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Abstract: After years of economic decline, conflict, and instability, the Democratic Republic of
Congo achieved rapid economic growth in the 2000s along with a reduction in rural consumption
poverty. This paper evaluates the extent to which recent growth has been accompanied by
improvements in multidimensional child welfare using a first-order dominance approach applied
to Multiple Indicator Cluster Surveys and Demographic and Health Surveys. The authors explore
the root of indeterminate outcomes in spatial analysis and evaluate the sensitivity of spatial and
temporal outcomes to indicator choice. Though results do not indicate broad-based welfare
advancement at the national, urban, or rural levels, they do suggest progress within a number of
individual provinces.
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1 Introduction

The Democratic Republic of Congo (DRC) has endured decades of conflict, corruption, political
and legal instability, poor infrastructure, and substandard macroeconomic policies. Given this
volatile environment, it is not surprising that the DRC is among the poorest countries in the world
based on both its gross domestic product (GPD) per capita and Human Development Index
scores. Despite this unfavourable history, evidence suggests that the DRC has begun a path to
recovery through a sustained average annual growth rate of 6 per cent since 2002 (World Bank
2014). Nonetheless, although estimated monetary poverty has fallen during this period of recovery
from 71 per cent in 2005, nearly two-thirds of the population (63 per cent) remained poor in 2012
(UNDP 2014). Broader measures of welfare also continue to register low levels as evidenced by
the DRC’s likely failure to achieve any of the eight Millennium Development Goals (MDGs)
(UNDP 2014).

This paper continues the work of Nanivazo and Mahrt (2016, forthcoming) in seeking to provide
a broader understanding of non-monetary welfare in the DRC. For this purpose, Arndt et al.’s
(2012) first-order dominance (FOD) approach is used to evaluate the distribution and evolution
of multidimensional welfare of school-aged children in the 11 provinces of the DRC. The analysis
spans the years 2007 to 2013, a period of ongoing localized conflict but overall increased political
stability as well as strong economic growth. In addition to presenting FOD analysis, this paper
delves into the possibility of FOD comparisons not determining dominance between two areas.
Indeterminate outcomes may result from areas being very similar or very different across time and
space. Understanding this distinction may be quite useful in evaluating FOD results.

The organization of this paper is as follows. Section 2 discusses indeterminate outcomes in FOD.
Section 3 presents the data, discusses sampling issues, and defines the FOD indicators. Section 4
presents the FOD results and sensitivity analysis. Finally, Section 5 provides a concluding
discussion.

2 Indeterminate FOD outcomes

The analysis presented in this paper employs the FOD approach to empirically evaluate the
wellbeing of school-aged children in the 11 provinces and three aggregate areas (national, urban,
and rural) in the DRC in 2001, 2007, 2010, and 2013. For detailed presentations of the FOD
methodology see Arndt et al. 2012 or Arndt et al. 2013. In this section, we consider the possibility
of FOD not establishing dominance between two populations over time or space. In general,
indeterminate outcomes are likely when populations have very similar or very different welfare
profiles; the latter is the focus of this discussion.

Given two populations A and B, the FOD criterion can be described as follows: population A
first-order dominates population B if one can generate distribution B by transferring probability
mass (i.e. moving individuals) from better to unambiguously worse outcomes within A. FOD
dominance requires better welfare outcomes to be manifested throughout the population and
across indicators. Indeterminate outcomes could stem from poor outcomes in a single indicator
within a small subset of the population. Therefore, a dominant result provides a robust and broad-
based indication of greater welfare through time or across space.

When welfare outcomes are not at all similar between areas or within the same area over time,
FOD comparisons may result in indeterminate outcomes. We illustrate two scenarios involving
two populations, A and B. In both scenarios, 50 per cent of population A and 30 per cent of
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population B is not deprived in each indicator; however, the distribution of populations between
welfare outcomes differs in each population and in each scenario. In Scenario 1, population A and
B are similar in welfare patterns. However, fewer shares of population A fall into deprived welfare
combinations and none of population B is not deprived in any indicator. In this scenario,
dominance of A over B is easily established. By transferring shares of population A from a strictly
better outcome (1,1,1) to strictly worse outcomes (1,0,0), (0,1,0), (0,0,1), and (0,0,0), the
distribution of B is recreated.

Scenario 1: Population A dominates population B

Population not deprived in each indicator (%)

Water Sanitation  Shelter
Urban 50 50 50
Rural 30 30 30

Population shares with each combination of welfare indicators (%)

Water Sanitation  Shelter A B A
0 0 0 0 10 10
0 0 1 25 30 30
0 1 0 25 " 30
1 0 0 25 30
0 1 1 0 0
1 0 1 0 0
1 1 0 0 0
1 1 1 25 0
Total 100 100

Source: Authors’ illustration.

Scenario 2 illustrates the possibility of an indeterminate outcome even when population A
outperforms population B on average in every indicator (which precludes the possibility that B
could dominate A). In this case, the distribution of population A and B falling into each
combination of indicators is sufficiently different that population B’s distribution cannot be
created by moving shares of A to strictly worse outcomes. Specifically, because A’s outcome (0,1,0)
is no better or worse than B’s outcomes (0,0,1) and (1,0,0), B’s distribution cannot be recreated.



Scenario 2: Population A and population B are indeterminate

Population not deprived in each indicator (%)

Water Sanitation  Shelter
Urban 50 50 50
Rural 30 30 30

Population shares with each combination of welfare indicators (%)

Water Sanitation  Shelter A i A'

0 0 : R 30" ? 10

0 1 0 50 g 40

1 O 0 : 30 ................ > 25

0 1 : 0 e 2

1 0 1 0 0 0

1 . 0 0 0 |

1 . : 0 0 0
Total 100 100 100

Source: Authors’ illustration.

From an analytical perspective, it would be useful to understand if indeterminate outcomes
resulted from similarities or differences across time or space. While this distinction may not be
immediately obvious, basic descriptive statistics may in some cases shed light on the inability of
FOD to determine dominance. The following section evaluates descriptive statistics and Section
4 applies these observations to the FOD results.

3 FOD indicators
3.1 Survey data

The FOD indicators are drawn from the 2007 and 2013 DRC Demographic Health Surverys
(DHS) and 2010 DRC Multiple Indicator Cluster Survey (MICS), tabulated by the Ministry of
Planning and Macro International Inc. (2008), Ministry of Planning et al. (2014), and the National
Institute of Statistics and UNICEF (2011), respectively. The surveys are nationally representative
household surveys that follow a similar sampling scheme with stratification by provinces as well
as cities, towns, and rural areas. Sample sizes increase over time with 8,886, 11,393, and 18,171
households included in the 2007 DHS, the 2010 MICS, and the 2013 DHS, respectively. The
sample of school-aged children used in this analysis is restricted to children aged 7—17 with non-
missing values for all indicators and the sample increases from 13,397 in 2007 to 17,351 in 2010
and 27,905 in 2013.

It is worth emphasizing that data collection is a challenging endeavour in DRC. Given its recent
tumultuous history, institutional weaknesses, and the lack of trust of the population vis-a-vis agents
of the government (enumerators), the scope for non-sample error is large. Even sample biases are
difficult to control. The most recent census was collected more than 30 years ago, in 1984. All
recent national surveys, including the DHS, the MICS, and the Enquéte 1-2-3 (the basis of national
consumption poverty estimates), base their sample frames on a combination of the 1984 census
and administrative censuses. This is well short of ideal. Consequently, figures derived from the
three surveys in focus here should be interpreted with a degree of caution.



The lack of a proper sample frame becomes apparent in the fluctuation in the urban sample size
from year to year. In the sample of all individuals, the urban sample fluctuates between 42.9, 30.3,
and 34.5 per cent in 2007, 2010, and 2013. To reduce the influence of these ad hoc sample frame
variations on outcomes, we reweight the sample in order to strike World Bank (2014) urban
population share estimates of 38.5, 39.4, and 41.5 per cent in 2007, 2010, and 2013 respectively.

3.2 Indicator definitions

The FOD methodology is rooted in measuring welfare profiles of populations based on a set of
binary indicators. Given the deep and extensive nature of poverty in the DRC, we define child
poverty as a severe lack of access to basic needs. Gordon et al. (2003a, 2003b) developed a set of
indicators, known as the ‘Bristol Indicators’. Specifically, severe deprivations are defined as
‘circumstances that are highly likely to have serious adverse consequences for the health, well-
being, and development of children’ (Gordon et al. 2003b: p5). Closely following the ‘Bristol
Indicators’, Nanivazo and Mahrt (2016, forthcoming) define five deprivation indicators for
children aged 7-17," which are adopted in this analysis. Each indicator is defined according to a
deprivation threshold such that children with outcomes better than the threshold are considered
not deprived. Deprivation thresholds are described below:

1. Water deprivation: Children with only access to surface water for drinking or for whom the
nearest source of water is more than a 30-minute walking distance from their dwellings.

2. Sanitation deprivation: Children with no access to any kind of latrines or toilets.

3. Shelter deprivation: Children living in dwellings with five or more people per room or with
no flooring material (e.g. a mud floor).

4. Health deprivation: Children who did not sleep under a bed net the previous night.”

5. Information deprivation: Children who belong to a household where there is no access to a
television, radio, or phone.’

6. Eduncation deprivation: Children who have never been to at least primary school or are not
currently attending school.

Table 1 reports the percentage of school-aged children not deprived in water, sanitation, shelter,
health, information, and education by area and years. Though the indicators provide mixed
evidence of advancement and stagnation, the picture is typically one of progress when only
averages are considered. All aggregate areas and provinces advanced in terms of bed net usage (the
health proxy indicator), primary school enrolment, and access to information. National use of bed
nets increased fivefold to 40.1 per cent in 2013 by which time they were used neatly equally in

' Nanivazo and Mahrt (2016, forthcoming) also define a set of indicators for children aged 05 that includes an
indicator of malnutrition.

% The Bristol health indicator is defined in terms of immunizations. Due to the limited sample from which this data is
drawn and the FOD requirement that no indicator should have missing values, we define health in terms of the use
of bed nets.

? Data on the possession of mobile phones was not collected in 2001. However, given the limited usage of mobile
phones in 2001, this is not likely to significantly influence the results.
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urban and rural areas. By 2013, more than 93 per cent of school-aged children had at least some
primary school education. Though this indicator measures severe deprivation and does not provide
information as to completion of primary school, rural children accessing primary school increased
from 77 per cent in 2007 to 90 per cent in 2013.

Progress in attaining access to improved water, sanitation, and shelter varied. While sanitation and
shelter declined for the nation, urban areas, and rural areas, water improved for the nation and
rural areas but declined in urban areas. Progress in water, sanitation, and shelter outcomes within
the provinces also varied.

For example, access to water nearly doubled in Maniema while sanitation declined and shelter
stagnated; in Sud Kivu, access to water and sanitation dropped and then bounced back to 2007
levels while shelter steadily declined; and, Nord Kivu significantly improved in all three indicators.

4 Results
4.1 Temporal FOD comparisons

Table 2 reports FOD temporal net domination results using the six indicators described in Section
3.2. FOD comparisons are made using the original survey data and one hundred bootstrap
samples; the former is referred to as the static approach. Bold values indicate domination in the
static case. Bootstrap outcomes are measured as the average of domination across all bootstrap
samples and are interpreted as probabilities of domination. Temporal net domination measures
the probability an area’s welfare improves between two years minus any probability of regression.
Positive values indicate the probability of advancement, blank cells stagnation, and negative values
indicate the probability of regression.

The temporal FOD comparisons do not indicate significant probabilities of improvement over
time in the nation, urban areas, or rural areas. Nord Kivu is the only province with a significant
probability of advancing over the full study period (58 per cent). Nord Kivu and Kasai Occidental
are likely to have advanced between 2010 and 2013 with probabilities of 69 per cent and 45 per
cent, respectively. Only the province of Orientale exhibited advancement in the static case between
2007 and 2010, though probabilities of advancement are relatively low in the bootstrap (33 per
cent). Each of the abovementioned provinces improves on average in every indicator over the
relevant timeframe. In contrast, Bas-Congo improves in each indicator between 2010 and 2013
but the static FOD case does not provide evidence of welfare gains. Bas-Congo illustrates that
advancing in every indicator on average does not assure FOD advancement. A failure to achieve
net temporal FOD dominance in such a case stems from an uneven distribution of gains among
children. In other words, welfare gains are not broad-based.

The lack of widespread net temporal dominance can be attributed to regression and stagnation in
the water, sanitation, and shelter deprivation indicators. Of the six indicators considered, health,
information, and education exhibit a consistent pattern of improvement for nearly all areas.
However, in each year, the direction of change in water, sanitation, and shelter welfare varies
considerably. To explore the impact of each indicator on temporal results, FOD comparisons are
re-evaluated excluding each indicator one by one. The results are presented in Table 3.

Evidence of advancement in Bas-Congo, Kasai Occidental, North Kivu, and Otientale is robust
even when the strongly performing indicators, health, information, and education are individually
excluded. Not surprisingly, excluding sanitation and shelter leads to a significantly greater
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probability of welfare gains in both static and bootstrap FOD comparisons. Notably, excluding
sanitation results in national, rural, and urban FOD advancement between 2007 and 2010, and
excluding shelter results in rural advancement between 2010 and 2013. Bas-Congo appears to be
quite sensitive to the distribution of gains. Though welfare gains are not registered in FOD
comparisons using all six indicators, excluding education, information, shelter, sanitation, or water
leads to 2013 dominating 2010 in the static sample and greater probabilities of domination in the
bootstrap samples; this is particularly interesting as education and information are indicators that
on average improved between 2010 and 2013.

4.2 Spatial FOD comparisons

Tables 4 through 6 report the results of the 2007, 2010, and 2013 spatial FOD bootstrap
comparisons, with values in bold indicating domination in the static sample. Row (column)
averages display the probability that an area first-order dominates (or is dominated by) other
provinces. Therefore, provinces that are relatively better off have larger row and lower column
averages.*

Spatial FOD comparisons result in a high degree of indeterminate outcomes. Focusing on
dominance in the static case (bolded values) or on bootstrap probabilities greater than 10 per cent,
neatly every dominant outcome occurs when Kinshasa, Sud Kivu, or urban areas dominate or
when Kasai Occidental or rural areas are dominated. Indeterminacy in 2013 is even more extreme
in that much of the dominance of Kinshasa, Sud Kivu, and urban areas falls out, particularly in the
static case. The apparent failure of Kinshasa and urban areas to dominate poor provinces is
counter-intuitive. For example, Kinshasa (the least poor province with a 2012 poverty rate of 37
per cent) not dominating Equateur (one of the poorest provinces with a poverty rate of 78 per
cent) is quite surprising. Average welfare in each indicator (Table 1), provides insight into why this
may be happening. The health indicator stands out as following a pattern distinctly different to
other indicators. Specifically, in 2013, all aggregate areas and five provinces outperform Kinshasa
compared to virtually no other area outperforming Kinshasa in any other indicator in any year.
Once again, when welfare patterns are much different between populations, indeterminate
outcomes are likely. To test the sensitivity of the results to bed net usage, FOD spatial comparisons
are conducted excluding the health indicator; results are presented in Table 7. Without health, the
counter-intuitive indeterminate outcomes are eliminated. This implies that the results are sensitive
to choice of deprivation indicators as well as to their definitions. We further explore this sensitivity
in the next section.

4.3 Spatial rankings

Spatial net domination provides a basis for ranking provinces and conveniently presenting a more
detailed perspective on the evolution of relative wellbeing. Net domination measures the
probability that an area dominates other areas minus the probability it is dominated by other areas.
Area rankings and net domination scores are reported in Table 8.

It is worth noting that the difference between net domination scores is often not sufficiently large
to distinguish robustly between differences in welfare outcomes and randomness introduced
through bootstrapping. To avoid misinterpreting rankings, within the tables, shading and lines
identify clusters with similar net domination scores. Within these clusters, ranks cannot be

* Note that bootstrap sampling introduces a degree of randomness into the results and care must be taken not to place
too much importance on very small probabilities.



established with confidence. Furthermore, for areas with similar scores, small changes in bootstrap
probabilities may lead to disproportionately large rank changes. This sensitivity to small
perturbations is a likely explanation for some of the fluctuations in rank changes among provinces.

Despite the need for caution in interpreting rankings, several conclusions can be drawn. Kinshasa
and urban areas are ranked first or second throughout the six-year period. Despite high
probabilities of temporal welfare advancement in Kasai Occidental, these gains were insufficient
to improve its ranking. Kasai Occidental is ranked last in all years and is solidly last in 2013.
Consistent with temporal results, Orientale jumps toward the top of the rankings in 2010, but
these gains do not persist into 2013 (Orientale registers no temporal improvement between 2010
and 2013, see Table 2). Bandundu experiences the greatest increase in welfare relative to other
areas, climbing five places, which is an improvement robust to randomness introduced via
bootstrapping.

The FOD rankings appear to suggest a narrowing in the welfare gap among provinces as seen in
the decline of Kinshasa’s net dominance over other areas from .85 in 2007 to .38 in 2013. However,
this narrowing is a result of the indeterminacy between urban areas and Kinshasa and many
provinces due to the inclusion of the health indicator. Table 9 presents spatial rankings when the
health indicator is excluded. Rather than a narrowing, the gap between Kinshasa and urban areas
and all other areas is wider in all three years. Furthermore, rankings become extremely stable
between years indicating that the health indicator drives much of the ranking variation seen in
Table 8. Nonetheless, the ranking gain of Oriental between 2007 and 2010 is robust.

5 Discussion

This paper provides an evaluation of multidimensional welfare across provinces in the DRC from
2007 to 2013, a time period corresponding to local turmoil, restoration, reformation, and growth
as well as declining rural consumption poverty. Application of the FOD approach to the 2010
MICS and the 2007 and 2013 DHS survey data, allows the analysis of the welfare of children aged
7—17 in terms of water, sanitation, shelter, health, information, and education.

Despite positive economic growth and consumption poverty trends, FOD temporal comparisons
do not indicate broad-based advancement of welfare at the national, urban, or rural levels over the
six-year period. This lack of multidimensional welfare advancement is partially due to inconsistent
progress in the water, sanitation, and housing indicators. Nonetheless, all areas achieved significant
reductions in the percentage of children deprived in bed net usage, access to information, and
primary school enrolment. Only Nord Kivu exhibits convincing evidence of advancement across
all indicators and over the full period.

Spatial FOD results are sensitive to the inclusion of the health indicator, defined as children not
sleeping under a bed net the previous night. Our analysis demonstrates that the failure of Kinshasa
and urban areas to dominate the most impoverished provinces in 2013 is likely due to an uneven
distribution of gains; specifically, deprivation in health (as measured by bed net usage) is higher in
Kinshasa and urban zones compared to a number of areas that are worse off in all other indicators.
Given this sensitivity to the health indicator and its counter-intuitive pattern of deprivation, it is
useful to consider if bed net usage is an informative indicator in spatial comparisons.

The value of the bed net indicator hinges on its ability to measure a reduction in children’s
exposure to malaria. Households in urban areas may opt to use bed nets less frequently than their
rural counterparts if alternatives such as insecticide sprays are more widely available. Furthermore,
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households in less malaria prevalent areas, such as the city-centre of Kinshasa (Giovanfrancesco
et al. 2012), may elect not to use bed nets without significantly increasing their exposure to malaria.
In both scenarios, the bed net indicator is counting children as deprived who are not necessarily
at greater risk of contracting malaria, and is therefore not an appropriate measure of deprivation
in health and should not be included in FOD analysis. Alternatively, if alternative prevention
measures and malaria prevalence are equal in rural and urban areas, then the lower bed net usage
in Kinshasa and urban areas truly reflects a greater deprivation level. Unfortunately, the
information required to assess the appropriateness of the health indicator is not available. Further
data and research on household use of other malaria prevention strategies are needed in order to
ascertain which of these scenarios holds.
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Table 1: Children 7-17 not deprived, by welfare indicator (%)

Water Sanitation Shelter Health Information Education

2007 2010 2013 2007 2010 2013 2007 2010 2013 2007 2010 2013 2007 2010 2013 2007 2010 2013
National 429 497 499 907 879 884 196 228 196 8.1 206 409 521 584 642 824 876 932
Rural 21.1 305 325 868 820 831 34 4.2 3.2 5.3 178 40.7 36.6 416 476 77.0 829 903
Urban 770 785 746 969 96.7 958 450 506 428 125 249 412 765 837 877 910 947 0972

Bandundu 243 194 311 878 86.1 853 131 4.2 6.4 5.8 26.2 59.7 390 394 484 779 904 941
Bas-Congo 428 402 582 819 767 798 256 300 323 209 129 433 692 775 800 848 908 958

Equateur 149 168 26.1 934 856 89.1 59 5.4 3.1 11.3 270 551 323 314 448 776 832 919
K. . 266 16.8 315 76.7 627 749 71 3.8 9.6 2.6 5.7 209 477 385 533 789 829 923
Occidental

K. Oriental 46.6 469 413 93.1 848 80.1 150 16.6 152 23 3.2 295 584 559 644 862 908 959
Katanga 551 60.3 538 86.1 847 854 240 155 253 123 126 489 514 56.7 700 817 80.7 933

Kinshasa 912 868 932 988 981 981 712 796 723 155 314 371 936 951 985 96.6 965 96.7
Maniema 269 328 518 925 90.7 89.6 5.7 4.5 53 6.9 40.7 279 564 56.1 646 846 91.1 93.6

N. Kivu 717 588 812 931 941 973 135 163 247 15 158 307 549 608 702 763 845 888
Orientale 344 583 413 956 970 942 56 82 112 50 340 284 377 529 644 794 887 920
S. Kivu 639 548 655 950 889 955 265 235 192 83 177 393 585 600 721 838 846 90.9

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).



Table 2: Temporal net FOD comparisons (bootstrap probabilities)

Children 7-17

2010 2013 2013
FOD FOD FOD
2007 2007 2010

National 0.01 0.01
Rural 0.01 0.02 0.06
Urban 0.06 0.01

Bandundu 0.08 0.08 0.20
Bas-Congo 0.19 0.18
Equateur 0.01 0.01
K. Occidental 0.14 0.69
K. Oriental 0.05
Katanga 0.01 0.14 0.13
Kinshasa 0.01 0.03

Maniema 0.01 0.10

N. Kivu 0.04 058 0.45
Orientale 0.33 0.06

S. Kivu 0.15

Note: Figures in bold indicate domination in FOD comparisons using the static sample.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc.
(2008); National Institute of Statistics and UNICEF (2011); Ministry of Planning et al. (2014)).
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Table 3: Temporal net FOD comparisons individually excluding each indicator

No water No sanitation No shelter No health No information No education

2010 2013 2013 | 2010 2013 2013 | 2010 2013 2013 | 2010 2013 2013 | 2010 2013 2013 | 2010 2013 2013

FOD FOD FOD |FOD FOD FOD |[FOD FOD — FOD (FOD FOD FOD |FOD FOD FOD (FOD FOD FOD

2007 2007 2010 [ 2007 2007 2010 | 2007 2007 2010 | 2007 2007 2010 | 2007 2007 2010 | 2007 2007 2010
National 001 004 002 (082 039 003 |0.01 0.07 039 |001 002 001 (001 002 001 |001 0.02 0.01
Rural 001 003 0.17 |064 036 015 |[0.01 0.08 056 |[0.01 002 012 (001 0.02 013 |0.02 0.02 0.13
Urban 0.31 0.04 0.56 0.06 0.05 0.02 0.02 0.01 0.07 0.01 0.10 0.02
Bandundu 0.03 009 0.24 |0.08 024 066 |[0.06 0.20 037 | 003 009 021 [003 009 024 |[003 009 0.22
Bas-Congo 001 034 022 [0.01 064 0.39 0.29 023 (004 023 019 [002 027 033 0.23 0.28
Equateur 0.02 001 |006 010 0.01 |[0.01 0.15 0.63 |[0.01 0.02 o0.01 0.02 0.01 0.02 0.01
K. Occidental 0.20 0.81 039 0.79 0.21 094 |-0.09 017 0.71 019 0.71 0.17 0.74
K. Oriental 0.01 009 | 002 o015 o011 0.01 0.08 0.01 0.02 001 003 |00l o001 0.2
Katanga 6'03 0.28 044 |001 032 0.19 0.13 0.12 |-0.00 012 042 |(-0.06 0.13 0.13 0.13 0.12
Kinshasa 0.02 0.07 0.03 0.08 0.02 0.14 0.02 0.05 0.02 0.10 0.03 0.15
Maniema 0.03 0.16 0.13 0.28 0.13 0.26 0.04 010 0.08 [0.06 0.10 0.05 0.10
N. Kivu 036 080 046 |006 068 051 [0.06 0.71 076 |005 063 068 (005 063 051 |005 062 0.53
Orientale 023 009 003 [059 062 002 |031 0.10 0.01 | 020 0.07 0.01 |0.28 0.07 031 011 o0.01
S. Kivu 0.07 0.21 [0.05 0.05 0.10 0.10 0.67 |-0.13 0.01 0.12 0.01 011 0.01 011

Note: Figures in bold indicate domination in FOD comparisons using the static sample.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).
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Table 4: 2007 Bootstrap spatial FOD comparisons (probabilities)

Areas/provinces e x o Q 9 o 9 5 o @ = > = > Q

4 4 - e} s} ] ~ ~ % N4 = z o n <
National (NAT) 1 0.30 0.61 0.15
Rural (RUR) 0.00
Urban (URB) 1 1 098 0.01 063 1 0.85 0.49 0.97 0.72 049 0.42 | 0.66
Bandundu (BDD) 0.18 0.03 0.01 0.02
Bas-Congo (BCO) 0.10 0.04 0.67 0.01 0.06
Equateur (ETR) 0.00
K. Occidental (KOC) 0.00
K. Oriental (KOT) 0.04 0.19 0.02
Katanga (KTG) 0.11 0.08 0.27 0.01 0.04
Kinshasa (KSS) 1 1 051 1 0.12 084 1 1 0.82 1 0.98 091 0.83|0.85
Maniema (MNM) 0.20 0.08 0.05 0.03
N. Kivu (NKV) 0.01 0.03 0.06 0.01
Orientale (ORT) 0.09 0.03 0.01 0.01
S. Kivu (SKV) 0.26 0.92 0.47 0.20 0.81 0.02 0.05 0.08 0.14 0.12 0.24
Average 0.17 035 0.04 023 0.01 013 0.36 0.14 0.11 0.00 0.16 0.14 0.12 0.10] 0.15

Note: Figures in bold indicate domination in FOD comparisons using the static sample. A ‘1’ in the bootstrap FOD comparisons indicates that the row (column) province

dominates (is dominated by) the column provinces 100 per cent of the time. An empty cell indicates that the FOD comparison of the row and column provinces is always
indeterminate

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).
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Table 5: 2010 Bootstrap spatial FOD comparisons (probabilities)

Areas/provinces NAT RUR URB BDD BCO ETR KOC KOT KTG KSS MNM NKV ORT SKV | Average
National (NAT) 1 0.99 0.01 o0.03 0.02 | 0.16
Rural (RUR) 0.18 0.01
Urban (URB) 1 1 042 066 041 1 1 0.99 0.93 0.99 | 0.65
Bandundu (BDD) 0.02 0.21 0.02
Bas-Congo (BCO) 0.01 0.99 0.08
Equateur (ETR) 0.01 0.00
K. Occidental (KOC) 0.00
K. Oriental (KOT) 0.00
Katanga (KTG) 0.01 0.30 0.02
Kinshasa (KSS) 1 1 071 083 1 088 1 1 1 0.05 098 0.32 1.00 | 0.83
Maniema (MNM) 0.31 0.09 0.10 0.47 0.07
N. Kivu (NKV) 0.26 0.01 0.77 0.03 0.06 | 0.09
Orientale (ORT) 0.90 0.17 0.71 0.84 0.01 | 0.20
S. Kivu (SKV) 0.28 0.71 0.14 0.09
Average 0.15 0.37 005 0.12 0.13 0.16 057 015 0.17 0.00 0.00 0.15 0.02 0.16 | 0.16

Note: Figures in bold indicate domination in FOD comparisons using the static sample. A 1’ in the bootstrap FOD comparisons indicates that the row (column) province
dominates (is dominated by) the column provinces 100 per cent of the time. An empty cell indicates that the FOD comparison of the row and column provinces is always
indeterminate.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).
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Table 6: 2013 Bootstrap spatial FOD comparisons (probabilities)

Areas/provinces NAT RUR URB BDD BCO ETR KOC KOT KTG KSS MNM NKV ORT SKV | Average
National (NAT) 0.66 0.78 0.11
Rural (RUR) 0.00
Urban (URB) 0.66 0.66 0.13 1 0.99 0.01 0.95 0.86 0.03]0.41
Bandundu (BDD) 0.04 0.04 0.01
Bas-Congo (BCO) 0.09 0.78 0.06 0.03 0.07
Equateur (ETR) 0.00
K. Occidental (KOC) 0.00
K. Oriental (KOT) 0.57 0.04
Katanga (KTG) 0.12 0.54 0.01 0.05
Kinshasa (KSS) 0.19 0.22 0.01 0.11 1 0.82 0.02 090 049 094 0.27 | 0.38
Maniema (MNM) 0.11 0.01
N. Kivu (NKV) 0.02 0.04 0.01 0.02 0.01
Orientale (ORT) 0.21 0.02
S. Kivu (SKV) 0.03 0.28 0.25 0.01 0.06 0.01 o0.10 0.06
Average 0.07 0.16 000 0.00 0.02 0.00 041 014 0.00 0.00 0.15 0.04 0.15 0.02|0.08

Note: Figures in bold indicate domination in FOD comparisons using the static sample. A ‘1’ in the bootstrap FOD comparisons indicates that the row (column) province
dominates (is dominated by) the column provinces 100 per cent of the time. An empty cell indicates that the FOD comparison of the row and column provinces is always
indeterminate.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).
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Table 7: 2013 Bootstrap spatial FOD comparisons excluding health (probabilities)

Areas/provinces NAT RUR URB BDD BCO ETR KOC KOT KTG KSS MNM NKV ORT SKV | AVG
National (NAT) 1 0.08 0.06 0.70 0.02 0.14
Rural (RUR) 0.00
Urban (URB) 1 1 1 087 099 1 096 1 0.96 0.01 085 0.04]0.74
Bandundu (BDD) 0.09 0.01 0.04 0.01
Bas-Congo (BCO) 0.01 0.37 0.18 0.03 0.76 0.09 0.09 0.02 0.12
Equateur (ETR) 0.00
K. Occidental (KOC) 0.01 0.00
K. Oriental (KOT) 0.06 0.04 0.59 0.05
Katanga (KTG) 0.21 0.04 0.50 0.06
Kinshasa (KSS) 1 1 0.18 099 089 099 1 073 1 0.98 0.72 099 0.76 | 0.86
Maniema (MNM) 0.49 0.04 0.16 0.15 0.06
N. Kivu (NKV) 0.23 0.05 0.05 0.02 0.04 0.01 | 0.03
Orientale (ORT) 0.81 0.05 0.23 0.29 0.11
S. Kivu (SKV) 0.07 0.53 0.08 0.33 0.23 0.05 0.07 0.12 0.11
Average 0.16 045 001 0.19 0.14 022 041 0.14 0.17 0.00 0.16 0.06 0.15 0.06 | 0.16

Note: Figures in bold indicate domination in FOD comparisons using the static sample. A “1” in the bootstrap FOD comparisons indicates that the row (column) province dominates
(is dominated by) the column provinces 100 per cent of the time. An empty cell indicates that the FOD comparison of the row and column provinces is always indeterminate.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc. (2008); National Institute of Statistics and UNICEF (2011);
Ministry of Planning et al. (2014)).
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Table 8: Area rankings by probability of net domination

2007 2010 2013 2007-2013
Net Net Net Rank

Area Dom. | Area Dom. | Area Dom. change

Kinshasa (KSS) 085 |KSS 083 |URB 041 -1

Urban (URB) 062 |URB 059 |KSS 038 1

Sud Kivu (SKV) 0.14 | ORT 0.18 |BCO 0.06 -1

Bas-Congo (BCO) 0.05 | MNM 0.07 | KTG 0.05 -2

National (NAT) -0.03 | NAT 0.00 | NAT 0.04

Katanga (KTG) -0.07 | BCO -0.05 | SKV  0.03

Orientale (ORT) -0.11 | NKV -0.06 | BDD 0.01 -5

Kasai Oriental (KOT) -0.13 | SKv  -0.07 | ETR 0.00 -1

Equateur (ETR) -0.13 | BDD -0.10 | NKV  -0.03 -2

Maniema (MNM) -0.13 | KTG -0.14 | KOT -0.10 2

Nord Kivu (NKV) -0.13 | KOT -0.15 | ORT -0.13 4

Bandundu (BDD) -0.22 | ETR -0.16 | MNM  -0.14 2

Rural (RUR) -0.35 | RUR -0.35 | RUR -0.16 O

Kasai Occidental (koc) -0.36 | KOC -0.57 | KOC -0.41 0

Note: Rankings within shaded groups are highly sensitive to small perturbations and should be interpreted with
caution.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc.
(2008); National Institute of Statistics and UNICEF (2011); Ministry of Planning et al. (2014)).
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Table 9: Area rankings by probability of net domination, (no health)

2007-

2007 2010 2013 2013

Net Net Net Rank
Area Dom. | Area_ Dom. | Area  Dom. change
Kinshasa (KSS) 0.95 | KSs 0.96 | KSS 086 O
Urban (URB) 0.74 | URB 0.80 | URB 073 O
Sud Kivu (SKV) 0.23 [ ORT 0.11 | SKV 005 O
Kasai Oriental (KOT) 0.07 | NAT 0.04 | BCO -0.02 -4
National (NAT) -0.03 | NKV 0.04 | NAT -0.02 0
Nord Kivu (NKV) -0.05 | KOT 0.00 | NKV -0.03 O
Orientale (ORT) -0.06 | SKV -0.01 | ORT -0.05 0
Bas-Congo (BCO) -0.09 | BCO -0.05 | KOT -0.08 4
Maniema (MNM) -0.11 | MNM  -0.07 | MNM  -0.09 O
Katanga (KTG) -0.13 | KTG -0.15 | KTG -0.11 O
Equateur (ETR) -0.26 | BDD -0.17 | BDD -0.18 -1
Bandundu (BDD) -0.29 | ETR -0.37 | ETR -022 1
Kasai Occidental (kOC) -0.43 [ RUR  -0.48 | KOT = -0.41
Rural (RUR) -0.52 | KOC -0.65 | RUR -0.45

Note: Rankings within shaded groups are highly sensitive to small perturbations and should be interpreted with
caution.

Source: Authors’ calculations based on DHS and MICS data (Ministry of Planning and Macro International Inc.
(2008); National Institute of Statistics and UNICEF (2011); Ministry of Planning et al. (2014)).
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