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1. Introduction 

1.	 This paper proposes a model that attempts to address poverty dynamics and pro-
vides an additional dimension to poverty for countries in the Southern African region. 
Most importantly, this study could facilitate the design of effective long-term poverty 
reduction policies. Additionally, chronic poverty alleviation is clearly a priority for gov-
ernments since persistent suffering from low income, no income, unemployment and 
the associated outcomes of HIV/AIDS, malnutrition and poor education tend to have 
long-term effects, particularly on child development and on the overall development of 
Southern Africa. 

2.	 To focus on both short-term and long term spells of poverty, this study outlines 
a statistical model for determining poverty dynamics thereby making available informa-
tion on various statistical tools and provides a justification for use by policy-makers and 
researchers for analyzing characteristics and changes in circumstances that drive the transi-
tions in and out of poverty. 

3.	 Poverty in Zambia remains stubbornly at high levels and continues to be a deep-
rooted problem facing the people and government. However, according to the Central 
Statistics Office (CSO), poverty incidence is declining and is currently estimated at 67 
percent (as at 2003) down from 78 percent in 1996.  However, these figures are based on 
cross sectional estimates of the population and do not say anything about the persistence 
of poverty and changes in circumstances that drive the transitions in and out of poverty in 
households. Additionally, the figures can not provide explanations to the following issues: 
whether households remain trapped in poverty over generations; whether poor house-
holds are the same over time and whether families or households fluctuate in and out 
of material hardship due to changes in employment status, family structure, agricultural 
conditions, health problems and other household crises.

4.	 Furthermore, this paper supports the need for governments to know and be aware 
of the existence of poverty drivers. Knowledge of the existence of poverty drivers will allow 
governments to focus policies on promoting specific channels and opportunities for the 
poor.

5.	 We follow an analytical approach to poverty dynamics from applying theoretical 
models that explain the above stated poverty issues and include: human capital theory 
(Becker 1975, Bane and Ellwood 1986, Ehrenberg and Smith 1991) ; permanent income 
and life-cycle hypotheses (Dornbusch and Fischer 1990, Lillard and Willis 1978, Duncan 
and Rodgers 1991, Stevens 1999); flawed character theories (Schiller 1976, Duncan 
1984); Oscar Lewis’ “culture of poverty” theory (Oscar Lewis 1968, Duncan 1984); 
and the restricted opportunity theories / dual-labour market theory (Duncan 1984), 
among others.  These theories, among others, together provide a multi-dimension to the 
determinants of poverty. 
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6.	 The most notable empirical literature that explains poverty dynamics using statisti-
cal techniques like econometrics include: Bane and Ellwood (1986) and Canto (2000) 
using the spell or hazard models; Lillard and Willis (1978) using the component variance 
analysis; and Cappellari and Jenkins (2004) using the first-order Markov model.

7.	 Following Canto (2000:18-22), the distance of household income to the poverty 
line, the dependency index and the retirement status of the household head are expected 
to register a higher absolute value poverty durations. The dependence index and the re-
tirement status are highly correlated (especially the dependency index) to the point in the 
income distribution where the household is placed after an exit from poverty. However, 
conditioning on the distance from the poverty line may not change the estimations of 
duration status. 

8.	 There is no differentiated net effect of the sex of the head of household on the re-
entering probability found for the sample of households registering an exit from poverty. 
The sex variable is only significant if mixed with civil status and age. The older the female 
heads are, the higher their probability of re-entering poverty soon after exit. The marginal 
effect of age is larger (even if with a much lower initial probability of returning to poverty) 
if these females have a spouse present in the household than if they do not have one. The 
inequality in the probability of re-entering poverty within the group of female heads with 
spouse is higher than within the group of female heads without a spouse. The latter have 
a higher risk of falling back into poverty while being more homogeneous with respect to 
age. The presence of a spouse in the household, whatever her/his labour market status, is 
an advantage when maximizing the length of the non-poverty spell if the household man-
ages to exit poverty sometime.

9.	 Results on the coefficient of the sex variable in the exit and re-entry equations indi-
cate that male-headed households should expect shorter poverty spells than female headed 
households. Little can be said, however, on the implications of an exit from poverty for 
each of these groups. Nonetheless, most re-entry models give some evidence on the likeli-
hood of a ‘good quality’ exit from poverty for female headed households with a spouse. 
Despite the fact that its effect increases as the age of the head increases.

10.	 As one would expect, studies on the correlation of the number of income earners 
in the household and the risk of poverty, come to the general conclusion that households 
without income earners (head aged <60) have a higher risk of poverty than households 
with one or more income earners. However, some country specific differences exist. For 
instance, European countries, in general, register lower poverty rates for no-earner house-
holds than countries like the US or Australia. Within Southern Africa, Zambia could be 
placed in the group of countries in which the lack of earners in the household is more 
correlated with poverty. In the Zambian case, we could find that a large number of de-
pendants in the household (over 75 percent of household members) promotes both short-
term and long-term poverty spells with very short periods of non-poverty. Moreover, de-
pendants of a short age (especially between 3 and 6 years of age) increase even more the 
expected poverty spell length.

12.	 The distribution of permanent and transitory poverty between rural and urban parts 
of the country is particularly interesting in terms of policy. Intuition would lead one to 
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consider the higher number of short-term labour market opportunities in cities to predict 
a higher importance of transitory poverty there. Little differences, however, could be found 
between townships in household poverty exit hazard rates (length of the poverty spell).

13.	 Regarding the re-entry, an income improvement is of a ‘better quality’ in cities 
than in rural towns. Re-entry variations are also expected within cities and rural towns. 
For instance, those in low density areas will have a better quality improvement than those 
in high density areas. The expected time out of poverty after an exit in cities or urban parts 
of the country is smaller than in rural areas. Thus, it is the re-inflow (and not the outflow) 
into poverty that is higher in cities and / or urban than in rural areas.

14.	 Households with an unemployed head are expected to have long-term poverty 
spells mixed with some short spells of non-poverty (controlling for educational back-
ground, non- HIV/AIDS status). Out of this group, those without Unemployment Insur-
ance (UI) or Income Support (IS) (either because they are not eligible for it or because it 
has already ended) are expected to have a higher probability of leaving poverty compared 
to those who are receiving these benefits. In the re-entry equation, however, their prob-
ability of returning to poverty shortly after escaping it is largely higher than that of the 
unemployed with benefit. Thus, higher welfare instability is expected from households 
whose head is unemployed but is not receiving a benefit than otherwise. For those receiv-
ing UI or IS, some welfare instability is also expected but spells of poverty or non-poverty 
will be longer. This result on welfare instability is similar for households whose head is 
self-employed. Some under-reporting of income for the self-employed is expected while 
the highest instability may come from the inclusion in this group of self-employed farm-
ers without dependent workers.

15.	 In attempting to approximate both the income jump associated with the house-
hold’s exit from poverty and the stability of the jump in itself, Canto (2000), used dum-
mies for the distance from the household’s equivalent income to the poverty line using 
both non-left censored and censored spells equations�. All dummies have been estimated 
to be strongly significant and show higher coefficients as the distance increases, implying 
long exit spell. Thus, the further up in the income distribution the household ends at after 
an exit, the less probable it is to fall back into poverty shortly after. The inclusion of dura-
tion dummies in the re-entry equation reduces the significance of the dummies which de-
scribe the household’s distance to the poverty line after an exit. These dummies, however, 
have been found to be significant with slightly lower coefficient estimates. The size of the 
jump in equivalent income terms will emerge as a clear determinant of welfare stability 
whereas the original household income level with respect to the poverty line (poverty gap) 
before moving out of poverty will be of less importance in determining the household’s 
exit probability, using exit probability equations.

16.	 All duration dummies in both the exit and the re-entry equations show strong 
negative coefficient signs, duration in a state (in or out of poverty) promotes stability in 
that state. However, an exit from poverty does not assure a long non-poverty spell given 
that the duration out of poverty is not a characteristic which is inherent to the house-
hold but a quality which is acquired as the spell evolves. After some time (usually years) 

� Non censored and censored equations are illustrated under the modeling section. 
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out of poverty, the probability of a move from above to below the poverty line becomes 
extremely low (can be shown by the non-parametric hazard rate). However, this strong 
correlation may be seriously biased by unobserved heterogeneity. Even if this was the case, 
the inclusion of unobserved heterogeneity in the regression is normally recommended in 
order to obtain unbiased estimates of other independent variable coefficients. In terms of 
the marginal effect of duration on the re-entry hazard rate, one finds that it is somewhat 
weaker than that found for duration on the exit hazard.

17.	 The importance of inclusion of seasonal dummies in regressions is to control for 
the effects of quarterly income fluctuations. Dummies for yearly time effects could also be  
included. These control for the evolution of low income dynamics over time. The com-
bined interpretation of exit and re-entry equation coefficients for these variables could be 
examined too. In this study, between 1996 and 1998 and 2002 and 2003, a decrease in 
the re-entry probability of households who had managed to exit poverty is observed. We 
look for the year with the strongest effect and changes in the poverty exit duration. An 
indicator for poverty becoming less likely is a negative coefficient in the exit equation, 
while those experiencing an exit are likely to return to poverty shortly after.

18.	 The rest of the paper is organized as follows. Section 2 provides a detailed look at 
the statistical resources. Section 3 gives a theoretical analysis of issues relating to poverty 
duration and transitions. Section 4 provides an overview of the feasibility of carrying out 
poverty dynamics studies in Zambia. This section addresses whether household panel data 
is available and to what extent or how it could be gathered to provide the necessary data 
for the poverty dynamics analysis. Finally, we propose the best poverty exit measurement 
model.  Section 5 is the conclusion. 
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2. A Detailed Look at the Statistical Resources

19.	 Potential countries which could form the basis for considerations for poverty dy-
namics studies in Southern Africa were identified as South Africa, with the best statistical 
resources, Botswana and Zambia. Of the three countries, only Zambia is implementing 
the Poverty Reduction Strategy Paper (PRSP). However, all the three countries need a 
concrete basis for designing poverty eradication policies. The starting point to policy for-
mulation is to generate appropriate statistical data such as panel data and then to develop 
capacity to use econometric models to analyse and formulate policies which are aimed at 
reducing poverty. Additionally, focus is shifting from qualitative poverty analysis only to 
combining statistical / econometric and qualitative analyses that lead to in depth analyses 
of poverty dynamics in terms of durations and transitions. These types of studies require 
certain type of data- panel data- to effectively model poverty durations and transitions in 
these countries. Due to a number of factors, this paper only presents statistical resources 
and analysis for Zambia.

2.1. Population Characteristics and Macroeconomics

20.	 The Central Statistical Office (CSO) is the organisation that is mandated to produce 
official country statistical data. The need to monitor the living conditions of people became 
focused during the 1990s when the country vigorously started implementing the Structural 
Adjustment Programme (SAP). The Government and its cooperating partners realized that 
a segment of the population was adversely affected by these policies and programmes meant 
for economic reforms. After the year 2000, due to the sustained poverty and deteriorating 
socio-economic situation, the Government and the donor community were prompted to re-
assess various development and assistance strategies from the point of view of poverty reduc-
tion. This reassessment culminated into the development of the Poverty Reduction Strategy 
Paper (PRSP) in 2001. The success of this programme has relied on the institutionalization 
of a monitoring framework at both the household and community level. 

21.	 The CSO has been conducting household based Living Conditions Monitoring 
Surveys (LCMS) since 1996 for monitoring various Government and donor policies and 
programmes. However, the LCMS evolved from the social Dimensions of Adjustment 
Priority Surveys (PS) conducted in 1991 (PS I) and 1993 (PS II). 

22.	 Zambia has conducted three LCMS so far, namely; (i) LCMS I of 1996, (ii) LCMS 
II of 1998 and (iii) LCMS III of 2002/2003.

23.	 The statistical data covered in the above stated LCMS are on living conditions of 
households and persons in the areas of education, health, economic activities and em-
ployment, child nutrition, death in the households, income sources, income levels, food 
production, household consumption expenditure, access to clean water and safe water 
and sanitation, housing and access to various socio-economic facilities and infrastructure 
such as schools, health facilities, transport, banks, credit facilities, markets, etc.
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24.	 The Country’s Ministry of Finance and National Planning (MoFNP), which mon-
itors the implementation of the Poverty Reduction Strategy Paper (PRSP), among oth-
ers, “has acknowledged the failures in reducing poverty in the country”� (MoFNP, 2004: 
13). This is also highlighted in the Living Conditions Monitoring Survey (LCMS III) of 
2002/2003, which estimated the incidence of poverty at 67 percent with extreme poverty 
at 46 percent. As at 2003, the rural areas have the highest levels of poverty at 72 percent 
and 28 percent in urban areas. The LCMS III� reports that income distribution continued 
to be highly uneven. Additionally, Figure 1 reports that the poverty situation in Zambia 
has been declining since 1996 (MoFNP, 2004: 13). Also, the Gini coefficient declined in 
2002 to 0.57 from 0.66 in 1998, indicating some decline in income inequality in Zambia 
although income inequality still remained high.

25.	 The Country’s economic growth rate, one of the determinants of poverty, has been 
below an annual average of 8 percent needed to reduce poverty (see Appendix 1). The 
decline in the mining sector between 1995 and 2002 from around 12 percent of GDP to 
about 8 percent of GDP adversely affected the social fabric or living standards in Zambia 
as many people on the Copperbelt province depended on the mines for business con-
tracts, wages, salaries and social provisions (including sports facilities, schools and clinics). 
The loss of jobs by household heads as a result of the privatization programme also had an 
effect on poverty through loss of income by households. 

Figure 1. Poverty Situation in Zambia

Source: MoFNP, 2004 Economic Report, P.13

Percentage Distribution of Population Aged 12 years and above 

� This is in reference to the prevailing high levels of poverty in the country.
� See Appendix 3 for details on statistics.
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Figure 2. Population Characteristics, 2002-2003

Source: CSO, LCMS III 2002-03, p. 58

26.	 Employment (formal or informal), as it relates to the labour market, is also a major 
determinant of poverty. According to the CSO’s LCMS III of 2002/03, out of the total 
population aged 12 years and above, 70 percent constitute the labour force. Of these, 59 
percent were employed�. Of the remaining 30 percent who were in the inactive popula-
tion, 27 percent of them were full-time students� and 1 percent were retired or too old to 
be employed (see Appendix 2).

27.	 Figure 2 shows highlights on the characteristics of employment by sex, residence 
and national wide. Figure 2 indicates that the proportion of women in the labour force 
in relation to other women who were inactive was higher than that of the men. There are 
more men in employment than women and no major differences in the unemployment 
rates between males and females. Additionally, in terms of residence, higher unemploy-
ment is a phenomenon more prevalent in urban areas than rural areas. 

� “The employed population comprises of persons who performed some work or conducted business, for pay, profit 
or family gain”. CSO, (2004: 56)
� Full-time Students are classified as part of the economically inactive population, which is defined as persons aged 12 
years and above who were not economically active. Inactive population also includes full-time home makers, retired 
persons and not doing any gainful work or business, vagabonds, the invalids, tramps, etc.
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Figure 3. Provincial Population Characteristics, 2002-02

Source: CSO, LCMS III 2002-03, p. 58

28.	 Figure 3 shows that eastern province has the highest proportion of employed popu-
lation aged 12 and above followed by Western, Northern, Luapula and Central provinces. 
Unemployment� is highest on the Copperbelt and Lusaka provinces (see Appendix 2).

2.2. Poverty Status

29.	 Poverty analysis is premised on the availability of panel data on household expen-
ditures and income levels; including gender status of household heads; employment and 
health status of household heads; levels of child health and nutrition (unvaccinated, re-
ceiving food supplement, etc); types of household cooking devices and type of household 
energy source accessed (kerosene/paraffin, electricity, candle, diesel, open fire, solar, etc) 
and other household amenities and access to facilities such as, household’s access to the 
internet or information and communications technology (ICT).  Additionally, we need 
data on geographic location (such as urban, rural, province) and which is available. These 
key data variables, with others, could then be analysed by using various dynamic specifica-
tions of the multi dimensionality of poverty.

30.	 Zambia’s population (10.8 million) is regarded as being young with 46 % of the 
population being under 15 years old. Of the population 12 years and older, 47% had 
never been married, 43% are married, 5 % are widowed, 4% divorced and 1% separated. 
However, the average household size is six (6).

� Unemployed population is defined as that which “constitutes persons who, at the time of the survey, were either 
looking for work/means to do business or were not looking for work/means to do business but were available for 
work/business”. CSO, (2004:57) 
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31.	 In terms of orphaned children, 20% of all children below 19 years are orphans. Of 
all the orphaned children, 4% are maternal orphans, 11% are paternal orphans and 5% 
are double orphans. The proportion of orphans increased with increasing age.

Household Income status:

32.	 According to the LCMSIII, households generally receive low incomes. About 92 
% of rural households and 68 % of urban households receive K600,000 (US$150) or 
less. The mean monthly income for urban households receive K790,652 (US$197.66) 
and K283,796 (US$70.95) for rural households. The average monthly income for urban 
households was almost 3 times that of rural households.

34. 	 Income distribution is biased in favour of urban areas. With about 35% of total 
population, urban areas constitute about 59% of total income while rural areas with 
about 65% of total population account for only 41% of the total income.

35.	 The Lorenz curve for urban areas exhibits greater divergence than the curve for 
rural areas, indicative of higher inequalities in income distribution in urban areas than in 
rural areas. The most commonly owned household assets are: a hoe (82%); a residential 
house (66%); an axe (70%); brazier (59%); radio (43%); bicycle (30%); and non-electric 
iron (25%).  Twenty percent of households own a television set, while 43% of all house-
holds own a radio; 20% of the urban households own a video player and 12% own a 
cellular phone.

36.	 Generally, male-headed households have higher per capita incomes than female-
headed households in most provinces except Eastern, Luapula and North-Western prov-
inces.

37.	 Households in Zambia derived the largest proportion of their incomes from regu-
lar wages and salaries (42%) followed by own-produce (21%) and business (18%). How-
ever, other sources of income covering borrowing, begging, sales of assets, etc account for 
16% of income.

Household Social Conditions:

38.	 Health: About 13% of the population has some sort of an illness. For instance, 
in rural areas 16% of the people have reported illnesses while for urban areas, only 9% 
reported illnesses. This means that illnesses are most likely to occur in rural areas than in 
urban areas. The most common illness is malaria for both rural and urban areas.

39.	 Education: Urban areas have a much higher school attendance rate than rural areas 
at all levels of age groups. The poverty status of households has tended to influence on school 
attendance. The school attendance rate for those households who are not poor is higher than 
those households in the moderately and extremely poor households at all levels.
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Household Expenditure status:

40.	 Average monthly expenditure for Zambia is K490,530 (US$122.63) with an average 
per capita expenditure of K111,444 (US$27.86). Most of the household expenditure were 
on food (64%); non-food (26%); and rental (10%). The proportion of household food 
expenditure was higher in rural areas (75%) than in urban areas (52%). However, the 
higher the expenditure on food, the more constrained or poorer the household is (Engels 
Law). Households in rural areas depend to a large extent on own-produced food. This 
accounted for 55% of the total household food expenditure (consumption), compared to 
only 4% for the urban households.

Poverty Condition:

41.	 The LCMS III survey results show that 67% of the population fall below the pov-
erty line, which was equal to K92,185 (US$23.05) in per adult equivalent terms. Most of 
this poverty is attributed to the inability to acquire enough food. Poverty levels are higher 
among the rural small-scale households and households residing in urban low cost areas. 
Head count poverty rates are likely to be high during the last two quarters of the year than 
during the beginning of the year.

42.	 Overall, poverty gap ratio is estimated at 27.1%, implying that the incomes of the 
population, especially the poor, were on average 72.9% of the poverty line. The poverty 
gap also shows that poverty was much intense in rural areas than in urban areas (CSO, 
2004). 
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3. A Review of Models Relating to Poverty 
Dynamics Analysis.

3.1. First – Order Markov Models

43.	 These models provide estimates for poverty transitions by considering poverty 
measures (wages, earnings, low income transitions, low pay transitions, etc) under panel 
attrition, non-response and initial conditions. Cappellari and Jenkins (June 2004) have 
accounted for attrition, economic item non-response and initial conditions for low pay 
transitions (see Appendix 4, Table 4.1). This analysis is similar to the Cappellari and 
Jenkins (2004), who addresses attrition and initial conditions as endogenous selection 
issues under a multivariate model specification. This being the broadest specification for 
low pay / poverty transitions makes it an ideal candidate for adoption in this paper.

44.	 The experience of low pay is associated with higher chances of becoming unem-
ployed in the future (the ‘low pay – no pay cycle’) and, although the overlap between low 
pay and poverty is relatively low in any given year, the association between persistent low 
pay and poverty is much higher (Stewart and Swaffield, 1999).

3.2. Spell or Hazard Models

45.	 These models provide policy makers with an insight into poverty transitions, just 
like the models based on the first-order Markov processes (FMP). Unlike the FMP, the 
hazard model, especially the multivariate models analyse events that trigger individuals’ 
entries into and exits from poverty. A spell or hazard model simply provides information 
about the likelihood (i.e., probability) of experiencing an event at time t (e.g., exiting 
poverty) given that the event has not occurred prior to time t (e.g., the person is in pov-
erty in the period prior to t, t-1). The multivariate hazard model allows the probability of 
experiencing an event at time t (e.g., exiting poverty) to depend on a set of explanatory 
variables, which includes among other characteristics, age, race, gender, and educational 
attainment, as well as the trigger events. This multivariate framework allows us to deter-
mine the relative importance of multiple events in poverty transitions, something that 
cannot be learned from a descriptive analysis. Separate poverty entry and exit equations 
are estimated. 

46.	 Sometimes discrete-time hazard models are used which assume that the probability 
of entering (or exiting) poverty in a given period (e.g., year) is represented by a logit speci-
fication. The logit specification is popular as it is very tractable and restricts the transition 
probabilities to lie between zero and one (Allison 1984). Several studies of poverty transi-
tions have used the logit specification (Stevens 1994 and 1999, Iceland 1997b). Bane and 
Ellwood (1986), see poverty as occurring in spells with the duration of poverty exit as the 
dependent variable.  
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3.3. Component Variance Analysis Models / Income 
decompositions models

47.	 These models provide information on poverty durations, such as analyzing perma-
nent and transitory components of the model. We look at how long families will remain 
poor / rich and what factors contribute to such states / conditions. Here the poverty index 
measure is a major factor for scrutiny. The issue of how it relates to household income data 
and any data of wellbeing is considered. 

Ali (1998), Kakwani (1993), Datt and Ravallion (1992) and Lillard and Willis (1978) 
employ variance analysis to decompose income and provide rich literature on poverty 
durations.

48.	 In summary, we have reviewed three models which help analyse poverty transitions 
(i.e. first-order Markov model and the Spell or Hazard models) and durations (i.e. income 
decompositions models). 
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4. Application of Poverty Dynamics Models 
49.	 The estimation of the determinants of poverty, however, requires panel data, where 
information on income and other socio-economic variables is collected repeatedly over 
time on the same households and with a number of waves (minimum of two). This type 
of statistical data could make it possible to investigate the duration of poverty among 
households and the subsequent transition patterns. However, it is difficult in the Zambian 
context, as a consequence of inadequate resources and problems in tracking households 
from one survey to the next, to produce accurate data. Therefore, the availability of ac-
curate and consistent panel statistical data is not guaranteed.  

4.1. Linking Zambian Data with Poverty Dynamics Models

50.	 Zambian Statistics are available on household income and expenditures since 1991 
through the IMS; PS of 1991 and 1993; LCMS I and II of 1996 and 1998, respectively 
and now the LCMS III of 2002/2003. However, the later is measured differently from the 
former. The CSO is expected to release some LCMS data on the evolution of poverty in 
Zambia up to 2004, an update of the 1991 through 1996 report (CSO, 1997). 

51.	 There are monthly and annual statistics on the following poverty indicators from 
the CSO:

•	 Change in household composition (births, deaths, female headed households/ 
two adult –headed households, young adults setting up own households)

•	 Change in labour Supply (loss of employment, gain of employment by head, wife 
and others)

•	 Change in disability status (head becomes disabled/ Head ceases to be disabled)
•	 Change in education and health status
•	 Change in access to energy, water and sanitations
•	 Changes in other forms of deprivation (housing, land, credit, government poli-

cies, state of the economy)
•	 Changes in household income and household preferences
•	 Changes in household expenditures 

52.	 The transmission effects on poverty of some of the above poverty indicators are 
through effect on wage labour hours and family size in the case of births and deaths. The 
Change in Marital status affect poverty levels through its effects on wage labour hours and 
when the young decide to set up household would affect household poverty through their 
dependency on parents for financial support if not employed. The change in employment 
status affects poverty through its effects on earnings. Change in disability will be through 
the effects on wages/salaries. 

53.	 In view of the availability of the statistical data, the three main econometric tech-
niques of Spell or hazard models, components variance analysis and the first order Markov 
models could be used to estimate the poverty dynamics. First, the Spell or Hazard models 
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could take care of events that lead to whether a particular household is entering or exit-
ing poverty and for how long. Second, the method for the components variance analysis 
would take care of temporal / transitory and permanent variance components of income, 
which could then be used to predict duration and underlying determinants through vari-
ance decomposition and impulse response functions. Finally, the first-order Markov mod-
el would use some probit specification to determine poverty transitions by controlling for 
endogeneity of poverty under initial conditions and non-random attrition/non-response. 
The first-order Markov model takes care of problems associated with panel data, whereby 
different households could be surveyed each time of the survey and thereby invoking the 
cross-sectionality of the data. 

  

4.2. Model Specification for Zambia

4.2.1. Needs Assessment

54.	 Zambia has gone back to the “Five-years National Planning Frameworks and the 
country is also implementing Poverty Reduction Strategy Paper (PRSP). The country is 
also being monitored by the international community in terms of her achievements of the 
Millennium Development Goals (MDGs) and under the United Nations Development 
Assistance Framework (UNDAF) for Zambia; poverty reduction is a major component 
of country assistance. These development frameworks are already in place and what the 
country needs now are statistical estimates on poverty related problems such as; poverty 
triggers (poverty exit and entry events), poverty spells or hazards, and poverty exit dura-
tions for targeted households. 

55.	 This study forms the basis for policy input into the poverty eradication policy 
formulation process for the Ministry of Finance and National Planning and for statistical 
collection methodologies improvements for the CSO (i.e. panel data). The poverty situa-
tion in Zambia is multi dimensional and to fully understand the characteristics of poverty, 
there is need to study most aspects of poverty dynamics such as looking at poverty dura-
tion (e.g. duration to poverty exit and / or entry) and poverty transition issues. Second, 
Zambian policy makers also need to understand poverty transitions and durations and 
their underlying determinants. Finally, determinants of poverty transitions in the light 
of initial poverty conditions, non-random attrition and non-responses and understand-
ing the dynamics of the previous poverty dynamics on household conditions, need to be 
established and is proposed in this paper.



15

4.2.2. The Model

56.	 In view of the above needs assessment, it would be appropriate to accomplish the 
understanding of the poverty dynamics through the use of a simultaneous equation sys-
tem for explaining poverty duration and transitions in Zambia. The use of a vector error 
correction framework is pursued. We specify measurements for both poverty transitions 
and durations.

4.2.2.1. Estimation of Poverty Transitions:

57.	 Following a logit specification in Stevens (1994 and 1999) and Iceland (1997b), 
we specify the poverty transition model under the following assumption. The logit speci-
fication is very tractable and restricts transitional probabilities to lie between zero and one 
(Allison 1984). With this assumption, the probability of entering (or exiting) poverty for 
person i at time t can be written as: 

..................................................................................[1] 

where 

 ............................................................[2] 

where;

y is a poverty measure (discrete variable); T is a vector that represents transition events (i.e. 
the primary focus of this analysis), and the vector X represents control variables. The tran-
sition and control variables are based on the following transition events: (1) number of 
children in the household, (2) two-adult household becomes female-headed household, 
(3) young adult (under age 25) sets up own household, (4) loss of employment (of head, 
spouse, and other household members)—measured as a change from positive to zero 
hours, (5) nondisabled household head becomes disabled, (6) HIV/AIDS status of the 
household head, (7) education level of household head (s) and (8) weakening economy 
(change in state unemployment rate and change in GDP). Control variables include:  (i) 
characteristics of the household head (age, race, and educational attainment), (ii) house-
hold (female-headed household, single male-headed household, number of adults aged 
12-65, number of children), (iii) geographic characteristics, (iv) economic indicators (un-
employment rate and GDP), (v) poverty spell information (observed duration of current 
spell at time t, observed number of prior spells, left censored spell identifier), and (vi) year 
identifiers (see Appendix 4, Table 4.2). 

58.	 Accounting for attrition, non-response and initial conditions, we follow Cappellari 
and Jenkins (June 2004). We use equation (2) to determine transitions by applying the 
following transformations, where y is the low pay status of individual i at time t.
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59.	 For each household in the base year sample, we assume that there is a latent low 
pay propensity, L*t–1, and observed low pay status, Lt–1, depends on whether this propen-
sity is greater or less than some unobserved threshold (set equal to zero without loss of 
information). That is, initial conditions are described by: 

L*t–1=β′xt–1+ut–1,ut–1~N(0,1)..........................................................[3]

Lt–1 = I(L*t–1 > 0)............................................................................[4]

where xt–1 is a vector of personal characteristics,  β is a vector of parameters, and ut–1 

summarises unobserved differences (assumed uncorrelated with observed characteristics).

I(L*t–1 > 0) is a binary indicator function equal to one if the latent low pay propensity 
is positive and equal to zero otherwise. Stewart and Swaffield (1999) showed that this-
specification is equivalent to assuming that there exists some monotonic transformation 
of observed earnings such that the normality assumption holds.

60.	 Now consider outcomes in the following year (the current year, ‘t’) for this sample, 
taking account of potential non-ignorable attrition and economic item non-response. 
Suppose that there is a latent panel retention propensity, R*t, which is a linear function 
of observed and unobserved characteristics (analogous to that described above), and ob-
served retention status, Rt, depends on whether this propensity is positive or not:

R*t = Ψwt–1 + εt, εt ~ N(0,1)...........................................................[5]

Rt = I(R*t > 0)................................................................................[6]

where I(.) is the binary indicator function, as above. In equation (5), and analogous equa-
tions below, year t outcomes are parameterized in terms of base year values of explana-
tory variables so as to avoid simultaneity between changes in outcomes and changes in 
attributes.

61.	 Among the households retained in the panel, a second condition that must be 
satisfied in order for earnings mobility to be observed, namely being in employment in 
year t. We suppose that there is an employment propensity, E*t, that is a linear function 
of observed and unobserved characteristics, and observed employment status, Et, depends 
on whether this propensity is positive or not:

E*t = γht–1 + ωt, ωt ∼ N(0,1)...........................................................[7]

Et = I(E*t > 0) if Rt = 1; unobserved otherwise...................................[8]
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62.	 For households that drop out of the survey (Rt = 0), equation (7) is incidentally 
truncated.

Finally, there is the mechanism describing low pay status in the current year (L*t). In order 
to characterize low pay transitions, we use a linear index specification again but condition 
the current year outcome on base year low pay status, thereby defining an endogenous 
switching regression:

L*t = [Lt–1 λ′1+ (1–Lt–1) λ′′]zt–1 + vt, vt ~ N(0,1)..............................[9]

Lt = I(L*t > 0) if Rt = 1 and Et = 1; unobserved otherwise.............[10]

Equation (9) is incidentally truncated if either Et = 0 or Rt = 0. That is, equations (5) and 
(7) describe two (sequential) selection mechanisms governing whether respondents are in 
the balanced two-year panel of earners who contribute to the estimation of the low pay 
transition process.

The combinations of current-year outcomes (Rt, Et, Lt) that are possible are shown in Cap-
pellari and Jenkins (June 2004:21, Table 2). 

We distinguish three groups of households (A, B, and C) with different types of likelihood 
contribution applicable to each group. The log-likelihood contribution of each house-
hold, L, has the form:

log L = (1–Rt) log LA + Rt (1–Et) log LB + Rt Et log LC ............................ [11]

where; LA, LB, and LC are the contributions relevant to households in groups A, B, and 
C. 

Assuming that the unobservables (ut–1, vt, εt, ωt) have a four-variate standard normal dis-
tribution with correlation matrix Σ, then the sample log-likelihood contribution of each 
household can be written:

where Φ j denotes the j-variate normal c.d.f.,  for k = 1, 2, is a vector of index functions, 
and matrices ,  _Lt_Et, and  _Lt, are derived from Σ. The _Lt subscript denotes vec-
tors and matrices excluding elements referring to the low pay transition equation, and the 
_Lt_Et subscript denotes vectors and matrices excluding elements referring to the low pay 
transition equation and to the employment equation.
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4.2.2.2. Estimation of Poverty Durations

63.	 Applying equations [2]; [3]; [5]; [7]; [9]; [11] and [12] we can specify equations 
for poverty durations. 

64.	 Canto (2000) follows Jenkins (1995) in constructing the likelihood function to 
maximize for the n-order Markov model by building a discrete-time duration model for 
non-censored spells. We follow this approach in this paper to determine discrete poverty 
durations in households. Following Canto, the probability of a non left-censored spell i 
finishing at moment t given that it survived until t-1 is given as;

where,

k = the moment when the household is interviewed in the panel and

h = the value of k at which the spell begins. Finally, the probability of a non left-censored 
spell i lasting longer than t is;

If yik is a dummy variable, equal to 1 if the household completes a spell at time k

and equal to 0 if the household does not complete the spell at time k or the spell is

censored at time k; then, the log likelihood function to be maximised will be given as;

where,

n = the number of spells and 

t = the observed duration of spell i or the moment the event occurs. 

The likelihood in equation (15) is always conditional on the household transiting into or 
out of poverty some time during observation. This model is equivalent to the discrete-
state, discrete-time n-order Markov model where the only possible transitions are 1 to 0 
or 1 to 1, indicating 1 the poverty (non-poverty) status of the household.
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As a result, the probability of suffering an event can be modelled as independent of time 
as;

P
ik
 = Pr( i not poor at t/ i poor at t-1; X

it
, D

it
, β) = F(X

it
, D

it
, β)............... [16]

and,

P
ik
 = Pr( i poor at t/ i not poor at t-1; X

it
, D

it
, β) = F(X

it
, D

it
, β) .............. [16*]

Where,

Xit  = time-varying household characteristics, 

Dit  = the time-varying distance from the poverty line and β is a parameter vector. Thus 
the model becomes a n-order Markov model with heterogeneity. This is the estimation 
procedure for models 13 and 14�.

65.	 For a first assessment of the change in the probability of a household stepping 
out of a poverty as the spell evolves in time we specified Pik in a way that it is possible to 
distinguish between the effect of the duration of the spell and the effects of other covariates. 
Thus, the probability of escaping poverty is now specified as;

P
ik
 = Pr ( i not poor at t/ i poor at t-1; X

it
, D

it
, d

it
,φ) = F(X

it
, D

it
, d

it
, φ)..... [17]

P
ik
 = Pr ( i poor at t/ i not poor at t-1; X

it
, D

it
, d

it
, φ) = F(X

it
, D

it
, d

it
, φ).... [17*]

where dit are time-varying dummies for spell duration�. Equation (17 or 17* ) is plugged 
into the previous log likelihood expression (equation 15) and assuming a logistic distribu-
tion of the error term the likelihood function is maximised with respect to the unknown 
vector of parameters, φ . The model is now a duration dependent n-order Markov process 
with heterogeneity and is estimated for the sample of both non-poverty and poverty spells 
in models 15 and 16.

66.	 Thus, all models are estimated as n-order Markov Chains. Models 14, 15 and 16 

� Note, however, that in model 1 poverty gap dummies are not included as regressors.
� We have inserted duration dummies in the logit regression. Dummy variables take the value 1 if the spell has exactly 
a given length (3, 6, 9, 12, 15, 18, 21 or 24 months) and the value 0 otherwise (e.g. if the dummy variable “spell 
length 3 months” is equal to 1 in spell i then spell i is three months long and if it is equal to 0 then spell i is of any 
other length).
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include dummies for the distance between household equivalent income and the poverty 
line. Their results are conditional on the household's position with respect to the pov-
erty line just before or after exit: given the point in the income distribution where the 
household is before leaving poverty or has jumped to when exiting poverty, what are the 
household characteristics that determine an exit or a re-entry into poverty? Models 15 and 
16 include dummies for the time the household spends in or out of poverty just before 
or after an exit as explanatory variables for the exit and re-entry hazard and drop some 
insignificant regressors. The included duration dummies attempt to measure the degree 
of duration dependence of the probability of leaving or returning to poverty given that, 
according to some determined non-parametric hazard rates (to be provided), the longer a 
household remains either in or out of poverty the less likely it will be either to leave it or 
to return to it, respectively.
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5. Conclusion 
67.	 This paper has generated a discussion on how to measure dynamics of poverty for 
both poverty monitoring purposes and for designing poverty reduction policies and pro-
grammes by the Zambian Government.

68.	 The paper acknowledges the presence of massive literature on poverty dynamics 
and has outlined the statistical resources that are available in Zambia. However, the over-
view of the nature of the Zambian statistical resources could be extended to other coun-
tries in the Southern African region. 

69.	 This paper recommends a simultaneous equation logit model system to the ap-
plication of the Zambian poverty dynamics studies. The model estimates both poverty 
duration and transitional factors. The model measures the magnitudes and dynamics of 
the extent to which sex of a household; income status of a household; employment status; 
health status; educational background; access to ICT; and geographic location, among 
others, could impact on household poverty exit.
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Appendix 3: LCMS III Data 

Table 3.1- Population Distribution by Province, Rural and Urban, Zambia, 
2002-2003

    Percentage Distribution

Province Population Rural Urban

Zambia 10,757,192 65 35

Central 1,097,632 76 24

Copperbelt 1,707,843 20 80

Eastern 1,440,604 91 9

Luapula 852,351 85 15

Lusaka 1,496,428 19 81

Northern 1,371,234 87 13

North Western 637,112 87 13

Southern 1,335,538 78 22

Western 818,450 89 11

Source: CSO (2004):Living Conditions Monitoring Survey, p.13

Table 3.2- Population Distribution by Age and Sex, Zambia, 2002-03

Age Group Male Female Total Population

0-4 15.2 15.2 15.2 1,636,545

5-9 16.2 15.7 16 1,716,303

10-14 14.9 14.3 14.6 1,567,625

15-19 11.8 12 11.9 1,279,827

20-24 9.2 9.8 9.5 1,022,463

25-29 7.2 7.7 7.5 804,830

30-34 6.3 6 6.1 661,114

35-39 5 4.5 4.7 509,183

40-44 3.6 3.5 3.5 379,479

45-49 2.7 3.1 2.9 309,416

50-54 2.1 2.2 2.2 233,609

55-59 1.4 2 1.7 181,987

60-64 1.4 1.5 1.4 155,681

65+ 3 2.6 2.8 299,130

Total 100 100.1 100 10,757,192

Source: CSO (2004):Living Conditions Monitoring Survey, p.15
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Table 3.3- Population Distribution by Strata, Zambia, 2002-2003

Residence Stratum
Percentage 
Distribution

Total Population

Rural small scale 60.7 6,533,086

  medium scale 1.1 118,906

  large scale Ng* 5,053

  non agriculture 3.2 349,563

Urban low cost 27.2 2,928,775

  medium cost 3.6 392,373

  high cost 4.0 429,436

Total   100 10,757,192

Table 3.4 -Percentage Distribution of the Population Aged 12 years and 
Above by Rural/Urban and marital status, Zambia, 2002-03

      Marital Status      

Sex Never Married Married Separated Divorced Widowed Total

Zambia 46.9 43.1 1.1 3.8 5.1 100

    Male 52.9 43.1 0.6 1.8 1.6 100

    Female 41.2 43 1.5 5.7 8.5 100

Total

    Age Group Never Married Married Separated Divorced Widowed Total

12-14 98.6 1.3 0.1 0 0 100

      Marital Status      

Sex Never Married Married Separated Divorced Widowed Total

15-19 91.6 7.7 0 0.4 0.1 100

20-24 62.3 33.1 1.3 2.7 0.5 100

25-29 30.5 60.4 1.9 5.3 1.8 100

30-49 7.4 77.3 1.7 6.5 7.1 100

50+ 1.3 66 1.1 7.5 24.2 100

Male

    Age Group Never Married Married Separated Divorced Widowed Total

12-14 98.8 1 0.1 0 0 100

15-19 98.1 1.7 0 0.1 0 100

20-24 81.1 17.9 0.2 0.6 0.1 100

25-29 41.9 54.2 1.2 2.2 0.5 100

30-49 9.9 83 1.1 3.8 2.3 100

50+ 1.6 87.4 0.9 3.4 6.7 100

Female
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      Marital Status      

Sex Never Married Married Separated Divorced Widowed Total

    Age Group Never Married Married Separated Divorced Widowed Total

12-14 98.3 1.6 0 0 0 100

15-19 85.3 13.4 0.4 0.7 0.1 100

20-24 45.1 47.1 2.3 4.7 0.9 100

25-29 20.2 66 2.6 8.1 3 100

30-49 5 71.8 2.3 9.2 11.7 100

50+ 1 44.2 1.3 11.6 41.9 100
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Appendix 4: Empirical Studies on Poverty Dynamics 

Table 4.1. First-Order Markov Model: Examples of Models of Labour 
Market Dynamics with Endogenous Selection

Endogenous selection issues addressed?

Paper
Outcome of 
interest

Attrition*
Economic
item 
non-response

Survey
item 
non-response

Initial
conditions

Hausman and Wise 
(1979)

Earnings x

Keane et al. (1988) Wages x

Zabel (1998)
Wages, work 
hours

x x

Stewart and
Swaffield (1999)

Low pay 
transitions

x

Cappellari and
Jenkins (2004)

Low income
transitions

x x

Cappellari and
Jenkins (June 2004)

Low pay 
transitions

x x x

Source: Cappellari and Jenkins (June 2004: p.21)

* Attrition is defined as sample drop-out or survey item non-response on income.

Table 4.2: Spell or Hazard Models: Summary of Empirical Poverty 
Transitions Literature.

Study Data* Years
Primary Sample 

Studied
Research Question(s) 

Addressed

Bane and Ellwood 
(1986)

PSID 1970-1982 Persons Under Age 65 Exits, Events

Blank (1997) PSID 1979-1991 Total U.S. Events

Duncan and 
Rodgers (1988)

PSID 1968-1982 Children Events

Eller (1996) SIPP
Oct. 1991 - Apr. 

1994
Total U.S. Exits, Events

Iceland (1997b) PSID 1970-1985
Adults Ages 18-64 in 
Metropolitan Areas

Exits, Events

Naifeh (1998) SIPP
Oct. 1992 - 
Dec. 1995

Total U.S. Entries, Exits

Rank and Hirschl 
(1999a)

PSID 1968-1992 Adults Ages 60-90 Entries

Rank and Hirschl 
(1999b)

PSID 1968-1992 Adults Ages 20-85 Entries



31

Study Data* Years
Primary Sample 

Studied
Research Question(s) 

Addressed

Ruggles (1990)
CPS, 
SIPP

1984 Total U.S. Entries

Ruggles and 
Williams (1987)

SIPP 1983-1984 Total U.S. Entries

Stevens (1994) PSID 1970-1987 Total U.S. Exits, Reentries

Stevens (1999) PSID 1967-1988 Total U.S. Exits, Reentries

Source: Bane and Ellwood (1986: Chpt 2.)

* Data used in the studies include: PSID = Panel Study of Income Dynamics; CPS = Cur-
rent Population Survey

SIPP = Survey of Income and Programme Participation.

Table 4.3: Year t outcome combinations and the treatment of item 
non-response on pay

Group Retention Employment Low Pay Interpretation

A Rt = 0 Unobserved Unobserved Panel attrition

B Rt = 1 Et = 0 Unobserved Retained; OLF/U/SE*

C Rt =1 Et = 1 Lt =0 Retained; High-paid employee

C Rt = 1 Et = 1 Lt = 0 Retained; Low-paid employee

Source: Cappellari and Jenkins (June, 2004), p.21

Notes: *: out of labour force or unemployed or self-employed. Year t-1 sample: men with 
Et-1 =1 and no non-response on Lt-1. Year t sample, Model 1: men with Et =1 but non-
response on Lt excluded from estimation. Year t sample, Model 2: men with Et = 1 but 
non-response on Lt included as cases with Rt = 0. 




