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What Happens Between the Waves? Estimating IntareVidyynamics from
Limited Survey Data with Application to Poverty Tisations in South
Africa and Vietnam

Bob Baulch, Lindsay Chant & Sherman Robinson®

1 Introduction

In recent years, the number of household panelsdsaavailable for developing
countries has increased dramatically and, alonly thiése, the number of studies on
poverty dynamics and economic mobility in low anidldhe-income countries (see
Dercon and Shapiro, 2007; Baulch, forthcoming)edehstudies confirm previous studies
(Baulch and Hoddinott, 2000; CPRC, 2004) that moxatsin and out of poverty are
‘strikingly large’, whether poverty is conceptualisin absolute terms (as in the poverty
dynamics literature) or in relative terms (as imgnatudies of economic mobility). It is
however difficult to compare the results of thesgles because of the different time
periods they span and the different welfare measame poverty lines they use. What
conclusions about the magnitude of chronic poveatty one, for example, draw from two
countries with panel data saves that are respéctive and five years apart and one of
which measures poverty using adult equivalent ireowmihile the other uses per capita
expenditures? Furthermore, while panel data stuatie increasingly available, it is often
extremely difficult for researchers to access thie iecord (household level) data in the
extant studies. A method for making comparisongsaverty dynamics and economic
mobility using the limited information (typicallyithe form of transition matrices,
poverty and inequality measures, and growth ratesdained in published studies and

reports would therefore be extremely useful.

This paper aims to address these lacunae by mglanprocedure for estimating
annual poverty transition matrices from periodioglasurvey data using cross entropy

methods. The aim of the study is to develop a lfllexeconometric method for estimating

! Bob Baulch is Coordinator of the Poverty Dynangiosl Economic Mobility Theme at the Chronic
Poverty Research Centre; Lindsay Chant is a QuadingtEconomist at LElI Wageningen UR, The
Netherlands; Sherman Robinson is Professor of Ho@soat the University of Sussex. This researak w
funded by the Chronic Poverty Research Centre,wmiki¢tself funded by UK Department for Internatibn
Development’s Development.



poverty transition dynamics in the years betweeuesuwaves. We apply the method to
panel data from two countries with three wavesanfgh data, South Africa and Vietnam.
The next section describes the panel data usetio®&cdevelops the cross-entropy
estimation method we used to estimate inter-waveuiycs, first in the context of
maximum entropy estimation, and then for crossogytestimation with noise, together
with how corresponding maximisation problem carsbwed using GAMS. Section 4
outlines the results of our preliminary applicatmfrthis methodology using panel data
from South Africa and Vietnam. A number of poveaityd mobility measures are
calculated from the estimation output, along witl various diagnostic statistics. Section
5 conducts a sensitivity analysis, in which thetadpoverty transition probabilities are
estimated with different levels of observed andhssoved error, while Section 6
discusses some caveats and extensions to the m&ifgpd Section 7 concludes with a
summary of the empirical results for South Africel &/ietnam and an initial assessment

of the estimation technique..

2 Data

When estimating monetary poverty, inequality arfteotvelfare measures, expenditure is
usually preferred over income as a measure of veefta several reasons (Deaton,
1997). First, consumption expenditure is likelyodmore regular and subject to less
measurement error than income, especially whergntoene from agriculture and
household enterprises are concerned. Second,mdseexpenditure patterns tend to be
less volatile than income, so expenditure is mikedyl to truly reflect households long-
term living standards. Survey based estimatesooinme in developing countries also
tend to be subject to more imputation problemstkanbtbwer (sometimes substantially)
than corresponding the corresponding survey baseaates of expenditures. For all
these reasons, we focus on expenditure as ourwdiare measure in both KwaZulu-
Natal in South Africa (for which both income angenrditure data are available) and

Vietnam (for which only expenditure data are audda

The following sub-sections described the panel dathpoverty lines used in our

empirical applications.



2.1 South Africa

Data for South Africa are taken from the KwaZuluttdancome Dynamics Survey
(KIDS). This is a three waves panel study conduateil®93, 1998 and 2004. The first
wave of Kids is derived from the KwaZulu and Nagtattions of the Project for Statistics
on Living Standard and Develoment (PSLSD), andaiostinformation on 1558
households of all races located in 73 samplingtetagMay and Woolard, 2006). For the
1998 waves, which was restricted to the newly exatovince of KwaZulu-Natal, white
and coloured households are excluded becauseiofithieed samples in the 1993
survey. Of the 1354 eligible households, 1171 vilereked. Using the same core
households as the 1993 survey, the 2004 wave oSKilcks 867 households, of whom
760 are core households and the remainder houselwbidh had split-off from their
‘parent’ households. Although, the modules ofttiree waves of KIDS contains some
new modules, the all three modules used consistEmtnation on household
composition and demographics, and income and exppeadnodules. It is this data,

which is used to calculate the transition matriegsrted below.

Following, Woolard and Klasen, the absolute povénty for households in
KwaZulu-Natal (KZN) is set at 422 Rand per morthThe 974 households for which
we have data are then divided-up into seven catgbased on multiples of the absolute
poverty line defined in expenditure terms is shawiable 1. Households in categories 1
and 2 have expenditure levels below the absolwenppline and therefore are classified
as ‘poor’ whereas households in categories 3 tavé Imonthly expenditure levels on or

above the poverty line and are therefore classdsethon-poor’.

2 40% of households are poor by construction: Waléard May (2005) choose the
absolute poverty line as the level of expendithet makes 40% of households ‘poor’.



Table 1 Transition Categories Defined as M ultiples of the Absolute Poverty Line (KZN)

Poverty Line R422
Category Rand Lower limit Upper limit
1 0-210 0.0 0.5
211-421
2 0.5 1.0
3 422632 1.0 1.5
4 633-843 1.5 2.0
5 844-1054 2 25
6 1055-1265 2.5 3.0

The numbers of households that move between thédttom poor categories and the
other five non poor categories between the 19938 B@ 1998-2004 are shown in panel
A of Table 2, along with the corresponding raw sigian probabilities in panel B.
Although the number of households transitioningMeen the two states is different in
the first and second transitions, the poverty itemsprobabilities are similar for the two
transitions with only a small increase in the ppecoming non poor in the second
transition and a slightly larger increase in thelgability of non poor households

becoming poor.

Table 2 Transition Matrices for KwaZulu-Natal, 1993-1998 and 1998-2004

A B
1998 1998
Poor | Non Poor Poor | Non Poor
S ['Non Poor 235 352 — | Non Poor 0.40 0.60
2004 2004
Poor | Non Pooi Poor | Non Pooi
X | Poor 396 132 X | Poor 0.75 0.25
9 | Non Poor 191 255 9 | Non Poor 0.43 0.57

The sum of the probabilities of households remgmiaor and becoming poor (the first
column in panel B) is greater than the sum of lebabilities households becoming non-

poor and remaining non-poor (the second columraimepB). This suggests that the
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number of households below the poverty line inaeas/er the survey period. This is
borne out by the data as 387 (40%) of surveyeddimids are poor in 1993, rising to
528 (54%) in 1998 and 587 (60%) in 2004.

Poverty transition matrices only examine the nundfdrouseholds who cross,
and do not cross, an essentially arbitrary poverg; while mobility may occur between
all points of the distribution. To assess thisuyanber of mobility measures have been
proposed of which the most popular is the Shorraessility index (Shorrocks, 1997).
The Shorrocks mobility index, usually denoted by 8l a two-stage index derived from
the transition matrix which is simulations studiese shown to be fairly robust to
measurement error (Cowell and Schulter, 19983%. évaluated as:

_n —Tr(P)

M= @

wheren is the number of welfare states a@P) is the trace of the transition matri®)(
A zero mobility index means that all householdsagmin state and are immobile and a
value of 1 corresponds to perfect mobility. Usihg ¥ x 7 transition matrices we have
constructed for KwaZulu-Natal, Shorrocks’mobilitydex is 0.97 between 1993 and
1998, 0.92 between 1998 and 2004 and 0.92 forrtiwe esurvey period. Such values

indicate a relatively high level of mobility for¢gthouseholds included in the KIDS panel.

2.2 Vietham

Data for Vietham are taken from the Vietham Houseghoving Standards Survey
(VHLSS), a biennial household survey program whielgan in 2002, with subsequent
waves in 2004 and 20d6.The VHLSS is a rotating core-and-module surieyyhich
common set of core modules (covering household ositipn, employment, incomes,
expenditures and housing) are combined with spetiabdules (for education and
health, agricultural and non-farm enterprises), ietdifferent years. The VHLSS

expenditure module is administered to a sub-saoftiatal household sample survey,

% See Chapter 6 of Fields (2001) for an excellentraary of the extant mobility measures.
* The 2008 Vietnam Household Living Standard Suiigeyurrently in the field.
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which has varied from 30,000 households in 2002,189 households in 2004 and 9, 190
households in 2006 (Pham and Nguyen, 2006, WortkB2007)>

Poverty is measured using a cost-of-basic needsrjyone based on estimating
the cost of a person acquiring 2,100 KCals perplay a modest allowance for non-food
expenditures estimated (Glewwe, Agrawal and Do#i@f4; World Bank, 2007). This
poverty line is applied to a per capita expendiaggregate which is adjusted for
regional and temporal (intra-annual) price diffexes The per capita expenditure poverty
line is set at 1,920,000Vietnam Dollars (VND) ir020VND 2,077,210 in 2003 and
VND 2599,850 in 2006.

While the VHLSS is designed to be nationally repreative, and utilised a
master-sample design (Petersson, 2003), its pahet@mponert50% of which is
replaced in each survey waveay not be. In particular, under condition of ch(f
unofficial) migration to the main urban centrespcerns have been expressed about the
representativeness of the VHLSS urban sub-sampley®and Sender 2006; Nguyen
and Hansen, 2007). Table 3 shows the transitioniceatestimated from the VHLSS for
its 2002-04 and 2004-06 sub-panels. There isatsansition matrix for 2002-20086,

although because of the rotation of panel housettbid only covers 2,151 households.

Table 3 Transition Matricesfor Vietnam, 2002-2004 and 2004-2006

A B
2004 2004
Poor | Non Pool Poor | Non Poo
N | Poor 488 634 § Poor 0.43 0.57
& | Non Poor 320 2719 «_| Non Poor 0.11 0.89
2006 2006
Poor | Non Pool Poor | Non Pool
S | Poor 384 517 S | Poor 0.43 0.57
& | Non Poor 300 3488 S | Non Poor 0.08 0.92

® The total sample sizes of the successive roun$1aSS were 75,00 households in 2002, 45,00
households in 2004 and >??? Households In 2006.
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As in KwaZulu-Natal, extended transition matricesdéd on multiples of the poverty line
are calculated, in this case using eight categbri@$e Shorrocks Mobility Index for
Vietnam is 0.73 for the first wave between 2002 2004, 0.53 between 2004 and 2006,
and 0.71 for 2002 to 2006.

3 Estimating Annual Poverty Transitions

Estimating annual poverty transition probabilitiesm periodic survey data is an under-
defined problem. The number of annual transitiabpbilities exceeds the number of
known data points as typically only the numbersidividuals/households in each
welfare group are known and only for the surveyyeghis type of problem cannot be
estimated using traditional econometric techniglwesto the lack of data; however,
maximum/cross entropy estimation methods are iglsaited to situations of limited

data.

The entropy concept was first introduced in statistmechanics (Shannon, 1948,
p.11) and extended by Jaynes (1957) to estimateawk probabilities. Golan et al.
(1996) apply entropy estimation to situations ajregated or limited data in which the
number of unknowns is greater than the number aill@ve data points. Entropy refers
to the amount of uncertainty associated with aalde. The entropy metric provides a

criterion for selecting transition probabilitie®iin the multitude of consistent values,

Xit = Xt Py

without the additional assumptions that would uneed by traditional methods. In
maximum entropy estimation, maximising the entramtric selects the set of
probabilities that have the greatest degree oftmiogy associated with them whilst still
being consistent with the data. The underlying@pite is that maximum entropy
estimation leads to a set of probabilities thaedifrom the uniform distribution
(reflecting maximum uncertainty) only by the infation signal contained within the
data. As such, entropy estimation is ‘maximally {ommittal’. Cross entropy
estimation uses a specified prior probability dttion rather than the uniform

distribution. This allows for prior beliefs abotetlikely probabilities to be incorporated

® The categories are <0.5z, 0.5-1z, 1-1.5z, 1.225z, 2.5-3z, 3-3.5z, and >3z, where z is theeptgv
line.



into the estimation procedure. Minimising the cresgopy metric selects the set of
probabilities that differ from the prior distribati by the information signal contained
within the data. The resultant probability disttibn will be the same as the prior
distribution if the data contain no additional infation over that contained in the prior

probability distribution.

Entropy estimation involves maximising the entropgtric,H, subject to two
constraints, the data consistency constraint amadding up constraint. The data
consistency constraint requires that the estimattebabilities are calculated such that the
values of the observed meagslfold, given the values of the possible outcon@sThe
adding up constraint ensures that the probabiliiesach outcome sum to 1. The

maximum entropy estimation method following Golamle (1996) is,

Max.
H{p)=-2 pclogp,
Subject to,
y = Xp,
and

The maximum entropy estimation method selects ¢hefgrobabilities with the highest
entropy or uncertainty subject to the data th&ahmwvn. Therefore the estimation process
is ‘maximally non-committal’, no assumptions abthé probabilities are imposed and
the probabilities only differ from the uniform digtution by the information content of
the data.

The maximum entropy approach outlined in the pnevisection applies only to
pure inverse problems and does not include priormmation about the likely values of
the transition probabilities. Furthermore, the datalikely to be measured with error,

and therefore the estimation cannot be definedpaseainverse problem. So, although



complete transition count data are not availalyier ppeliefs about the likely values of
the transition probabilities and additional data available which, if incorporated into
the estimation procedure, should contribute to nacirate estimates. Cross entropy
estimation with noise is a more general form ofrtteximum entropy method, which
allows for both noisy data and for prior beliefgladditional information to be included

in the estimation method.

3.1 Cross-Entropy Estimation
3.1.1 Maximum Entropy Estimation

Cross entropy estimation allows additional inforim@tnd prior beliefs about the likely
values of the probabilities to be incorporated i@ estimation procedure. Whereas the
maximum entropy method selects the probabilitiekwhre the most uncertain, given
the observed data, the cross entropy method sétantstion probabilities which are as
close as possible to the specified prior valgggiven the observed data. Therefore
whilst maximum entropy estimation selects the distron of probabilities closest to the
uniform distribution given the data, the cross+epy method selects the distribution of
probabilities closest to the prior distributionyem the data. Formally the cross entropy

estimation method without noise is,

minimise,
B ;
I(pi,j,t): _Z B Iog[ 'MJ )
it Gt
subject to,
Vit = X0
and

Z P =1.
I

The prior probabilities are a defined as a tramsithatrix of likely probabilities specified
from additional data or from prior beliefs. Whe thrior probabilities are specified as a

set of uniform distributions for each Markov stdtes cross-entropy formulation
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collapses to the maximum entropy formulation. Athwihe maximum entropy
estimation, the cross-entropy estimation yieldsttaesition probabilities of moving from
statei to statg in each period, such that the sum of the proligdsilacross each initial

state is equal to one and all members of the irstéde are accounted for.

3.1.2 Cross-Entropy Method with Noise

The observed number of people in each Markov gdiieely to be measured with error
S0 estimating the transition probabilities is ngiuae inverse problem and an error term
must be included. Golan et al. (1996, p.111) preserextended (cross) entropy

estimation method with noise. They define the eteom as a discrete random varialge,

comprising of two components: error suppovisgnd error weightsy,
€= zvd,j,t F Wy oo
d

and incorporate the error term into the cross-@ytformulation thus,

minimise,
P, W, j,
I(pn,j,t’Wd,j,t): _Z B log = +_de,j,t log Lt
it G, dit Ug ¢
subject to:
Vit = %P Ve, Wa,
and

2=l 2w =1
f d

whereu are the prior values of the weights of the ereomt As with the transition
probabilities, the estimation procedure selectsether weights which are closest to the
prior weights but consistent with the data. Crassepy estimation with noise yields
estimates for both the transition probabilities #melweights of the error term. The prior
values of the error weights can be specified a®umiwithout the estimation taking the

maximum entropy form if the prior transition proliaies are non-uniform. If the prior
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values of the probabilitieand weights are specified as uniform, the formulatofiapses
to the maximum entropy with noise specification,

maximise,
H (pi,j,t’Wd,j,t) = _Z:, Pijt log Bt +dZth,j,t lOQWd,j,t
i N
subject to:
Yien = %P Ve, Wa,
and

2Pe=h o Dw =1
] d

Note that the cross entropy and maximum entroggnasibn specifications estimate
transition probabilities for each period, rathartta set of stationary transition
probabilities which apply to all periods. This isstrable unless it is believed that the

observed transition probabilities are represergativthe ergodic distribution.

3.2 Estimating Annual Transition Probabilities from Periodic Survey
Data
The cross entropy method with noise described alsogstimated using a GAMS
program modified from Chant (2008). This progrartinegtes annual transition
probabilities from known periodic survey data bynimising the entropy distance
between the prior probabilities and the transiposbabilities’ Sufficient information to
estimate the annual transition probabilities isvmted by assuming a linear trend
between the number of households in each categdheisurvey years. Other trends can
be applied without any loss of functionality. Treuations of the model are grouped into
six blocks: the entropy objective, system dynankoswledge, error definition
equations, summation constraints, and accumul&tioctions. The equations of the

model are detailed below and the notation follomesdonvention that variable names are

" The program is available from the authors on retjard, after further testing and extensions (see
conclusion), will be made available on the CPRC sitellwww.chronicpoverty.org) by the end of theryea
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written in uppercase and parameter names in lowerdéhe values of variables in the

base period are given as the variable name suffixita zero.

3.2.1 Entropy Objective
The entropy objective equation gives the valuéefdross-entropy metriCENTROPY,

as a function of the distance between the estinteaedition matrices and their prior
values and the estimated error weights and thigr palues. The cross entropy metric
minimises the distance between the annual trangitiobabilitiesPV and the prior
annual probability value®V2, the distance between the estimated survey period
transition matrix PVKK and the observed survey period transition ma@¥ KO0, and

the error weightsy, W2, andWa3 and their prior values), u2 andu3.

PV,
CENTROPY =3 PV, , *log -
0]

it
PVKK, .
+ZPVKKi‘j*Iog( ! j
]

PVKKO,
1)

W, .
+ YW, ¢ Iog{%}

d,jit d,jt

W2, .
+Y W2, ¢ Iog(%}

d,jt d,jt

3.2.2 System Dynamics
The number of households in each category of #resttion matrix in the next period,

XV, is equal to the number of households in eaclgoagen the present period
multiplied by the annual transition probability mxat PV, where the time subscript on

the transition matrix corresponds to the first yafathe transition betwedrandt+1.

XV = Z XV * PV, | 2
TFLW,, , = XV, * PV, | (3)

The annual transition flow matriXFLW, is the number of people who transition
between in category in each year; given by theiplidation of the category totalXV,

and the transition matriV.
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3.2.3 Knowledge
The three equations in the knowledge section ofrtbdel that reflect the amount of

observed data available to the modeller. Equatipuiéfines the number of households in
each category as equal to the observed numbemustholds, x, plus an error term
pertaining to the category totalsHAT.

XV‘t:X'

EHAT;
IB it * € " (4)

The specification of equation (4) allows the podigjtthat the numbers of households in
each category, where known, may be measured wibh. dihe total number of

households may also be measured with eEdAT2,
Z xvj’t — Z Xj't * eEHAsz ] (5)
i i

The model also allows for the possibility that tedl frequencies of the observed survey

transition matrix,TFLWKO, are measured with errdfHAT3,
TFLWK, ; = TFLWKO, , * ¥, (6)

3.2.4 Error Definitions

The error term on the number of households in eatdgory EHAT, the error term on

the total number of household®;1AT2, and the error associated with the cell frequencie
are defined as the endogenously measured welghtd2 andW3, multiplied by the
support setsy, v2 andV3,

EHAT |, = Edlwd,” *Vy i 7)

EHAT 2, => W2, *v2, , (8)
d

EHATS | :Zwsd,i,j *V3y, - (9)
d
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3.2.5 Summation Constraints

The optimisation of the entropy model is subjeatd@astraints regarding the transition
probabilities and the weights on the error ternie &stimated transition probabilities,
PV, and estimated prior probabiliti€®y2, must sum to one across the columns of the

transition matrix, for all time periods,

ZPVZH =1 i (10)
]

D PV, ;=1  Oit (11)
i

Note that the matrix of prior probabilitieBY2, is endogenous and therefore determined
by the model but is not defined over time, t. Uncl@ss entropy optimisation, the
stationary nature of the prior values allows themeted transition probabilitie®V, to
differ from the constant prior valueBy?2, to the extent that such deviations are justified
by the data. The specification of a constant pedflects the intuition that households are
unlikely to make significant transitions betweempenditure categories on an annual
basis.

The weights on the error terms must also sum tcasness the number of

dimensions, d,

ZWd’j’I :1 Djlt ’ (12)
d
dw2,, =1 Ot, (13)
d
> wWsy, =1 Ot (14)
d

3.2.6 Accumulation Functions

Five accumulation functions are specified withia thodel. The cumulative flow matrix
for years between the survey poiftELWK, is defined as the number of households in
each category in the first year (ttstart) multigley the estimated transition probability

matrix for the entire survey perio@iFLWK,
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TFLWK, ; = > XV, ) * PVKK, ;. (15)

ttstart

The cumulative probability transition matriRYK, is set equal to the annual transition

matrix in the first year of the survey peridtstft),

PVK srtij = PVasrei - (16)

Equation (19) captures the accumulation of the ahtnansition probabilities through the

survey periodtfmid),

PVK .i;j =, PVK,,; * PV, whent = ttmid(t) and not ttend(t) . (17)
ip

t+1ip,]
The number of households in each category in tied fiear is given by multiplying the
number of households in each category in theyear of the survey period by the survey

transition matrix,

XVK; = > XV, *PVKK, . (18)
i ttstrt(t)
Finally, the estimated survey transition matR¥KK, equals the accumulated annual

transition matrix

PVKK; ; = PVK e i j - (19)

4 Application to South Africa and Vietnam

Having outlined the data and described the crossgnmethod for estimating annual
transition probabilities, we now apply it to thneaves of panel data from KwaZulu-
Natal in South Africa and from Vietnam. In the isawodel used here, the annual
transition matrices between the survey waves dma&ed for each two-wave panel
separately. This approach is used to allow foed#ihces in transition patterns between
periods and also allows for the estimation of twdagenous priors. The estimation of
the transition model allows for a multiplicative@rof 5% on the number of households
in each transition category carries an error ofvi#§de the total number of households in
the survey is assumed to be measured without &rarger error of 30% is assumed for

on the interpolated number of households in eanfsition category in the interim years.
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We first present estimates of annual poverty ttarsimatrices and associated poverty
and mobility statistics for the KwaZulu-Natal ini8b Africa from 1993 to 2004, and
then present comparable results for Vietnam bet862 and 2006. A sensitivity
analysis of the robustness of these results tongessurement errors assumed is

conducted in Section 5.

4.1 South Africa

For KwaZulu-Natal we have three waves of survewn datL993, 1998 and 2004.
Estimates of the annual poverty transition proliigsl for the years spanned by these
waves are shown in Figure 1. The full annual ttamsimatrices with the seven

expenditure categories described in Table 1 arengivthe appendix.

The five years spanned by the first and second svakthe KIDS panel are
shown in the top part of Figure 1. Row 1 of thstfpoverty transition matrix indicates
that 77% of poor households in KwaZulu-Natal reradipoor while 23% of poor
households in KwaZulu-Natal escaped poverty duti®g3. Row 2 of the same matrix
shows that 76% of non-poor households remainedpoon; while 24% of non poor
households fell into poverty in this year. Thisipdrof mobility during the first year of
the first panel (which corresponds to the endingprtheid and lead-up to South
Africa’s first multi-racial elections survey waveaw followed by two years in which
there was very little movement between the poorrardpoor states. Households that
were poor in 1994 and 1995 remained poor in thé pesiod while the vast majority
(94% and 97%, respectively) of households that werepoor in these years non poor in
the next period. There was some movement out aénpypagain in 1996 and 1998 with
litle movement in 1997.

16



Figure 1 Annual Transition Probabilities, KwaZulu-Natal 1993-2004

Non Non Non
1993 Poor Poor 1994 Poor Poor 1995 Poor Poor
Poor 0.77 0.23 Poor 1.00 0.00 Poor 1.00 0.00
Non Non Non
Poor 0.24 0.76 Poor 0.06 0.94 Poor 0.03 0.97
Non Non Non
1996 Poor Poor 1997 Poor Poor 1998 Poor Poor
Poor 0.80 0.20 Poor 1.00 0.00 Poor 0.86 0.14
Non Non Non
Poor 0.23 0.77 Poor 0.05 0.95 Poor 0.19 0.81
Non Non Non
1999 Poor Poor 2000 Poor Poor 2001 Poor Poor
Poor 0.94 0.06 Poor 0.96 0.04 Poor 0.96 0.04
Non Non Non
Poor 0.11 0.89 Poor 0.05 0.95 Poor 0.08 0.92
Non Non
2002 Poor Poor 2003 Poor Poor
Poor 0.95 0.05 Poor 0.94 0.06
Non Non
Poor 0.10 0.90 Poor 0.11 0.89

The six years spanned by the second and third pw&aees are characterised by a
similar degree of movements out of poverty of betwé% and 6%. Movements into
poverty were also similar during these years, ragpdiom 5% to 11%. Only the
transitions in the first year of the second paelod exhibits a greater degree of
movement with 14% of households moving out of ptwvand 19% of non poor

households moving back into poverty.

The annual poverty dynamics of KwaZulu-Natal houde$ between 1993 and
2004 as estimated in these poverty transition gegrcan also be shown graphically
(Figure 2). The dark shaded area towards the batfdhis figure shows the percentage
of households who remained poor since the preweas, while the unshaded area at the
top shows the percentage of households who staye@aor since the previous year.
The cross-hatched and spotted areas in the midithe digure, correspond to the
percentage of households who escaped from poveldgaame poor in consecutive

survey years. The central line shows that the p¢age of households with expenditures
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below the poverty line steadily increased from 469%993 to 60% in 200%. The period
is characterised by three peaks in poverty mohitit4994, 1997 and 1999. Then from

2000 onwards, movements in and out of poverty eleively constant.

Figure 2: Poverty Dynamics, KwaZulu-Natal, 1993-2004
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The CPRC'’s primary interest is in those who stagrgor extended periods of time
(CPRC, 2004). One way to assess this is to exatheprobabilities of whether an
initially poor household will remain poor in sucea® periods. The probability of a poor
household remaining poor in successive period$eashown using a poverty hazard
function, which compounds the annual probabilitéstaying poor in the top left-hand
corners of the poverty transition matrices in Feglit Figure 3 shows the estimated
poverty hazard function for KwaZulu-Natal betwdd®3 and 2004. Each point on the

functions corresponding to the likelihood of a heflusld remaining below the poverty

& Note that this refers only to households in thBKlpanel, not to KwaZulu-Natal as a whole, let eltme
whole of South Africa!

° Except in situations where there is no movemeatbpoverty, this sequence of probabilities will
decline over time, with the steepness of the fancgiroviding a graphical representation of how kjyic
households (people) are moving out of poverty.
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line (categories 1 and 2 of the extended transitiatrix) in consecutive periods given

that the household was poor in the previous period.

Figure 3: Poverty Hazard Functions for KwaZulu-Natal
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The probability of a poor household in the firey of each survey wave still being poor
in 1998 is 0.61, and this probability declines #40by 2003. If we compare the
probability of a household remaining poor in tharfgears between 1993 and 1998
(0.61) with that for being persistently poor in fhe years between 1998 and 2004 (
0.66), this shows that it is slightly more diffitfibr a household to escape persistent

poverty in the later than the earlier panel period.

Table 4 shows the poverty headcount, poverty gdpSdorrocks mobility index
for the KIDS panel data between 1993 and 2004.phverty headcount measure rises
consistently from 40% of households in 1993 to 682004. The poverty gap measure,
which shows the depth of poverty, also rises coersily across the period, from 0.13 in
1993 t0 0.31in 2004. These trends are broadlgistant with the poverty measures
calculated from the 1995 and 2000 South Africammine and Expenditure Surveys as
reported in Agueret al. (forthcoming)!® The value of the Shorrocks Mobility Index
varies greatly between 0.09 and 0.96 suggestindthaseholds are highly mobile in
some years (1993, 1996, 1998) but immobile in oflears (1995-1996, 1999-2004).

19 Note that the poverty line (known as the Housellbsistence Level) for the analysis of the Income
and Expenditure Survey is an absolute one, whideptiverty line we used for KIDS is a relative oget(
equal to the cut-off between the 39 andf pércentiles of the expenditure distribution.
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Although this pattern of mobility is consistent wthe poverty mobility shown in Figure

2, such variations in mobility are surprising aeduire further examination.

Table 4 Poverty & Mobility Measures, KwaZulu-Natal, 1993-2004

Poverty Poverty Mobility
Headcount Gap Index*
1993 40% 0.13 0.96
1994 45% 0.16 0.12
1995 49% 0.17 0.09
1996 50% 0.19 0.47
1997 52% 0.21 0.13
1998 54% 0.22 0.76
1999 55% 0.24 0.23
2000 57% 0.26 0.14
2001 57% 0.26 0.19
2002 58% 0.28 0.19
2003 59% 0.30 0.20
2004 60% 0.31 -

The average number of years for a household to rbetweeen the seven expenditure
categories in the extended transition matricesvisrgby the mean passage time matrices
in Table 5 and Table 6. The value in each cell shthe average number of years it takes
a household to move from categony category during the panel period. Between 1993
and 1998 the mean first passage times suggestdaards mobility. On average, a poor
household in expenditure category 1 or 2 takesd@tv21 and 26 years to move to the
lowest non poor category (category 3). With measspge times between 23 and 125
years, movements from poverty to higher welfaregaties take even longer. Such long
mean passage times are consistent with the typetstal poverty suggested by Carter
and May (2001), and by May and Woolard (2005). Bsesved in the estimated annual
poverty transition matrices, there are also movésieo poverty with mean first
passage times suggesting that households are ikelgetb move into the upper of the
two poor categories (category 2). The average toma household to move from being
non poor to being poor is between 7 and 14 yeargrtmup nearer to the poverty line
(category 2) and 22 to 31 years for the lower gr@apegory 1). So once a household
has escaped poverty, it is more likely that sholdy become poor again, they will not

return to being extremely poor. In general, the migat passage time matrix for the first

1 Year corresponds to first year of transition @02 is mobility between 2002 and 2003.
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KIDS panel is characterised by low passage timésdan the same state, indicating low
levels of general mobility.

Table5 Mean First Passage Times (1993-1998)

Mean First Passage Time (years)
1 2 3 4 5 6 7
1 6 4 26 27 58 125 117
2 20 2 21 23 54 120 113
3 27 10 6 15 48 108 96
4 22 7 19 9 47 119 108
5 26 9 14 23 16 114 99
6 29 12 10 22 29 43 88
7 31 14 7 21 43 66 31

A similar pattern is observed in the mean firstsag® time matrix for the second survey
wave period, 1998-2004, Table 6. There is a sttendency to remain in state (as
indicated by the low values on the leading diagpaato move to lower welfare
categories (as indicated by the low values in #iks gust below the leading diagonal).
Average transition times out of poverty are great¢he second survey wave period,
with an average time to move out of poverty of 8ang for households in extreme
poverty years and 24 years for households in thlednipoverty category. A lack of
upwards mobility is evident, as the average timmtwe into the next welfare group is
between 8 years for households in welfare catefy@yd 157 years for households in
category 5. This contrasts sharply with the avetegyesition time from category 5 into
the upper poverty category of 12 years. So, asdrfitst panel period, households may
move relatively quickly from being non poor to thygper poverty category, but it takes

between 20 and 28 years for non-poor householdsdome extremely poor.

Table 6 Mean First Passage Times (1998-2004)

Mean First Passage Time (years)
1 2 3 4 5 6 7
1 3 8 31 47 67 175 75
2 15 3 24 42 62 171 68
3 20 11 8 33 55 163 56
4 22 11 10 13 59 164 63
5 24 12 21 24 18 157 52
6 28 17 20 14 43 31 64
7 27 16 19 20 48 149 14
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4.2 Vietnam

The panel data for Vietham is used to compute pgvwsnsition matrices between 2002
and 2004, and between 2004 and 2006. The crosspgrastimation process yields four
annual poverty transitions matrices for 2002-033204, 2004-05 and 2005-06 (Figure
4).

Figure 4 Annual Poverty Transition Probabilities, Vietnam, 2002-2006

Non Non
2002 Poor poor 2003 Poor poor
Poor 0.63 0.37 Poor 0.63 0.37
Non Non
poor 0.08 0.92 poor 0.06 0.94
Non Non
2004 Poor poor 2005 Poor poor
Poor 0.61 0.39 Poor 0.69 0.31
Non Non
poor 0.06 0.94 poor 0.04 0.96

The annual transition probabilities show significamovements out of poverty between
2002 and 2006. Furthermore, the movements in ahdfquoverty are similar for each
year of the estimation period: with between 31% 3@ of households escaping
poverty and between 4% and 8% of households mdyaicl into poverty each year
between 2002 and 2006. The high probabilities wfaieing in the non poor state
indicates that once households escaped povertygitivis period, there is only a small
probability that they will return to being poor. 88e dynamics are in line with the
observed substantial fall in the national poveggdicount in Vietham from 29% in 2002
to 16% 2006 (World Bank, 200%.

The movement of households in and out of povertwéen 2002 and 2006 in
Vietnam is shown in Figure 5. The percentage ofkbolds that escape poverty (the
cross-hatched area) is consistently higher thantingber that move back into poverty
the dotted area) over the estimation period. Asrsequence the percentage of
households that has stayed poor from one yeaetodht (the dark shaded area) has
declined to 11% , while the percentage of housekialging non poor (the unshaded

area) has increased to 80%.

12 Note that the same absolute poverty line, basealarst-of-basic-needs approach and adjusted for
inflation, is used in both World Bank (2007) and #stimation underlying .
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Figure 5 Poverty Dynamics, Vietham, 2002-2006
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Figure 6 shows the poverty hazard functions fatvam between 2002 and 2006,
shows the probability of remaining poor compoundeer consecutive years. The slope
of the poverty hazard function between 2002 andt288lightly steeper than between
2004 to 2006 indicating that households were abkstape poverty more quickly during
the period covered by the first two survey wavdee poverty hazard function for the
entire survey period shows the probability of argoausehold in 2002 still being poor in
2006 is just 0.17. While such rapid reduction ingxty, which is mirrored by the
improvements in most other welfare indicators ietdam., it is important to recognise
that there are still sections of the populatiomanticular the ethnic minority groups
living in remote upland and mountainous areas wdemot benefited to the same extent

as the majority of the population (Baulch, Pham Redly, 2007).
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Figure 6 Poverty Hazard Functions, Vietham, 2002-06, Welfare Categories 1 & 2 (Poor)
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Table 7 shows the poverty headcount, poverty gdmaobility indices for 2002 to 2006.
Headcount poverty falls from 27% of households062to 15% of households in 2006.
The poverty gap falls from 0.08 to 0.04 over thesaeriod-> Shorrocks’ Mobility

Index has generally high values, and shows than¥eese household were most mobile
in 2002 and least mobile in 2003. This is consistéth the commodity boom
experienced by several of the export crops, sudotise and rice, produced by

Vietnamese smallholders. The average annual mplitiex for the period is 0.69.

Table 7 Poverty & Mobility Measures, Vietnam, 2002-2006

Poverty Poverty Mobility

Headcount Gap Index*

2002 27% 0.08 0.73

2003 23% 0.07 0.64

2004 19% 0.06 0.72

2005 17% 0.05 0.68
2006 15% 0.04 -

13 Note that these poverty measures should not becéegbto correspond to national level estimates, as
they have been calculated using the sub-panekd¥HLSS which, by definition is not representatdfe
Vietnam’s population, Nonetheless, the estimateeepy headcounts from the panel are within 1 or 2
percentage points of the national poverty esitisiate

14 Year corresponds to first year of transition @02 is mobility between 2002 and 2003.
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The average time taken for a household to movedsrtveach welfare category is shown
by the mean first passage time matrices in Talfbe 8002-2004 and Table 9

for 2004-2006. The mean passage time matriceégiédnam suggest a high degree of
upwards mobility. Table 8 shows that starting i92@ poor household (in expenditure
categories 1 and 2) could be expected to moventmgpoor category (categories 3-8) in
5 to 8 years, and to reach the higher welfare oaiieg)(categories 6-8) in 10 to 12 years.
Similar passage times are observed between 200208&] with poor households able to
escape poverty in 6-8 years and able to reachiginehwelfare categories in 11-13

years.

Table 8 Mean First Passage Times (years), Vietham, 2002-2004

Mean First Passage Time (Years)
1 2 3 4 5 6 7 8
1 107 7 8 11 12 18 21 20
2 256 9 5 8 10 16 21 19
3 264 18 5 7 8 14 20 17
4 268 21 7 6 8 12 18 15
5 269 23 9 8 8 10 16 13
6 269 22 10 8 8 10 16 12
7 269 24 11 10 4 11 15 11
8 272 25 13 11 10 11 15 5
Table9 Mean First Passage Times (year s), Vietham, 2004-2006
Mean First Passage Time (Years)
1 2 3 4 5 6 7 8
1 147 5 8 8 13 14 24 18
2 272 10 6 6 11 13 23 18
3 282 23 5 4 9 11 21 16
4 286 25 8 5 6 10 20 15
5 287 26 9 5 7 9 18 14
6 288 28 11 4 9 10 16 11
7 289 28 12 5 10 9 13 10
8 290 29 13 6 11 11 16 5

Figure 5also shows low probabilities of moving back intwerty from the non poor
states. This is corroborated by the high meahgessage times for households moving
to the lowest expenditure group (category 1) inghgsage time matrices. Households

who in the ‘poorest’ non poor group (category yéhan average return time to highest
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poor group (category 2) of 18 and 23 years. Thennfiest passage times for transitions
into the poorest category 1 are even higher. Haldslwho are non poor take at least
264 to 282 years to move into the poorest categoverall, these matrices suggest that
once households have escaped poverty in Vietnayratteeunlikely to return to being

poor.

5 Sensitivity Analysis

The annual poverty transition probabilities arenegted with different levels of error on
the observed data and the unobserved data. Theemwhbouseholds in each category in
the survey years and the frequencies of the suraegition matrix are observed data that
are assumed to be measured with an error of 5%nuimbder of households in each
category in non-survey years, generated usingealfitime trend, is assumed to be
measured with an error of 30%. The same errorased for KwaZulu-Natal and

Vietnam.

It is desirable to test the robustness of the drinarsition probabilities estimates
to the assumptions of the degree of measurementierthe observed and unobserved
data. A systematic sensitivity analysis is conddittequantify how much the annual
transition probabilities of the poverty transitioratrix vary under different error
assumptions. Eight sensitivity analyses are comdiiche degree of error associated with
the observed data is specified at 0%, 5% and 1@%thenerror associated with the
unobserved data is specified at 0%, 30% and 60%erAdr combinations are
implemented which yields nine values for each akthe poverty transition matrix of
which the probability for the combination 5% obssherror and 30% unobserved error
is the main result against which the sensitiviguies are compared. The full sensitivity
results are included in the appendix and a summaagsure, the Mean Absolute
Percentage Error, is presented here to providerarview of the sensitivity of the

transition probability estimates to changes indfrer assumptions.

The results of the sensitivity analysis for KwaZiatal are shown in Figure 7
and Figure 8 for wave 1 (1993-1987and Figure 9 for wave 2 (1998-2004). The results

15 The sensitivity analysis for 1993-1997 omits tbenbinations of 0% error in the unobserved data and
5% and 10% error in the observed data as the noagelot reach a feasible solution under these
constraints.
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for the off-diagonal probabilities are shown oreparate graph in wave 1 because of the
small values of the initial probability estimatesldhence the large changes in the
probability values under sensitivity analysis. Baange of changes in the error on
observed and unobserved data of between 0% andedinahinitial error value, the
probabilities of remaining in state in KwaZulu-Niadaring the first survey wave period
vary by a maximum of 24% from the estimates presgkint this paper. In contrast, the
small base values in the off-diagonal probabiliteesd to higher levels of variation in the
probability values of up to 4449%. This mean absopercentage error is for transition
between Poor and Non Poor states in 1997 and igashifom the graph to avoid scaling
problems. The magnitude of this value is due tofaeotors: a near O transition
probability value under the standard assumptiob6fobserved data error and 30%
unobserved data error and probability estimatdsetfeen 0.17 and 0.24 under an

assumption of 0% observed data error and varywgjseof unobserved data error.

Figure 7 Sensitivity Analysis, KwaZulu-Natal, Remaining in State, 1993-1998
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Figure 8 Sensitivity Analysis, KwaZulu-Natal, Moving Between States, 1993-1998
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The sensitivity results for wave 2 are shown ihe Probabilities of remaining in state
vary by an average maximum of 5%. The probabilibiesioving between Poor and Non
Poor states are more sensitive to changes in therlying error assumptions because of
the small initial values. The off-diagonal probdhak vary by an average maximum of
35% for the period 1998-2004.

Figure 9 Sensitivity Analysis, KwaZulu-Natal, 1998-2003
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The sensitivity results for both survey wave pesifat Vietnam are shown in Figure 9.
Again, the off-diagonal probabilities are more s&évesto changes in the underlying error

assumptions than the probabilities of remainingtate. The probabilities of remaining in
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state vary by up to 7% over the survey period aedorobabilities of moving between

Poor and Non Poor states vary by up to 24%.

Figure 10 Sensitivity Analysis, Vietnam, 2002-2006

50%

——PP —=—PNP
NPP NPNP

40%

30%

20%

10% A -/-\./'
-

0%

Mean Absolute Percentage Error

2002 2003 2004 2005

6 Caveats & Extensions

The annual poverty transition matrices estimateédigushe transition model presented in
this paper are epistemic; they pertain only topéeods in question. Thus probability
estimates cannot be extrapolated to other time@g@gninless the transition probabilities
are believed to represent well-behaved ergodiciloigions. Also, the poverty dynamics
identified using the cross entropy estimation pdoce can only be used to infer wider
population poverty dynamics if the extended tramisimatrices on which they are based
are truly representative. The transition probab#istimates generated by the transition
model should therefore be used to describe thegholds or individuals included in the

survey, for the time period covered by the survey.

The assumption that the number of households ih watfare category follows a
deterministic trend (with error) between the knasunvey year data is also an
assumption that can be relaxed. An extension tonibdel presented in this paper is to
use other (secondary) sources of information oreggyinequality and/or growth as
priors, which inform the number of households tekpected each transition category in
the interim years. For example, the poverty headtmtios from other poverty

monitoring surveys could be incorporated for inteyiears, or estimates of inequality
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could be utilised to improve our estimates of pgvéansitions-° A further extension
would be to include the impact of key macroecorwovairiables (e.g., growth rate) on
poverty rates and the transition process using mpigeowth elasticities! Such
extensions do, however requires substantial additio the transition modelling

procedure, and will be the subject of further resea

7 Conclusions

The number of panel surveys available to reseasdbencreasing. Such longitudinal

data provide valuable information about how livetgndards evolve over time, and the
transitions made between welfare groups for hoddstemd individuals during the

period spanned by consecutive panel waves. Bsgable however to understand the
dynamics that exist in the years between each gurage and to be able to compare
these measures across panels that use differefareveieasures and which span different
periods. A method for estimating annual transitietrices from such periodic survey
data is presented in this paper. The method usessa entropy estimation technique

with noise which is ideally suited to situationdiafited data encountered in many

developing countries.

The estimation technique was applied to panel sietsafor KwaZulu-Natal in
South Africa between 1993 and 2004 and to Vietrram 2002 to 2006. In each case the
annual transition matrices are estimated from 3esaf survey data and poverty was
estimated using an expenditure based welfare meadire poverty transitions for South
Africa during this period indicate strong rigidity which it is difficult for households to
escape poverty. In contrast, the estimated tranggrobabilities for Vietnam show a high
level of upwards mobility in which many househotale able to escape poverty. The
poverty transition matrices for Vietnam also shbattonce households have escaped

poverty, they are likely to remain non poor. Thessilts are corroborated by mean first

®Note that the poverty headcount data used shoutélbalated using the same poverty line and welfare
measures as the survey data on which the transitarices are calculated. This is not the caske either
the October Households Surveys in South Africaheradministrative poverty monitoring system in
Vietnam.

" Note that poverty-growth elasticities are themeglkelated the inequality in the region of the ptyve
line, and can be derived either analytically (bifedentiating the cumulative distribution functiahthe
poverty line) or econometrically.
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passage times between states which indicate adeigitee of upwards mobility. They

are also consistent with the recent economic hisib6outh Africa and Vietnam.

The estimation technique presented in this papéexgle and can easily be
extended to other data sets. In future work, weheilextending the method to
incorporate additional information on poverty, inatity and growth, which should
substantially improve its predictive power. Onlois is done, we believe that this
approach will provide a useful addition and powktducurrent methods of analysing

poverty dynamics and economic mobility using pateth.
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Appendix 1: Diagnostic Statistics

Normalised entropy statistics provide a measutbé@®informational content of the data
based on the distance of the posterior from thar jpriobability distributions for both the
transition probabilities and the error terms. Gaaal. (1996) introduce a range of

entropy measures including a normalised measueatodpy for each Markov statg§),

-3 (Pv,,, *logPV,, )
it

S =—< "
->(Pv2 *logPV2 )

it

PV,PV2>0.

A normalised entropy measure for the syst§mr(cluding all states,

-3 (Pv,,, *logPV,, )

— i,jt
S_—Z(Pvzi,jﬂogPVZi'j) PV,PV2>0,

it

wherePV, ;, is the estimated transition probabilities of mavfrom state to state in

timet, and PV 2.

.+ Is the estimated prior transition probabilities.

The normalised entropy measures take a value betvaed 1, where a value of
1 means indicates that the data has no informabatent above that of the prior such
that the posterior distribution equals the pri@talbution. Conversely, a value of O
means that the posterior consists entirely of mfttion from the data and the prior
values do not contribute to the values of the exth probabilities or weights. In the
case of maximum entropy estimation which does radtanuse of prior information, the

denominator in each measure is replaced with th@idhe uniform distributionl()g(%))

and the measures indicate the information contethteodata over the uniform
distribution.

Soofi (1992) defines a corresponding measure ahabised entropy, the

Information Index ),
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The Entropy Ratio (ER) statistic provides a furttest of the information content
of the data. Under the null hypothesis that th&itistion of prior probabilities is equal to

the distribution of estimated probabilities,

H,: PV,

tij

=PV2,,

the entropy ratio is distributed asyd_, distribution. Golan and Vogel (2000) define the

entropy ratio statistic for the cross-entropy folation as,

—vai,j logPV, |
i

ER=2 - PV2 logPV2  [*|1-| —=
2{ ZJ ! "] ->'PV2,logPV2,

ij

The null hypothesis is rejected if the entropyaatiatistic is greater than the _, critical

value, implying that the information content of diega is significant relative to the prior

values or that the prior values are not consistétht the data.
Alternatively, a x5 _,goodness of fit test can be used, defined as iarGahd

Vogel (2000) as,

1
Xia :Z PV2 (Pvi,j - PV2i,1)2 .
1]

ij
with the same null hypothesis as the entropy tast If the calculated/® statistic

exceeds the critical value, the null hypothesiejscted and the estimated probabilities

differ significantly from the prior values at thevgn confidence level.
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Appendix 2: Estimated Transition Matrices (KwaZulu-Natal)

1993

1994

1995

1996

1997

1998

cl c2 c3 c4 c5 c6 c7
cl 0.00 1.00 0.00 0.00 0.00 0.00 0.00
c2 0.24 0.49 0.01 0.18 0.06 0.02 0.00
c3 0.00 0.39 0.22 0.31 0.00 0.02 0.05
c4 0.03 0.08 0.34 0.20 0.30 0.00 0.04
c5 0.02 0.21 0.51 0.00 0.17 0.00 0.10
c6 0.03 0.03 0.27 0.00 0.29 0.14 0.24
c7 0.00 0.00 0.44 0.00 0.00 0.55 0.02
cl c2 c3 c4 c5 c6 c7
cl 0.95 0.05 0.00 0.00 0.00 0.00 0.00
c2 0.00 1.00 0.00 0.00 0.00 0.00 0.00
c3 0.00 0.00 0.95 0.00 0.01 0.00 0.04
c4 0.10 0.03 0.00 0.87 0.00 0.00 0.00
c5 0.05 0.09 0.03 0.00 0.82 0.00 0.00
c6 0.00 0.00 0.12 0.00 0.02 0.85 0.00
c7 0.00 0.00 0.12 0.00 0.00 0.03 0.85
cl c2 c3 c4 c5 c6 c’
cl 0.98 0.02 0.00 0.00 0.00 0.00 0.00
c2 0.03 0.97 0.00 0.00 0.00 0.00 0.00
c3 0.00 0.00 0.95 0.00 0.01 0.00 0.04
c4 0.08 0.01 0.00 0.90 0.00 0.00 0.00
c5 0.00 0.00 0.04 0.00 0.95 0.00 0.01
c6 0.00 0.00 0.11 0.00 0.02 0.87 0.00
c7 0.00 0.00 0.11 0.00 0.00 0.03 0.86
cl c2 c3 c4 c5 c6 (4
cl 0.87 0.13 0.00 0.00 0.00 0.00 0.00
c2 0.13 0.61 0.25 0.02 0.00 0.00 0.00
c3 0.00 0.01 0.48 0.30 0.06 0.06 0.09
c4 0.07 0.57 0.00 0.37 0.00 0.00 0.00
c5 0.00 0.33 0.04 0.00 0.63 0.00 0.01
c6 0.00 0.00 0.18 0.00 0.38 0.44 0.00
c7 0.00 0.00 0.21 0.00 0.00 0.04 0.75
cl c2 c3 c4 c5 c6 c7
cl 0.98 0.02 0.00 0.00 0.00 0.00 0.00
c2 0.00 1.00 0.00 0.00 0.00 0.00 0.00
c3 0.00 0.01 0.91 0.08 0.00 0.00 0.00
c4 0.00 0.19 0.00 0.81 0.00 0.00 0.00
c5 0.00 0.01 0.07 0.00 0.91 0.00 0.01
c6 0.00 0.00 0.12 0.00 0.18 0.70 0.01
c7 0.00 0.00 0.06 0.00 0.00 0.04 0.89
cl c2 c3 c4 c5 c6 c7
cl 0.46 0.53 0.00 0.00 0.00 0.00 0.00
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c2 0.23 0.57 0.09 0.04 0.02 0.01 0.04
c3 0.16 0.08 0.50 0.06 0.18 0.01 0.01
c4 0.00 0.10 0.47 0.38 0.00 0.05 0.0(
c5 0.00 0.34 0.00 0.08 0.17 0.11 0.3(
c6 0.00 0.00 0.00 0.62 0.38 0.00 0.0(
c7 0.02 0.03 0.05 0.28 0.14 0.10 0.37
1999 cl c2 c3 c4 c5 c6 c7
cl 0.86 0.14 0.00 0.00 0.00 0.00 0.0(
c2 0.10 0.81 0.07 0.01 0.00 0.00 0.0(
c3 0.16 0.07 0.64 0.03 0.01 0.05 0.05
c4 0.00 0.03 0.22 0.75 0.00 0.00 0.0(
c5 0.00 0.03 0.00 0.09 0.84 0.00 0.04
c6 0.00 0.00 0.00 0.07 0.03 0.89 0.0(
c7 0.00 0.02 0.02 0.06 0.03 0.05 0.872
2000 cl c2 c3 c4 c5 c6 c7
cl 0.97 0.03 0.00 0.00 0.00 0.00 0.0(
c2 0.00 0.93 0.05 0.01 0.01 0.00 0.0(
c3 0.00 0.10 0.78 0.04 0.01 0.00 0.07
c4 0.00 0.03 0.21 0.76 0.00 0.00 0.0(
c5 0.00 0.03 0.00 0.09 0.85 0.00 0.03
c6 0.00 0.00 0.00 0.01 0.00 0.99 0.0(
c7 0.00 0.02 0.02 0.06 0.04 0.00 0.87
2001 cl c2 c3 c4 c5 c6 c7
cl 0.93 0.05 0.00 0.00 0.00 0.01 0.0(
c2 0.15 0.79 0.04 0.01 0.01 0.00 0.0(
c3 0.01 0.11 0.75 0.04 0.01 0.00 0.07
c4 0.00 0.08 0.20 0.72 0.00 0.00 0.0(
c5 0.00 0.06 0.00 0.10 0.81 0.00 0.03
c6 0.00 0.00 0.00 0.00 0.00 1.00 0.0(
c7 0.00 0.02 0.01 0.06 0.04 0.00 0.87
2002 cl c2 c3 c4 c5 c6 c’
cl 0.97 0.02 0.00 0.00 0.01 0.00 0.0(
c2 0.11 0.80 0.05 0.01 0.02 0.00 0.01
c3 0.01 0.13 0.73 0.04 0.01 0.00 0.08
c4 0.00 0.14 0.17 0.69 0.00 0.00 0.0(
c5 0.00 0.08 0.00 0.12 0.77 0.00 0.03
c6 0.00 0.00 0.00 0.00 0.00 1.00 0.0(
c7 0.00 0.02 0.01 0.05 0.03 0.00 0.88
2003 | cl c2 c3 c4 c5 c6 c7




cl 0.98 0.01 0.00 0.00 0.01 0.00 0.00
c2 0.07 0.83 0.07 0.01 0.02 0.00 0.01
c3 0.01 0.16 0.71 0.04 0.01 0.00 0.0§
c4 0.00 0.18 0.15 0.68 0.00 0.00 0.00
c5 0.00 0.10 0.00 0.15 0.72 0.00 0.03
c6 0.00 0.00 0.00 0.00 0.00 1.00 0.00
c7 0.00 0.01 0.01 0.05 0.03 0.00 0.9¢
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Appendix 3: Estimated Transition Matrices (Vietnam)

2002

2003

2004

2005

cl c2 c3 c4 c5 c6 c7 c8
cl 0.36 0.54 0.06 0.00 0.00 0.00 0.05 0.00
c2 0.04 0.57 0.20 0.16 0.02 0.00 0.0d 0.01
c3 0.01 0.15 0.50 0.17 0.15 0.00 0.0d 0.02
c4 0.00 0.04 0.31 0.33 0.10 0.09 0.0¢9 0.05
c5 0.00 0.02 0.15 0.12 0.15 0.36 0.11 0.08
c6 0.00 0.04 0.11 0.22 0.16 0.16 0.08 0.22
c7 0.01 0.00 0.02 0.00 0.57 0.00 0.13 0.28
c8 0.00 0.02 0.01 0.05 0.02 0.11 0.09 0.71
cl c2 c3 c4 c5 c6 c7 c8
cl 0.82 0.11 0.03 0.00 0.00 0.00 0.05 0.00
c2 0.00 0.61 0.32 0.04 0.02 0.00 0.0d 0.00
c3 0.00 0.14 0.45 0.24 0.16 0.00 0.01 0.02
c4 0.00 0.03 0.18 0.43 0.12 0.14 0.04 0.06
c5 0.00 0.00 0.23 0.18 0.14 0.20 0.13 0.12
c6 0.00 0.07 0.07 0.15 0.16 0.26 0.16 0.14
c7 0.00 0.00 0.02 0.00 0.62 0.00 0.14 0.2p
c8 0.00 0.01 0.01 0.05 0.02 0.09 0.10 0.72
cl c2 c3 c4 c5 c6 c7 c8
cl 0.30 0.61 0.00 0.00 0.00 0.04 0.0d 0.04
c2 0.04 0.53 0.30 0.10 0.00 0.01 0.01 0.01
c3 0.01 0.11 0.50 0.20 0.03 0.12 0.01 0.01
c4 0.00 0.07 0.23 0.18 0.34 0.13 0.0( 0.06
c5 0.00 0.04 0.14 0.18 0.35 0.08 0.11 0.10
c6 0.00 0.01 0.07 0.22 0.20 0.12 0.18 0.20
c7 0.00 0.01 0.02 0.28 0.00 0.16 0.29 0.24
c8 0.00 0.01 0.00 0.22 0.00 0.03 0.08 0.66
cl c2 c3 c4 c5 c6 c7 c8
cl 0.64 0.32 0.00 0.00 0.00 0.02 0.0d 0.02
c2 0.00 0.65 0.24 0.03 0.00 0.06 0.01 0.01
c3 0.00 0.07 0.51 0.34 0.03 0.03 0.01 0.01L
c4 0.00 0.04 0.23 0.10 0.52 0.07 0.0d 0.04
c5 0.00 0.03 0.13 0.24 0.24 0.24 0.04 0.08
c6 0.00 0.01 0.05 0.43 0.00 0.08 0.21 0.2P
c7 0.00 0.01 0.03 0.18 0.00 0.25 0.3( 0.28
c8 0.00 0.01 0.00 0.06 0.00 0.12 0.11 0.71
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Appendix 4: Sensitivity Analysis

The results of the sensitivity analysis for Vietnara shown below. The abbreviations
PP, PNP, NPP and NPNP correspond to the povertgitian Poor-Poor, Poor-Non

Poor, Non Poor-Poor and Non Poor-Non Poor. The ureagent error associated with
observed data is shown in the row heading of eaathixrand ranges from 0%-10%. The
measurement error associated with the unknownisigteown in the column headings
and ranges from 0%-60%. In each matrix, the maualt@resented in the paper is shaded

in grey for ease of comparison.

KwaZulu-Natal

1993 PP 0% 30% 60% PNP 0% 30% 60%
0% 0.99 0.94 1.00 0% 0.01 0.06 0.0Q
5% INFES 0.77 0.71 5% INFES| 0.23 0.29
10% INFES 0.71 0.72 10% INFES 0.29 0.28
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.05 0.10 0.04 0% 0.95 0.90 0.96
5% INFES 0.24 0.27 5% INFES| 0.76 0.73
10% INFES 0.28 0.27 10% INFES 0.72 0.73

1994 PP 0% 30% 60% PNP 0% 30% 60%
0% 0.99 0.92 1.00 0% 0.01 0.08 0.0Q
5% INFES 1.00 0.99 5% INFES| 0.00 0.01
10% INFES 1.00 0.99 10% INFES 0.00 0.01
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.06 0.15 0.04 0% 0.94 0.85 0.94
5% INFES 0.06 0.10 5% INFES| 0.94 0.90
10% INFES 0.07 0.08 10% INFES 0.93 0.92

1995 PP 0% 30% 60% PNP 0% 30% 60%
0% 0.98 0.95 1.00 0% 0.02 0.05 0.0Q
5% INFES 1.00 1.00 5% INFES| 0.00 0.00
10% INFES 1.00 1.00 10% INFES 0.00 0.0d
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.07 0.04 0.04 0% 0.93 0.96 0.96
5% INFES 0.03 0.04 5% INFES| 0.97 0.96
10% INFES 0.00 0.05 10% INFES 1.00 0.95
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1996

1997

1998

1999

2000

PP 0% 30% 60% PNP 0% 30% 60%
0% 0.96 0.99 0.55 0% 0.04 0.01 0.45
5% INFES 0.80 1.00 5% INFES| 0.20 0.00

10% INFES 1.00 1.00 10% INFES 0.00 0.0d
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.10 0.02 0.43 0% 0.90 0.98 0.57
5% INFES 0.23 0.03 5% INFES| 0.77 0.97

10% INFES 0.06 0.04 10% INFES 0.94 0.96
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.80 0.83 0.76 0% 0.20 0.17 0.24
5% INFES 1.00 1.00 5% INFES| 0.00 0.00

10% INFES 1.00 1.00 10% INFES 0.00 0.0d
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.27 0.27 0.34 0% 0.73 0.73 0.64
5% INFES 0.05 0.03 5% INFES| 0.95 0.97

10% INFES 0.04 0.03 10% INFES 0.96 0.97
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.92 0.93 0.91 0% 0.08 0.07 0.09
5% 0.83 0.86 0.85 5% 0.17 0.14 0.15
10% 0.87 0.86 0.85 10% 0.13 0.14 0.15
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.12 0.10 0.10 0% 0.88 0.90 0.90
5% 0.22 0.19 0.20 5% 0.78 0.81 0.8Q
10% 0.18 0.19 0.20 10% 0.82 0.81 0.8(
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.94 0.94 0.93 0% 0.06 0.06 0.07
5% 0.95 0.94 0.95 5% 0.05 0.06 0.05
10% 0.96 0.94 0.95 10% 0.04 0.06 0.0
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.10 0.09 0.10 0% 0.90 0.91 0.9Q
5% 0.08 0.11 0.11 5% 0.92 0.89 0.89
10% 0.07 0.10 0.09 10% 0.93 0.90 0.91
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.95 0.95 0.95 0% 0.05 0.05 0.05
5% 0.98 0.96 0.96 5% 0.02 0.04 0.04
10% 0.97 0.96 0.95 10% 0.03 0.04 0.05
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.08 0.09 0.09 0% 0.92 0.91 0.91
5% 0.05 0.05 0.05 5% 0.95 0.95 0.95
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2001

2002

2003

10% 0.06 0.07 0.07 10% 0.94 0.93 0.93
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.95 0.95 0.94 0% 0.05 0.05 0.04
5% 0.98 0.96 0.95 5% 0.02 0.04 0.05
10% 0.96 0.96 0.96 10% 0.04 0.04 0.04
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.10 0.09 0.14 0% 0.90 0.91 0.86
5% 0.05 0.08 0.08 5% 0.95 0.92 0.92
10% 0.07 0.08 0.08 10% 0.93 0.92 0.97
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.95 0.91 0.96 0% 0.05 0.09 0.04
5% 0.98 0.95 0.95 5% 0.02 0.05 0.09
10% 0.96 0.95 0.95 10% 0.04 0.05 0.05
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.09 0.16 0.10 0% 0.91 0.84 0.90
5% 0.05 0.10 0.10 5% 0.95 0.90 0.90
10% 0.07 0.10 0.09 10% 0.93 0.90 0.91
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.92 0.94 0.93 0% 0.08 0.06 0.07
5% 0.90 0.94 0.95 5% 0.10 0.06 0.05
10% 0.90 0.94 0.95 10% 0.10 0.06 0.05
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.15 0.11 0.11 0% 0.85 0.89 0.89
5% 0.18 0.11 0.11 5% 0.82 0.89 0.89
10% 0.18 0.11 0.10 10% 0.82 0.89 0.9(¢
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Vietnam

2002

2003

2004

2005

PP 0% 30% 60% PNP 0% 30% 60%
0% 0.68 0.55 0.62 0% 0.32 0.45 0.38
5% 0.61 0.63 0.58 5% 0.39 0.37 0.42

10% 0.64 0.63 0.58 10% 0.36 0.37 0.42
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.07 0.11 0.10 0% 0.93 0.89 0.99
5% 0.09 0.08 0.11 5% 0.91 0.92 0.89

10% 0.08 0.08 0.11 10% 0.92 0.92 0.89
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.59 0.75 0.67 0% 0.41 0.25 0.33
5% 0.65 0.63 0.70 5% 0.35 0.37 0.30

10% 0.61 0.63 0.70 10% 0.39 0.37 0.3(
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.07 0.03 0.04 0% 0.93 0.97 0.96
5% 0.06 0.06 0.04 5% 0.94 0.94 0.96

10% 0.07 0.06 0.04 10% 0.93 0.94 0.9¢
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.60 0.68 0.65 0% 0.40 0.32 0.35
5% 0.58 0.61 0.62 5% 0.42 0.39 0.38

10% 0.62 0.60 0.63 10% 0.38 0.40 0.37
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.07 0.04 0.04 0% 0.93 0.96 0.96
5% 0.07 0.06 0.06 5% 0.93 0.94 0.94

10% 0.06 0.06 0.06 10% 0.94 0.94 0.94
PP 0% 30% 60% PNP 0% 30% 60%
0% 0.71 0.61 0.63 0% 0.29 0.39 0.37
5% 0.74 0.69 0.68 5% 0.26 0.31 0.32

10% 0.67 0.71 0.67 10% 0.33 0.29 0.33
NPP 0% 30% 60% NPNP 0% 30% 60%
0% 0.03 0.05 0.05 0% 0.97 0.95 0.95
5% 0.03 0.04 0.04 5% 0.97 0.96 0.96

10% 0.04 0.03 0.04 10% 0.96 0.97 0.9¢
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