asset endowments from 1988 to
control for initial endowments. However, a key challenge when estimating asset growth is that
initial endowments may be strongly correlated with unobservable household characteristics, such
as innate ability, entrepreneurial ability, or risk aversion, which can then influence the asset
changes themselves. If these characteristics are time invariant, then our estimation strategy
controls for the effect of these unobservables.22 Parametric estimations of asset dynamics for five
different household level per capita assets measures are analyzed: total asset value, capital value,
livestock value, fadama land size, and fadama land value.
We specify parametric fourth order asset dynamics regressions controlling for the NL (when
appropriate) of household demographic and land characteristics per capita from 1988 (u+ ),
stochastic shocks over the 20-year period (v+ ), and community level fixed effects (ow ), where c
indexes villages. Household demographic characteristics (u+ ) include household head
characteristics, such as the household head’s age, age squared (to control for lifecycle effects),
and primary school attendance, household composition measures, including number of men,
wives, and dependents, as well as land holdings. Stochastic shocks over the 20-year period (v+ )
are self-reported by the household for the following events: deaths, illnesses, theft, and
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
21

Examples include Naschold, (2012 and 2013), Carter and Barrett (2006), Barrett et al. (2006), Barrett and Carter
(2013), Quisumbing and Baulch, (2013), and McKay and Perge (2013).
22
See Jalan and Ravallion (2004), Barrett et al. (2006), and Quisumbing and Baulch (2013) for more details of this
potential estimation challenge.
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destruction of crops and livestock. Lastly, we incorporate village indicators (ow ) to account for
community-level (observed and unobserved) heterogeneity, which are also referred to as villagelevel fixed effects. We present inverse hyperbolic sine (IHS) transformations of dependent asset
change variables along with logarithmic transformations for capital and fadama land size
measures because a sizable proportion of observations report small changes over the 20-year
period. This is justified because values below one and less than or equal to zero are undefined for
logarithmic distributions, but not for sine distributions (Johnson, 1949; Burbidge, Magee, and
Robb, 1988; MacKinnon and Magee, 1990; Pence, 2006).
$+∆ = -% + x_ $_+qq + xy $y+qq + xz $z+qq + x{ ${+qq + |u+ + Vv+ + ow + }w,+,#

(6)

with }w,+,# ∼ (0, Ä y )
A distinctive feature of equation 6 is that it enables parameter tests to identify nonlinear asset
dynamics of lagged assets and directly evaluate the presence of multiple dynamic equilibria or,
on the other hand, global convergence. Barrett et al. (2006) propose two parameter tests to test
for convergence where the null hypothesis is x_ = xy = xz = x{ = 0 and rejection of the null in
favor of xy = xz = x{ = 0 and −2 < x_ < 0 provides evidence in favor a unique dynamic
equilibrium (Barrett et al., 2006). Numerous studies have implemented these parameter tests to
directly test the presence of multiple dynamic equilibria, including Barrett et al. (2006),
Naschold (2013), as well as Quisumbing and Baulch (2013). However, one difficulty with these
tests is that xy = xz = x{ = 0 and −2 < x_ < 0 has no known (testable) alternative distribution.
As such, we propose a slightly simplified version of the parameter tests to test the presence of
multiple dynamic equilibria (without substantively changing the implications).
Accordingly, a null hypotheses can be formulated such that x_ < 0-and xy = xz = x{ = 0.
Rejection of the null hypothesis in favor of the alternative that x_ = xy = xz = x{ = 0 indicates
that dynamic poverty traps with multiple equilibria are in fact salient in these communities.
Conversely, failure to reject the null hypothesis, particularly that x_ < 0, demonstrates some
evidence of convergence to a stable, unique (global) equilibrium. The intuition for this parameter
test is that under convergence households with higher initial endowments will accumulate assets
slower than poorer households (hence, x_ < 0). In other words, relatively poorer households will
accumulate assets more rapidly that initially better off households. An absence of support for
convergence would suggest that multiple, dynamic poverty traps are present.
Given the inherent nonlinearity in poverty traps models, nonparametric approaches are often
better suited to estimating asset accumulation dynamics than parametric methods, though they do
not permit formal hypothesis tests. In particular, a locally weighted scatterplot smoothing
(LOWESS or LOESS) approach has the advantages of i) not imposing structure on the
relationship between the dependent and independent asset measures, ii) robustness to outliers as
a result of variable bandwidths, and ii) minimized boundary complications due to polynomial or
local (neighborhood) estimation (Cleveland, 1979; Cameron and Trivedi, 2005). This local
method entails estimation for each data point strictly taking into account other data points nearby
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(in the neighborhood), allowing for a flexible relationship to be identified by fitting smoothed
local functions through all the data points.23
In other words, this local linear method can be though of as a flexible generalization of OLS,
allowing for non-linearities outside of local neighborhoods. Local neighborhoods are defined as
a proportion of the total number of observations and weights for each local regression, which are
derived from a kernel function, vary inversely with distance from $+qq -. Disadvantages of kernel
methods include continuity conditions, computational intensiveness, and an inability to control
for covariates. Examples of asset dynamics research employing this type of approach, which is
becoming more common, include Lybbert et al. (2004), Barrett et al. (2006), Naschold (2013),
McKay and Perge (2013), and Quisumbing and Balch (2013), amongst others. Adapting the
notation from above, this can be represented as the following:
$+∆ = -É $+qq + }+,#

(7)

with }+,# ∼ (0, Ä y )
Many of the same advantages are inherent to a distinct non-parametric technique known as a
spline, which is designed for estimating highly curved data (Schumaker, 1981; de Boor, 2002). A
spline is essentially a piecewise polynomial function, where the function is most commonly a
cubic polynomial because it provides the best combination of local variation and goodness of fit
(Ruppert, Wand, and Carroll, 2003; Wand et al, 2005). With a spline the data is divided into
local neighborhoods by knots (Ñ) that are positioned at equally spaced quantiles of the
independent variable of interest ($+qq ).24 In this case, we choose to implement a Penalized
Spline, which incorporates an infraction parameter (Ö) on the piecewise function when there is a
lack of smoothness between knots (Ñ).25 The optimal level of smoothing (Ö) is estimated from
the data via restricted maximum likelihood (REML).
One advantage of a penalized spline over a conventional spline is that estimation results are
robust to the selection of knots (French, Kammann, and Wand, 2001; Ruppert, 2002). Relative to
non-spline smoothing techniques penalized splines may be preferable because they are
implementable within a mixed model framework, facilitating automatic estimation of the
smoothing parameter (Ö) with maximum likelihood techniques and, relatedly, inference via
traditional likelihood ratio tests. Moreover, relative to a LOWESS approach, it is feasible
(though complicated) to allow for covariate adjustment of observable characteristics (such as, u+
,-v+ , and ow ). Keeping with the previous notation, this can be represented accordingly:26
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All LOWESS plots are estimated with a tri-cube weighting function and a bandwidth of 0.8. A larger bandwidth
of 0.8 generates a smoother function with lower variance and larger bias.
24
The number of knots (Ñ) is determined as: Üás "r#{ à , 35 , where D is the number of distinct integer values for the
independent variable. In other words, the number of knots (Ñ) is equal to the smaller of a quarter of the unique
values of $+qq or 35.
25
At one extreme, when complete smoothness is observed there is no penalty. However, when complete rigidity is
observed between knots the data is essentially fit linearly (OLS).
26
For a more detailed presentation of a penalized spline specification see Naschold (2013) or the abovementioned
references.
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It is important to note that while specifications 7 and 8 are potentially more flexible in the
estimation of non-linear relationships, they do not allow for direct hypothesis testing in the same
manner that parametric estimation does (equation 6). As such, these serve as complementary
methods. We estimate all three specifications for four distinct household conceptualizations to
verify whether different household definitions and tracking rules imply different parameter
estimates or statistically significant relationships. The four households concepts include:
!! Pooled - all original households and their split households in 2008;
!! Original - households that were originally interviewed in 1988 that still reside in
the same location and are composed of at least one of the original members who
was previously interviewed (i.e., the household head, the household head’s
spouse, or the oldest adult male child of the household head)
!! Split - households with members that were part of the initial household unit that
was interviewed in 1988, but no longer reside in the original household unit and
have formed a new household of their own.
!! Dynastic - households aggregated to include all original and split households
surveyed in 2008 into a single unit.
Pooled household results are presented first, which compare the change in assets over time for all
households. Results for original households are presented next, followed by split households.
Original households analysis compares the change in assets over time strictly for original
households, while split household analysis compares the change in assets over time for original
households in 1988 relative to split households in 2008. Lastly, we present dynastic household
results. Dynastic analysis compares the change in assets over time for aggregated 2008
household units relative to original households in 1988 to better reflect inter-generational
dynamics.

6. Findings
6.1 Descriptive Statistics
Table 2 presents descriptive statistics on the differences in household asset holdings and
demographic characteristics between 1988 and 2008 for the pooled household sample, as well as
original and split sub-samples. It is important to consider a variety of assets as different types
may have distinct productive uses and face different liquidity constraints. Table 2 also presents
descriptive statistics comparing original and split households in 2008. The pooled sample
consists of households originally surveyed in 1988 and resurveyed in 2008 as well as their splits.
The first comparison is of the original 1988 households with all of the 2008 households
(resurveyed original and split households pooled together). Total household asset values per
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capita increased by 6,355 Naira (NGN), which is statistically significant at the 1% level.27 This
was driven by a nearly equivalent change in the value of livestock. Livestock represents nearly
40% of total assets in 1988, roughly 92% in 2008, and almost all of the change for the pooled
household sample.
Household land size did not change significantly, though in per capita terms gona land (more
plentiful upland) holdings fell while fadama land (scarcer lowland) holdings increased slightly.
Primary school attendance of the household head increased significantly to 44%, but remained
low. Household demographic characteristics such as the age of the household head or number of
men and wives did not change drastically, assuaging concerns of bias due to aging of the sample.
Not surprisingly, the number of dependents in a household has increased by nearly two; this
change is statistically significant at the 1% level. The combination of population growth in these
villages with relatively consistent household level land ownership implies a potentially
substantial extensification in household land holdings, which may be a compliment or substitute
to agricultural intensification. The same general patterns hold for the original household
comparison in Table 2, though the change in land size and number of dependents is accentuated.
Again, this is not surprising given the progression of the sub-sample of original households
through the lifecycle.
Table 2 also compares asset holdings and demographic characteristics between original
households surveyed in 1988 and their dynastic equivalent in 2008. A household dynasty
consists of all the households that originated from the household surveyed in 1988. In other
words, the household dynasty conceptualizes an aggregate unit of the original household along
with all of its splits still residing in the community. Statistically significant changes in household
land holdings are accentuated when considering the dynastic household unit. Increases are
substantially larger. To be specific, household gona land size increased by 7 hectares and this
change is significant at 1%, while fadama land size increased by 3.6 hectares and this difference
is significant at 10%. This represents more than a three-fold increase in gona land (less valuable
and more plentiful upland) ownership and nearly a ten-fold increase in fadama land (more
valuable and scarcer lowland) holdings. Recall that this is in contrast to original and split
households (whether pooled or isolated), which demonstrate that household land holdings did not
change considerably and suggest a fairly egalitarian land distribution system.
When changes over the 20-year period are considered for dynastic units in combination with
substantial population growth, it becomes clearer that the total amount of land cultivated
increased substantially over the 20-year period. This represents a systematic extensification of
land use, as opposed to intensification of highly productive lands. The pattern of the changes in
the real value of different livestock is also suggestive of extensification. For instance, the percent
change in real values of fowl, donkeys, goats, and sheep ranges from 4 to 103% (respectively)
over the 20-year period. On the other hand, the percent change in real values of cows and bulls is
1,595%, roughly 16-fold the percentage increase in sheep value. The disproportionate increase in
cow and bull prices provides corroborating evidence of extensification (in place of
intensification, including mechanization of agricultural activities). The mounting population
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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All monetary values are presented in real terms. Nominal 2008 values are deflated to generate real 2008 values
based on the changes in exchange rates ($1 USD = 4 Naira in 1988 to 118 Naira in 2008).
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pressure and resulting demand for land is consistent with a sharp and persistent increase in
demand for bullocks to plough.
Furthermore, from 1988 to 2008 nearly universal household level land ownership dropped to
roughly two-thirds of households. This sizable increase in landlessness likely reflects mounting
population pressure on land resources as well as a diversification of income generating activities
towards livestock within agriculture, away from agriculture in general, and in favor of non-farm
activities. It is worth noting that the apparent extensification of land use and agriculture is
consistent with the themes that emerge from qualitative interviews conducted in the
communities. Lastly, Table 2 also presents a comparison of original and split households in
2008. Interestingly, these sub-samples are only significantly different in terms of household
demographic characteristics, not in terms of asset and land holdings.
[Table 2]
[Table 3]
Table 3 presents transition matrices of total household asset value per capita, household livestock
value per capita, and household capital value per capita over time for pooled and dynastic subsamples in order to tease out asset accumulation trajectories conditional on 1988 endowments.
The number of observations, mean values, and percent within row categories are disaggregated
across i) mean 1988 total household asset value per capita and by ii) asset quartile in 2008. In
other words, Table 3 presents a cross tabulation of asset distributions by i) the bottom and top
half of total assets values in 1988 with ii) quartiles of asset values 20-years later. Comparing
pooled sample results vertically (1988 bottom vs. top half), it is apparent that mean values of
household capital per capita do not differ considerably within 2008 quartiles, nor do the number
of observations or percentages. Although there appears to be more dispersion in capital
accumulation pathways for the dynastic sample, the aforementioned pattern generally holds. As a
whole, these overlapping distributions identify the potential for welfare transitions because 1988
endowment levels do not strictly determine accumulated 2008 capital stocks.
On the other hand, vertical inspection of the pooled sample transition matrices across 1998
endowment halves for the value of livestock per capita illustrates much larger differences in in
mean values, as well as a greater concentration and percentage of observations in the top-left and
bottom right corners. The top-left corner represents the overlap of the bottom-half of the
distribution in 1988 and the lower two quartiles in 2008, i.e. demonstrating a persistence of low
values over time for a collection of households. The bottom right-corner represents the overlap
of the top-half of the distribution in 1998 and the upper two quartiles 20-years later, i.e.
constantly higher values over time for a distinct subset of households. Unlike capital,
considerably less mobility is apparent across the 1988 livestock endowment and 2008
accumulated stock distribution over time for both the pooled and dynastic samples. Given that
livestock is an increasingly important asset in these communities, the total household asset value
transition matrices also exhibit a lack of mobility and primacy of initial endowments. This
pattern is suggestive of the presence of heterogeneous asset accumulation patterns and multiple
equilibria driven by livestock holdings, though econometric analysis is required to assess this
more precisely and to uncover the determinants of asset accumulation in these communities.
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6.2 Non-Parametric Results
In the second section of the empirical results we present non-parametric findings for five
dependent asset change variables across pooled, original, split, and dynastic samples to take a
closer look at asset dynamics and test the poverty traps hypothesis. Two complimentary sets of
non-parametric analyses are presented: LOWESS and Penalized Spline specifications (equations
7 and 8, respectively), which do not assume what type of relationship exists between changes in
assets over time and their lagged (1988) asset values. Instead of assuming a specific functional
form, we estimate the relationship by flexibly fitting a locally smoothed function through the
data following two distinct non-parametric approaches. As theorized by Carter and Barrett
(2006), multiple dynamic poverty traps are represented by a forward tilted S-plot revealing nonconvexities in the asset accumulation process, a critical Micawber threshold, and multiple
equilibria (i.e., intersections with the 45 degree diagonal line).
LOWESS (Figures 2-6) and Penalized Spline (Figures 7-11) plots are organized by asset type (as
opposed to household types).Per capita household-level measures of changes in asset stocks from
1988 to 2008 include total asset value, capital value, livestock value, fadama land size, and
fadama land value. In both sets of analysis the natural logs (NL) of asset changes are analyzed
with respect to the relevant logged lagged (1988) asset measures. Inverse sine (IHS)
transformations of dependent asset change variables are presented along with logarithmic
transformations for capital and fadama land size variables because a sizable proportion of
observations report small changes, which are undefined for logarithmic distributions below one,
and zero or negative changes. In addition to the relevant lagged asset measures, the analysis
presented in Figures 7-11 controls for key demographic, land, and stochastic shock covariates.28
Figures 2 (equation 7) presents the non-parametric LOWESS relationship for the NL of total
asset values (plot in blue) along with the linear fit (dotted line in green), against the 45-degree
diagonal (line in red). We present the change in total assets on the vertical axis with lagged total
assets on the horizontal axis. Figure 2 demonstrates a relatively linear relationship for total asset
accumulation for pooled, original, split, and dynastic households.29 Figure 3a presents the same
relationship for the NL of changes in capital and also illustrates a predominantly linear or
(slightly non-convex) pattern across household types; findings presented in 3b, which undergo
the IHS transformation instead, are similar. Figure 4 demonstrates a quasi-convex and slightly
more jagged non-parametric relationship for livestock, though the patterns remains relatively
linear. Figure 5 for IHS fadama land size presents non-linear and non-convex pattern to a greater
degree than the previous plots, particularly for the pooled, original, and split households; though
it is noteworthy that the dynastic relationship does not exhibit substantial non-convexities.30
Lastly, figure 6 for fadama land value illustrates a relatively linear or slightly convex relationship
for the pooled, original, and dynastic households. On the other hand, the relationship for the split
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
28

!The following are the same covariates included in parametric analyses: household head characteristics, such as the
household head’s age, age squared (to control for lifecycle effects), and primary school attendance; household
composition measures, including number of men, wives, and dependents, as well as land holdings (fadama and
gona) per capita; self-reported stochastic shock measures at the household level, including deaths, illnesses, theft,
and destruction of crops and livestock; and finally, village-level fixed effects.
29
LOWESS results for Figures 2-6 (not shown) are robust to a smaller bandwidth, such as 0.4, which minimizes
bias and increases variance relative to larger bandwidths.
30
An accompanying LOWESS plot is not presented for the NL of fadama land size change due to the large
proportion of small (less than 1) or negative fadama land size changes that produce negative or undefined values
under a NL transformation.
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households is the most non-linear, non-convex, and best represents the theorized forward tilted S
relationship.
[Figures 2-6]
Similarly, Figure 7 (equation 8) presents the non-parametric Penalized Spline relationship for the
NL of total asset values (plot in blue), against the 45-degree diagonal (line in red).31 Relative to
the LOWESS results, the Penalized Spline plots should better represent non-linear relationships,
if any are present, and portray the asset dynamics relationship more richly because they allow for
the inclusion of control variables. Figure 7 demonstrates a relatively linear relationship for total
asset accumulation for pooled, original, split, and dynastic households.32 Figure 7 does exhibit
more curvature than the comparable LOWESS plot (Figure 2), but is by no means indicative of
noteworthy non-convexities. Figures 8a and 8b for the NL and HIS (respectively) of changes in
capital looks nearly identical to the comparable LOWESS results (Figures 3a and 3b), which are
quite linear. The same can be said for Figure 9 regarding livestock (relative to Figure 4).
Regarding land size and land value, Figures 10 and 11 accentuate the degree of curvature in the
relevant LOWESS plots (Figures 5 and 6, respectively); particularly for dynastic households,
though the opposite takes place for split households.33 Take on their own, the Penalized Spline
results suggest the presence of non-linearities in the accumulation of land over the 20-year
period, but do not provide evidence in support of multiple, dynamic equilibria, which is
consistent with the LOWESS results.
[Figures 7-11]
6.3 Parametric Results
We present parametric findings (Tables 4-7) in the final section of the empirical analysis to
further explain asset dynamics and reveal whether or not there is evidence to support the
dynamic poverty trap hypothesis. Again, we present findings for the same five dependent asset
change variables across pooled, original, split, and dynastic samples. However, in this section the
results are organized by household concept instead of by asset type (unlike the previous nonparametric findings). These findings are based on parametric fourth order polynomial regressions
(equation 6). Like above, per capita household-level measures of changes in asset stocks from
1988 to 2008 include total asset value, capital value, livestock value, fadama land size, and
fadama land value. In both sets of analysis we regress the natural log (NL) of asset changes on
the relevant logged lagged (1988) asset measures.
Keeping with the approach in the non-parametric section, we present inverse hyperbolic sine
(IHS) transformations of dependent asset change variables along with logarithmic
transformations for capital and fadama land size variables when a sizable proportion of
observations report small, zero, or negative changes. Standard errors are clustered at the village
level (Huber, 1967; White, 1980). In addition to the relevant lagged asset measures incorporated
up to a fourth degree polynomial, the analysis presented in Tables 4-7 controls for key
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31

!We estimate penalized splines via the user-written pspline command in Stata (Jann & Gutierrez, 2008).!
Penalized Spline results for Figures 7-11 (not shown) are robust to covariate exclusion, ruling out substantive
differences.
33
An accompanying Penalizes Spline plot is not presented for the NL of fadama land size change due to the large
proportion of small (less than 1) or negative fadama land size changes that produce negative or undefined values
under a NL transformation.
32
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demographic, land, and stochastic shock covariates.34 We present findings for the change in total
asset values in column 1, capital value in columns 2a and 2b (NL and IHS, respectively),
livestock value in column 3, fadama land size in columns 4 (NL and IHS, respectively), and
fadama land value in column 5.
The focus of this section of the empirical analysis is on parameter tests of convergence that
indicate whether or not relatively poorer households accumulate assets more rapidly than those
with higher initial endowments. The results of these tests provide a basis for determining what
type of the equilibria and asset accumulation dynamics are present in these communities. The
parametric results presented in Table 4 (equation 6) for the pooled sample of households weakly
suggest a pattern of global convergence, whereby households (independent of initial
endowments) appear to converge to a unique stable equilibrium. In all the cases, the null
hypotheses that x_ < 0-can not be rejected at conventional statistical significance levels (1 or
5%, as demonstrated by the sizable p-values). Conversely, small P-values indicate that in most
cases the hypothesis that xy = xz = x{ = 0 can be rejected. Taken together, these parametric
results for pooled households cast doubt on the presence of multiple, dynamic poverty traps for a
variety of distinct, influential assets and in aggregate; though these findings are noticeably
stronger for capital and land than other assets.
[Table 4]
[Table 5]
We present analogous analysis in Table 5 for the original sub-sample of households. Similar to
the pooled sample, sizable p-values indicate that the null hypotheses that x_ < 0-can not be
rejected across the board. Unlike the pooled sample, p-values also indicate that there is more
evidence not to reject the hypothesis that xy = xz = x{ = 0. In combination, these parameter
test results suggest stronger global convergence and a lack of dynamic poverty traps for original
observations (again, especially for capital and land). Interestingly, the results we present in Table
6 for the split sub-sample of households illustrates strong evidence that the null hypothesis that
x_ < 0-can not be rejected for all five asset measures, but the evidence is least convincing for
total assets (which can be rejected at the 10% statistical significance level). That being said, the
general pattern suggesting global convergence does hold for split households (especially for
capital and land).
Lastly, the results we present in Table 7 for the dynastic household sample, which conceptualizes
the household as a single inter-generational unit over the 20-year period, also indicate a lack of
multiple, dynamic poverty traps in these communities. Once again, the null hypothesis that x_ <
0-can not be rejected in the vasty majority of instances, which is the driving result. In many
ways, the findings for the dynastic sample represent the same pattern as those for split
households. Evidence ruling out multiple, dynamic poverty traps is least convincing for total
assets, but is otherwise consistently strong (particularly for capital and land). Although the
overall findings are the same, the contrast in the pattern of the results for the pooled and original
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
34

!Covariates include: household head characteristics, such as the household head’s age, age squared (to control for
lifecycle effects), and primary school attendance; household composition measures, including number of men,
wives, and dependents, as well as land holdings (fadama and gona) per capita; self-reported stochastic shock
measures at the household level, including deaths, illnesses, theft, and destruction of crops and livestock; and finally,
village-level fixed effects.!
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samples in comparison to the split, and dynastic households, suggests a potential generational
discontinuity in asset dynamics.
[Table 6]
[Table 7]
These parametric findings are consistent with the observed extensification of land holdings in
response to population growth in these communities, emphasizing that the accumulation in
capital, livestock, and land assets is driven by household splits, as well as the themes that emerge
from the qualitative fieldwork. As a whole, these findings support global convergence and do not
support the multiple, dynamic poverty trap hypothesis. The results also demonstrate the
heterogeneity of results for distinct conceptualizations of the household unit and types of assets
studied, though all lead to the same conclusion in this study. Independently of each other, the
strength of these findings would be less clear.
Furthermore, when the descriptive, non-parametric, and parametric findings are taken altogether,
the consistent pattern of results provides persuasive evidence against the presence of multiple,
dynamic poverty traps in the study area over the 20-year period. In combination, they
demonstrate that there is scant evidence in support of non-convexities or multiple, dynamic
equilibria. In other words, these findings consistently suggest that although asset dynamics are
non-linear in some cases, dynamic poverty traps are almost certainly not present in these
communities. Additionally, non-parametric asset plots for pooled, original, and dynastic
households generally resemble each other, while the relationship for split households is
consistently the most non-linear and non-convex across asset types. In other words, distinct
household conceptualizations (and the tracking rules implied by them) matter for direct poverty
trap analyses and should be considered in the implementation of future data collection exercises
and longitudinal poverty research.

8. Conclusion
The main finding of this research is that that the effect of initial endowments on asset
accumulation over the study period is inconsistent with the poverty traps hypothesis. We arrive
at this conclusion despite evaluating the presence of poverty traps parametrically and nonparametrically over a relatively long period for numerous assets considering different types of
household units. Parametric results suggest that multiple, dynamic poverty traps are unlikely,
particularly for capital and land. Further, nonparametric findings emphasize that there is scant
evidence in support of non-convexities or multiple dynamic equilibria in these communities. The
evidence in favor of global asset convergence is similar to that found in McKay and Perge
(2013), Naschold (2013), Quisumbing and Baulch (20013), Antman and McKenzie (2007),
Lokshin and Ravallion (2004), and Jalan and Ravallion (2004). It is possible that dynamic
poverty traps do exist and cannot be identified due to the homogeneity of this data sample, which
may not fully represent the full range of the hypothesized forward tilted S-shaped asset
accumulation curve. However, it appears more likely that if any sort of poverty trap exists it is a
static poverty trap potentially impeding poverty alleviation in the entire study area.
A secondary, but noteworthy, result is that the rules for determining which observations to track
over time and resurvey as part of panel data collection exercises can have empirical implications.
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Although the parametric results are roughly the same across household conceptualizations, the
contrast in the pattern of the results for the pooled and original samples in comparison to the
split, and dynastic households suggests a potential generational discontinuity in asset dynamics.
Nonparametric findings also highlight the heterogeneity in the relationship between assets over
time, particularly for split households, which consistently demonstrate the most non-linear and
non-convex asset accumulation dynamics. Although global asset convergence is consistent
across household types, this study demonstrates that distinct conceptualizations and resurveying
rules have non-trivial empirical implications. As such, tracking rules for longitudinal data
collection should be formulated carefully with clear research objectives in mind.
Lastly, this research illustrates that the mechanism through which asset stocks grew over the 20year period is primarily driven by the change in livestock prices, particularly bullocks for
ploughing, in response to a substantial extensification of agriculture and population growth in the
study area. This increased demand for land has caused some households to move out of
agriculture, as evidenced by the larger share of households reporting no land holdings in the
2008 survey, but it has also increased demand for draft animals as an input into the agricultural
production process. As the survey villages remain primarily rural agricultural communities, even
after 20 years, changes in the labor market have been moderate, especially because men continue
to work in some secondary agricultural jobs during planting or harvest season; these jobs are
largely inaccessible for women in northern Nigeria. This situation has implications for asset
dynamics and welfare, as well as intra-household bargaining and gender equality. This is because
livestock, especially higher valued, large ruminants like bullocks and cows, are primarily owned
by males in northern Nigeria. As such, the observed extensificaiton of agriculture and land
holdings, along with the associated real prices changes, have likely reinforced gender asset
inequality in these communities over generations.
Overall, these findings suggest that households in northern Nigeria are able to grow over long
time horizons rather than remain strapped in poverty, though in our sample this growth rate is
relatively slow over the 20 year period. However, effective policy to reduce poverty in northern
Nigeria may still require improving households’ access to productive capital for enterprises and
livestock for agricultural production to increase the rate at which poverty reduction occurs within
the economy, particularly in poor, agrarian contexts. If rates of asset growth among the poor are
too slow to reduce the severe consequences of poverty, then policies to increase asset growth are
necessary. Social programs that protect the poor’s wellbeing in the short-term are
complementary to such policy efforts irrespective of whether or not poverty traps exist
considering that poor households are more vulnerable to shocks.
These results also have policy implications beyond the context in northern Nigeria, particularly
when considered with other recent studies on poverty traps. Identifying multiple, dynamic
poverty traps, particularly of the Multiple Financial Market Failure (MFMF) variety, would have
served as strong justification for an emphasis on credit and insurance focused interventions.
However, the absence of poverty traps evidence suggests that it may be more effective to
promote human capital accumulation, labor market mobility, and savings motivated
interventions. The lack of convincing dynamic poverty traps findings also suggests that it may be
best for future poverty traps research to focus indirect and behavioral research approaches, as
opposed to direct poverty traps tests. Finally, these results also raise doubts about the rational for
the randomized, small-scale experiment approach to development that has become pervasive
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over the last two decades. After all, if dynamic poverty traps do not exist and only static poverty
traps do, small local changes at the margin are unlikely to overcome the structural mechanisms
that promote chronic poverty.
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Tables

Table 1 – Household Attrition
Total value of assets
Total value of livestock
Total number of livestock (TLU)
Age of household head
Number of men
Number of wives
Number of household head dependents
Gona land size (Ha)
Fadama land size (Ha)
N
Adjusted R^2
Note: *** p<0.01, ** p<0.05, * p<0.1

34

Coef/SE
-0.000
(0.000)
0.000*
(0.000)
-0.012
(0.041)
-0.040
(0.030)
0.275***
(0.039)
-0.006
(0.012)
-0.345***
(0.087)
-0.159
(0.167)
0.020
(0.064)
196
0.141
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Table 2 - Differences in Means
Sub-Sample:
1988
Mean
SD

Pooled
2008
Mean
SD

T-Test (2008 - 1988)
Diff
SE

Total value of assets per capita

921.0

(1977.0)

7276.3

(15118.5)

6355.4***

(1072.7)

Value of livestock per capita

364.5

(1132.7)

6707.7

(14958.4)

6343.2***

(1059.2)

Value of capital per capita

209.3

(342.3)

563.6

(710.9)

354.3***

(52.27)

Gona land size (Ha)

3.172

(4.667)

3.181

(14.86)

0.00912

(1.069)

Gona land size (Ha) per capita

0.486

(1.026)

0.421

(1.495)

-0.0657

(0.114)

Fadama land size (Ha)

0.435

(1.027)

1.256

(12.75)

0.821

(0.903)

Fadama land size (Ha) per capita

0.0698

(0.243)

0.165

(1.431)

0.0952

(0.102)

Age of household head
Household head primary school attendance
(0/1)

39.83

(13.38)

40.55

(15.14)

0.719

(1.207)

0.135

(0.343)

0.443

(0.497)

0.308***

(0.0379)

Number of men

2.480

(1.601)

1.905

(1.382)

-0.575***

(0.118)

Number of wives

1.485

(0.814)

1.542

(1.036)

0.0567

(0.0807)

Number of household head dependents

3.600

(2.637)

5.467

(3.994)

1.867***

(0.303)

N

200

576

Sub-Sample:
1988
Mean
SD

Original
2008
Mean
SD

T-Test (2008 - 1988)
Diff
SE

Total value of assets per capita

921.0

(1977.0)

7251.0

(20054.8)

6330***

(1425.9)

Value of livestock per capita

364.5

(1132.7)

6737.9

(19832.6)

6373.4***

(1404.7)

Value of capital per capita

209.3

(342.3)

508.5

(738.0)

299.2***

(58.45)

Gona land size (Ha)

3.172

(4.667)

4.925

(21.38)

1.753

(1.553)

Gona land size (Ha) per capita

0.486

(1.026)

0.586

(1.829)

0.0995

(0.151)

Fadama land size (Ha)

0.435

(1.027)

0.992

(3.134)

0.557*

(0.235)

Fadama land size (Ha) per capita

0.0698

(0.243)

0.142

(0.496)

0.0718

(0.0397)

Age of household head
Household head primary school attendance
(0/1)

39.83

(13.38)

53.80

(16.25)

13.97***

(1.543)

0.135

(0.343)

0.207

(0.406)

0.0721

(0.0390)

Number of men

2.480

(1.601)

2.680

(1.652)

0.2

(0.170)

Number of wives

1.485

(0.814)

1.775

(1.090)

0.29**

(0.0993)

Number of household head dependents

3.600

(2.637)

6.533

(4.127)

2.933***

(0.355)

N

200

169

Sub-Sample:
1988
Mean
SD

Dynastic
2008
Mean
SD

T-Test (2008 - 1988)
Diff
SE

Total value of assets per capita

921.0

(1977.0)

5891.9

(7186.2)

4970.9***

(529.0)

Value of livestock per capita

364.5

(1132.7)

5430.2

(7161.5)

5065.7***

(513.3)

Value of capital per capita

209.3

(342.3)

1803.6

(2082.3)

1594.3***

(149.4)

Gona land size (Ha)

3.172

(4.667)

10.18

(26.39)

7.007***

(1.898)

Gona land size (Ha) per capita

0.486

(1.026)

0.428

(0.991)

-0.0581

(0.104)

Fadama land size (Ha)

0.435

(1.027)

4.020

(22.74)

3.585*

(1.610)

Fadama land size (Ha) per capita

0.0698

(0.243)

0.148

(0.726)

-0.0783

(0.0545)

Age of household head
Household head primary school attendance
(0/1)

39.83

(13.38)

55.59

(15.71)

15.76***

(1.493)

0.135

(0.343)

0.633

(0.483)

0.498***

(0.0427)

Number of men

2.480

(1.601)

6.094

(4.061)

3.614***

(0.311)
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Number of wives

1.485

Number of household head dependents

3.600

N

(0.814)

4.933

(2.637)

17.49

200

(3.598)

3.448***

(0.262)

(12.76)

13.89***

(0.923)

180

Sub-Sample:

2008
Original
Mean
SD

Split
Mean
SD

T-Test (Split Original)
Diff
SE

Total value of assets per capita

7251.0

(20054.8)

7286.9

(12541.4)

35.87

(1384.7)

Value of livestock per capita

6737.9

(19832.6)

6695.1

(12415.1)

-42.79

(1370.0)

Value of capital per capita

508.5

(738.0)

586.5

(699.0)

77.97

(65.03)

Gona land size (Ha)

4.925

(21.38)

2.456

(11.03)

-2.469

(1.357)

Gona land size (Ha) per capita

0.586

(1.829)

0.352

(1.329)

-0.234

(0.137)

Fadama land size (Ha)

0.992

(3.134)

1.366

(15.03)

0.374

(1.167)

Fadama land size (Ha) per capita

0.142

(0.496)

0.175

(1.673)

0.0331

(0.131)

Age of household head
Household head primary school attendance
(0/1)

53.80

(16.25)

35.04

(10.57)

-18.76***

(1.144)

0.207

(0.406)

0.541

(0.499)

-0.333***

(0.0434)

Number of men

2.680

(1.652)

1.582

(1.104)

1.098***

(0.118)

Number of wives

1.775

(1.090)

1.445

(0.998)

0.330***

(0.0939)

Number of household head dependents

6.533

(4.127)

5.025

(3.857)

1.508***

(0.360)

N

169

407
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Table 3 - Transition Matrices
Sub-Sample:

1988
Total Value of Assets
Per Capita

Bottom
Half
Top
Half

Pooled
2008
Variable:
Total Value of Assets
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
74
84
64
59
% within row category
26%
30%
23%
21%
Value
480.4
1968.9
4873.3
18937.3
N
63
75
75
73
% within row category
22%
27%
27%
26%
Value
494.1
1987.0
4962.2
23642.0

Bottom
Half
Top
Half

Sub-Sample:

1988
Total Value of Assets
Per Capita

Bottom
Half
Top
Half

Pooled
2008
Variable:
Value of Livestock
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
73
85
63
60
% within row category
26%
30%
22%
21%
Value
270.5
1441.9
4186.4
17894.8
N
67
70
76
72
% within row category
24%
25%
27%
26%
Value
360.8
1459.6
4385.8
23205.8

Sub-Sample:

Sub-Sample:

Bottom
Half
Top
Half

Sub-Sample:

1988
Total Value of Assets
Per Capita

Bottom
Half
Top
Half

Pooled
2008
Variable:
Value of Capital
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
76
60
69
77
% within row category
27%
21%
25%
27%
Value
111.9
235.0
408.0
1281.1
N
77
60
73
73
% within row category
27%
21%
26%
26%
Value
105.5
235.5
403.2
1221.3
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Dynastic
2008
Variable:
Total Value of Assets
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
26
19
19
22
% within row category
30%
22%
22%
26%
Value
869.8
2330.1
5450.9
12479.6
N
26
19
25
20
% within row category
30%
22%
29%
23%
Value
810.5
2600.1
5173.8
16580.2
Dynastic
2008
Variable:
Value of Livestock
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
26
20
19
21
% within row category
30%
23%
22%
24%
Value
651.5
1940.6
5145.6
11602.3
N
23
19
27
21
% within row category
27%
22%
31%
24%
Value
576.9
2016.1
4611.6
16250.2
Sub-Sample:

Bottom
Half
Top
Half

Dynastic
2008
Variable:
Value of Capital
Per Capita
1st quartile 2nd quartile 3rd quartile 4th quartile
N
17
20
21
28
% within row category
20%
23%
24%
33%
Value
134.8
247.0
376.2
863.3
N
22
21
26
19
% within row category
26%
24%
30%
22%
Value
128.4
253.9
369.8
945.1
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Table 4 - Pooled Asset Dynamics via Polynomial Ordinary Least Squares (OLS with Quadriatic Lagged Assets)
Dependent Asset:
Independent assets
LN 1988
HH Assets PC Variable
LN 1988
HH Assets PC Variable^2
LN 1988
HH Assets PC Variable^3
LN 1988
HH Assets PC Variable^4

(1)
(2a)
LN Change
LN Change
HH AssetsValue PC HH Capital Value PC
Coef/SE
Coef/SE
0.466
-0.126
(0.851)
(0.161)
-0.297
0.108
(0.356)
(0.084)
0.051
-0.037**
(0.048)
(0.016)
-0.002
0.003***
(0.002)
(0.001)

(2b)
IHS Change
HH Capital PC
Coef/SE
0.052
(0.093)
0.056
(0.055)
-0.017
(0.011)
0.001*
(0.001)

(3)
LN Change
HH Livestock PC
Coef/SE
0.312
(0.295)
-0.353***
(0.124)
0.075***
(0.019)
-0.004***
(0.001)

(4a)
LN Change
HH Fadama Land Size PC
Coef/SE
-3.568
(2.382)
-2.966
(1.987)
-0.750
(0.516)
-0.059
(0.042)

(4b)
IHS Change
HH Fadama Land Size PC
Coef/SE
1.218***
(0.263)
0.375***
(0.144)
0.016
(0.105)
-0.004
(0.032)

(5)
LN Change
HH Fadama Land Value PC
Coef/SE
-2.154
(3.929)
1.031
(2.210)
-0.184
(0.403)
0.011
(0.024)

Strong test of convergence (P-Val)
β 1 <0
β 2 =β3 =β4 =0

0.31
0.00

0.31
0.48

0.18
0.01

0.50
0.01

0.99
0.04

0.50
0.04

N
Adj R^ 2
Notes: *** p<0.01, ** p<0.05, * p<0.1

0.25
0.03
476
0.135

465
0.058

463
0.014

469
0.111

152
0.004

381
0.061

129
0.094

Table 5 - Original Asset Dynamics via Polynomial Ordinary Least Squares (OLS with Quadriatic Lagged Assets)
Dependent Asset:
Independent assets
LN 1988
HH Assets PC Variable
LN 1988
HH Assets PC Variable^2
LN 1988
HH Assets PC Variable^3
LN 1988
HH Assets PC Variable^4

(1)
(2a)
LN Change
LN Change
HH AssetsValue PC HH Capital Value PC
Coef/SE
Coef/SE
-1.363
-0.148
(1.095)
(0.272)
0.528
0.433***
(0.399)
(0.066)
-0.079
-0.145***
(0.052)
(0.019)
0.004*
0.012***
(0.002)
(0.002)

(2b)
IHS Change
HH Capital PC
Coef/SE
-0.013
(0.368)
-0.023
(0.061)
0.006
(0.037)
-0.000
(0.003)

(3)
LN Change
HH Livestock PC
Coef/SE
0.759
(0.806)
-0.367
(0.474)
0.067
(0.083)
-0.004
(0.004)

(4a)
LN Change
HH Fadama Land Size PC
Coef/SE
-3.234*
(1.660)
(-2.584)
1.261**
(-0.626)
0.301**
(-0.048)
0.023**

(4b)
IHS Change
HH Fadama Land Size PC
Coef/SE
0.916***
(0.282)
-0.299
(0.495)
-0.298
(0.470)
-0.034
(0.092)

(5)
LN Change
HH Fadama Land Value PC
Coef/SE
-6.409
(7.496)
3.113
(4.158)
-0.532
(0.745)
0.031
(0.043)

Strong test of convergence (P-Val)
β 1 <0
β 2 =β3 =β4 =0

0.15
0.00

0.49
0.43

0.21
0.01

0.50
0.38

0.98
0.28

0.50
0.02

N
Adj R^ 2
Notes: *** p<0.01, ** p<0.05, * p<0.1

0.31
0.01
140
0.042

133
0.107

463
0.014

138
0.122

38

49
0.068

381
0.061

41
0.131
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Table 6 - Split Asset Dynamics via Polynomial Ordinary Least Squares (OLS with Quadriatic Lagged Assets)
Dependent Asset:
Independent assets
LN 1988
HH Assets PC Variable
LN 1988
HH Assets PC Variable^2
LN 1988
HH Assets PC Variable^3
LN 1988
HH Assets PC Variable^4

(1)
(2a)
LN Change
LN Change
HH AssetsValue PC HH Capital Value PC
Coef/SE
Coef/SE
1.438*
-0.320
(0.832)
(0.377)
-0.731*
0.137
(0.396)
(0.169)
0.117**
-0.030
(0.058)
(0.035)
-0.006**
0.002
(0.003)
(0.003)

(2b)
IHS Change
HH Capital PC
Coef/SE
0.059
(0.067)
0.052
(0.057)
-0.018**
(0.008)
0.001**
(0.000)

(3)
LN Change
HH Livestock PC
Coef/SE
0.114
(0.528)
-0.331
(0.261)
0.075
(0.048)
-0.004
(0.003)

(4a)
LN Change
HH Fadama Land Size PC
Coef/SE
-4.037
(3.010)
-3.349
(2.403)
-0.851
(0.607)
-0.067
(0.049)

(4b)
IHS Change
HH Fadama Land Size PC
Coef/SE
1.234***
(0.399)
0.444
(0.311)
0.055
(0.123)
-0.002
(0.018)

(5)
LN Change
HH Fadama Land Value PC
Coef/SE
-8.395*
(4.762)
4.532*
(2.697)
-0.807*
(0.485)
0.046*
(0.028)

Strong test of convergence (P-Val)
β 1 <0
β 2 =β3 =β4 =0

0.09
0.16

0.22
0.00

0.42
0.00

0.50
0.02

0.97
0.15

0.50
0.00

N
Adj R^ 2
Notes: *** p<0.01, ** p<0.05, * p<0.1

0.23
0.48
336
0.168

332
0.049

463
0.014

331
0.125

103
-0.001

381
0.061

88
0.198

Table 7 - Dynastic Asset Dynamics via Polynomial Ordinary Least Squares (OLS with Quadriatic Lagged Assets)
Dependent Asset:
Independent assets
LN 1988
HH Assets PC Variable
LN 1988
HH Assets PC Variable^2
LN 1988
HH Assets PC Variable^3
LN 1988
HH Assets PC Variable^4

(1)
(2a)
LN Change
LN Change
HH AssetsValue PC HH Capital Value PC
Coef/SE
Coef/SE
-0.981*
-0.302
(0.525)
(0.267)
0.445**
0.271
(0.222)
(0.235)
-0.066**
-0.073
(0.034)
(0.056)
0.003**
0.006
(0.002)
(0.004)

(2b)
IHS Change
HH Capital PC
Coef/SE
0.066
(0.080)
-0.068
(0.012)
0.003
(0.002)
0.000
(0.000)

(3)
LN Change
HH Livestock PC
Coef/SE
0.286
(0.612)
-0.105
(0.345)
0.016
(0.061)
-0.001
(0.003)

(4a)
LN Change
HH Fadama Land Size PC
Coef/SE
-3.758**
(1.628)
-3.003*
(1.541)
-0.763*
(0.440)
-0.061
(0.038)

(4b)
IHS Change
HH Fadama Land Size PC
Coef/SE
0.744
(0.516)
0.327**
(0.150)
0.242
(0.358)
0.068
(0.101)

(5)
LN Change
HH Fadama Land Value PC
Coef/SE
0.813
(2.579)
-0.594
(1.419)
0.101
(0.261)
-0.005
(0.016)

Strong test of convergence (P-Val)
β 1 <0
β 2 =β3 =β4 =0

0.08
0.02

0.23
0.01

0.34
0.05

0.50
0.16

0.88
0.00

0.50
0.49

N
Adj R^ 2
Notes: *** p<0.01, ** p<0.05, * p<0.1

0.17
0.45
156
0.116

155
0.137

463
0.014

153
0.167

39

88
0.156

381
0.061

86
0.164
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Figure 2 - Change in Total HH Assets Value PC (LN*)
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Figure 3a - Change in Capital Value PC (LN*)
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Figure 3b - Change in Capital Value PC (IHS*)
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Figure 5 - Change in Land Size PC (IHS*)
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Figure 6 - Change in Land Value PC (LN*)
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Figure 7 - Change in Total HH Assets Value PC (LN*)
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Figure 8a - Change in Capital Value PC (LN*)
Change in HH Capital Value
0 2 4 6 8

Pooled

0

2
4
6
1988 HH Capital Value

8

Change in HH Capital Value
0 2 4 6 8

Change in HH Capital Value
0 2 4 6 8

Change in HH Capital Value
0 2 4 6 8

Estimator - Penalised Spline

Split

0

2
4
6
1988 HH Capital Value

8

Penalized Spline

Original

0

2
4
6
1988 HH Capital Value

Dynastic

0

2
4
6
1988 HH Capital Value

8

45 degree line

*Note: All values presented as per capita (PC) natural log transformations (NL)

!
44!
!

8

!

!

Figure 8b - Change in Capital Value PC (IHS*)
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Figure 10 - Change in Land Size PC (IHS*)
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Figure 11 - Change in Land Value PC (LN*)
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*Note: All values presented as per capita (PC) natural log transformations (NL)
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