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Abstract

Contraceptive method supply shares reflect the contributions of the public and private

sectors to the distribution of a given method each year. Quantifying these public/private-

sector supply shares of contraceptive methods within countries is vital for effective and

sustainable family planning delivery. They are useful to Family Planning officials as they

show where contraceptive users have obtained their most recent supplies. Unfortunately

due to the cost, many low- and middle-income countries (LMIC) are not in a position to

carry out the national-scale surveys necessary to collect this data regularly. Therefore,

they evaluate the contraceptive supply market using out-of-date data. Using out-of-date

supply share estimates for family planning monitoring has significant knock-on effects.

They may lead to inaccurate conclusions on the stability of the contraceptive supply

market. In addition, the estimation of other family planning indicators that depend on

method supply shares will also be inaccurate and distorted. To date, neither Bayesian nor

frequentist methods have been used to estimate this important family planning indicator.

In this thesis, a methodology using Bayesian hierarchical penalised spline models for

estimating modern contraceptive method supply shares, at national and subnational ad-

ministration levels, for LMICs participating in the global Family Planning 2030 (FP2030)

initiative is proposed. A series of Bayesian models that evaluate method supply shares

using both large multi-country data sets and computationally efficient single-country data

sets are described. Lastly, the impact of using national-level annual contraceptive method

supply shares with uncertainty in the calculation of another key family planning indicator,

estimated modern use (EMU), is evaluated.

To begin, an approach for estimating the proportion of modern contraceptive meth-

ods supplied by the public and private sectors at the national administration level us-

ing a multi-country dataset is described and evaluated. The proposed approach utilises

Bayesian hierarchical modelling techniques, taking advantage of the geographic nature

of the data, in combination with penalised splines, capturing the complex shape of the

data over time, to produce annual estimates with uncertainty for these supply-share pro-

portions. Global-level correlations between rates of change in method supply shares are
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estimated and incorporated into the modelling approach to promote more precise estima-

tion, even in the absence of data. This modelling approach is compared and validated

against simpler modelling alternatives.

Next, the mcmsupply R package is presented. This R package combines 4 variations

of the multi-country national model. The national modelling approach is extended in two

directions. Firstly, the model is extended to estimate method supply shares at the sub-

national administration level using a multi-country subnational dataset. The motivation

for this model extension is an ever-growing interest in subnational family planning indi-

cators due to the decentalisation of family planning services in countries participating in

FP2030. Utilising the knowledge gained from modelling the national-level estimates, hi-

erarchical modelling structures of the multi-country national model are incorporated into

the multi-country subnational model. Secondly, the model is extended again to estimate

the method supply shares (at either national or subnational administration levels) using

only the data for a single country. Similarly, informative priors informed by the multi-

country model parameter estimates are used to in the single-country modelling approach.

This reduces the uncertainty of survey estimates, making the estimates more precise and

reliable. The single-country modelling approach is computationally efficient, without a

loss of model accuracy.

Lastly, an alternative application of annual method supply share estimates in the cal-

culation of another family planning indicator, estimated modern use (EMU) derived from

family planning service statistics is demonstrated. Presently, EMUs are a stand-alone

estimate without any associated uncertainty. This chapter considers the calculation pro-

cess for EMUs. An updated methodology is proposed that calculates EMUs using annual

method supply shares with uncertainty, rather than the existing approach that uses the

method supply shares observed in the most recent DHS survey for a given country. The

impact of this potential update is considered and compared against the existing approach.

The benefits and strengths of the proposed update is illustrated using case studies in

Country A and Country B.
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Glossary

Family Planning 2030 . . . . . . . . . . . . . . . A global movement dedicated to advancing the

rights of people everywhere to access reproductive health services safely and on their

own terms

Service statistics . . . . . . . . . . . . . . . . . . . . . Family planning data that is collected as part

of routine family planning (FP) service delivery. Service statistics are collected

by the public and private sectors. Service statistics have varying levels of detail.

This may include basic information like the number of family planning commodi-

ties distributed to facilities each year to more detailed information on individual

characteristics of FP users [10]. Service statistics typically collect four types of FP

data: contraceptive commodities distributed to FP clients, contraceptive commodi-

ties distributed to FP facilities, visits to FP facilities, and FP users.

Track20 Project . . . . . . . . . . . . . . . . . . . . . . Monitors progress towards achieving the goals

of the global FP2030 initiative

Demographic and Health Survey . . . “Nationally representative household surveys

that provide data for a wide range of monitoring and impact evaluation indicators

in the areas of population, health, and nutrition” [87].

mCPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Modern contraceptive prevalence rate. Cap-

tures the proportion of women aged 15-49 who are currently using any form of

modern contraception. mCPR is calculated using large-scale national surveys.

EMU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Estimates of modern contraceptive use. Cap-

tures the proportion of women aged 15-49 who are currently using any form of

modern contraception. EMUs are calculated using service statistics.

SS-to-EMU . . . . . . . . . . . . . . . . . . . . . . . . . . . The methodology for converting service statis-

tics into estimates of modern use. Created by the Track20 project [80].

LAPM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Long-acting (intrauterine devices (IUDs) and

implants), and permanent methods, (female and male sterilization), of modern con-

traception [20].
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STM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Short-term methods of contraception (oral con-

traceptive (OC) pill, injectables, condoms, other modern methods, and emergency

contraception).

Historic users . . . . . . . . . . . . . . . . . . . . . . . . The number of long-acting and permanent con-

traception users in existence before service statistic data collection began.

Method continuation rates . . . . . . . . . . The cumulative probability that a user of a

given contraceptive method will still be using the method after one unit of time

(e.g.: annually) [19].

Method mix . . . . . . . . . . . . . . . . . . . . . . . . . . The percentage breakdown by method of the

distribution of contraception users for each country [21].

Historic user scaling factor . . . . . . . . . This factor calibrates the number of historic

users estimated to account for the introduction history of an LAPM into the method

mix of a given country. If a country has newly introduced an LAPM, then there

will be no historic users and the scaling factor will address this issue accordingly.

Couple-years protection factor . . . . . The average number of years protection pro-

vided to a couple by a given contraceptive method.

Family planning commodity . . . . . . . . This is the mode of family planning a user re-

ceives from either the public or private sector supplier.

Method-supply shares . . . . . . . . . . . . . . . The proportion of each modern contraceptive

method in a country supplied by the public and private sectors

Contraceptive method supply shares The proportion of modern contraceptives sup-

plied by the public, private commercial medical and private other sectors over time.

Multi-country national model . . . . . . This model estimates the contraceptive method

supply shares at the national administration level over time for many countries si-

multaneously.

Single-country national model . . . . . . This model estimates the contraceptive method

supply shares at the national administration level over time for a single country.

Multi-country subnational model . . This model estimates the contraceptive method

supply shares at the subnational administration level over time for many countries

simultaneously.

Single-country subnational model . . This model estimates the contraceptive method

supply shares at the subnational administration level over time for a single country.
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1
Introduction

1.1 Motivation

In 2012, at the London Summit of Family planning (FP2020), a commitment was made by

policy-makers, government officials and the private sector to add 120 million new users of

modern contraception from the world’s poorest countries by the year 2020. The vision of

the summit was to give women of reproductive age (WRA) the freedom to choose exactly

when, and how many, children to have in their lifetime [24]. As we move beyond 2020, the

goals of this London Summit have not been left behind. In fact, they have been extended

to the year 2030. Today, FP2030 is a global initiative, built on the success of FP2020,

that aims to advance the rights of women and children worldwide to access reproductive

health services safely and on their own terms [26].

For many years, the family planning community relied on large-scale national surveys

such as Demographic and Health Surveys (DHS) and the Multiple Indicator Cluster Sur-

vey (MICS) [14] [40] [2] [1] [36] to gain insight into key family planning indicators (FP

indicators). Using these national surveys, they could track the variation in FP indicators

such as the modern contraceptive prevalence rate (mCPR) and unmet need for contra-

ception over time [6]. The ”gold standard” of family planning survey data comes from

the DHS, which have a census-like methodology and data collection approach. They use

a two-stage sampling design, using census information as the sampling frame. Firstly, the

country of interest is stratified such that the strata are as homogenous as possible. This

homogeneity minimizes the resulting sampling errors of the survey. Within each stratum,

the census enumeration areas (EAs) form clusters. The households of each cluster are

listed, and a fixed number of households within the selected cluster are chosen by system-

atic sampling. The sample selection process uses weights to address any differences in the

probability of selection. This corrects any over- or under-sampling of different clusters

during sample selection. The DHS standard model questionnaires are then utilised to col-
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lect data from the selected households [18]. Unfortunately, DHS are extremely expensive

to collect, and in low- and middle-income countries regular data collection is not possible.

They are typically collected every 5 to 6 years in most countries, with some countries

collecting a single DHS over a 30 year period [74].

In addition to monitoring mCPR and assessing unmet need, another noteworthy FP

indicator is the origin of contraceptive commodities accessed by FP users. This pertains

to whether these commodities are procured from public or private sectors [62]. Within

the DHS, valuable data exists concerning this indicator. It manifests as the estimated

proportion of women sourcing their contraception methods either from public or private

sector outlets. Nonetheless, given the potential time gaps between DHS surveys, there

arises a necessity for the capability to generate estimates and projections regarding the

distribution of contraceptive supplies between these survey instances. This particular

indicator holds significance across diverse contexts, encompassing the evaluation of FP

program efficacy. However, within the scope of this thesis, our attention is directed to-

wards leveraging this indicator to estimate modern contraceptive use among women of

reproductive age using family planning (FP) services statistics.

Since 2012, the FP2020 (now FP2030) initiative has utilised data to drive decision

making processes and monitor the progression of family planning goals [29]. To better

manage the analysis and monitoring of data collected for the FP2020 initiative, FP2020

created the Track20 project (Track20). Track20 are a team exclusively devoted to working

with, and monitoring the progress of, the participating countries of the FP2020 initia-

tive [77]. A focus for Track20 has been the shifting of countries away from over-reliance

on large-scale national surveys, such as the DHS, and towards using all available data

sources. As such, Track20 developed a set of FP indicators that evolved from already-

established data systems and data sources in the participating countries. One such data

source are FP service statistics. FP service statistics are collected in all FP2030 countries

and provide varying levels of detail. This may include basic information like the number

of family planning commodities distributed to facilities in a given year to more detailed

information on individual characteristics of FP users [10]. FP Service statistics are typ-

ically comprised of four types of FP data: Contraceptive commodities distributed to FP

clients, contraceptive commodities distributed to FP facilities, visits to FP facilities, and

FP users. Service statistics are an established but imperfect data source for producing

annual estimates of FP indicators, such as modern contraceptive use, at the national and

subnational administration levels [77].

Service statistics have many benefits, which make them attractive for FP programs

to utilise. These benefits include being inexpensive to collect, regularly collected, and
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providing high geographic detail. However, as service statistics are not officially collected

for the purposes of estimating FP indicators such as contraceptive use, they do not have

the same rigorous collection methodologies as DHS surveys. Therefore, service statistics

tend not to be standardised across countries. They are error-prone with issues with level-

bias, and tend not to capture the contributions of the private sector contraceptive supply.

For these reasons, Magnani et al. (2018), recommend that while service statistics are a

valuable data source, they should not be used to produce stand-alone estimates of FP

indicators.

However, service statistics can still be used to fill in the gaps between national-survey

observations of FP indicators to inform a countries true progress towards its family plan-

ning commitments [10]. Estimated modern use (EMU) is an FP indicator derived from

service statistics that aims to measure the modern contraceptive prevalence rate i.e., the

proportion of women, aged 15-49, who are currently using at least one form of modern

contraception [75]. As EMUs are derived from service statistics, their purpose is not to

be used as a stand-alone mCPR estimate, but rather to act as a supplemental data source

to inform estimates and projections of mCPR that are based on more reliable survey data

sources [10]. Utilising EMUs together with national surveys to inform country-specific

estimates and projections of mCPR and other family planning indicators over time has

been made possible by the continued development of the family planning estimation model

(FPEM) [2] [11] [33].

To aid FP2030 participating countries in their service statistics data analysis and to

calculate EMUs that can be incorporated into FPEM, Track20 developed an innovative

tool called the SS-to-EMU tool. It outlines a set of procedures for outputting EMUs

from service statistics inputs [80]. The incorporation of EMUs into FPEM for use as a

supplemental data source for estimating and projecting modern contraceptive prevalence

has given service statistics a renewed purpose. It has also sparked the need to better

quantify the uncertainty associated with EMUs, so that they may be incorporated into

FPEM to estimate and project mCPR more effectively. The question of EMU uncertainty

quantification has motivated many aspects of this thesis. We are interested in examining

how the uncertainty associated with EMU point estimates can be captured using Bayesian

modelling techniques, and what impact this uncertainty may have on EMU estimates. To

quantify the uncertainty associated with EMUs, we must first understand the complex

calculation process that is used to derive them from service statistics. The easiest way

to do this is to utilise the methodology captured in the SS-to-EMU tool. Further details

of the tool and a complete description of the mathematics behind the approach are de-

scribed later. With the help of Track20, we critically assess the SS-to-EMU tool approach

and investigate where it is possible to quantify and incorporate uncertainty into these
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calculations.

1.2 The SS-to-EMU process

There are four major steps within the SS-to-EMU tool when calculating EMUs from

service statistics data (Figure 1.1). Below is a summary of each of the four steps. For

further details on the derivation of EMUs from service statistics, please see Chapter 7.

(1) Set up the SS-to-EMU tool

This is the first step of the SS-to-EMU tool. It involves providing preliminary infor-

mation about the service statistics data. The user lists the country of origin for the

service statistics data, the administrative level the data was collected at (national or

subnational), and the population of women the data reflects (all women or married

women only). This information is key when integrating EMUs into FPEM. Clas-

sifying the administrative level of the service statistics data allows us to integrate

subnational EMUs into FPEM, informing subnational family planning indicators.

Not all countries collect data on modern contraceptive use among unmarried women.

Therefore, knowing whether the service statistics data reflects the practices of all

women or married women informs whether or not there is a population of women

missing from the final EMU estimates.

Demographic information is also pre-loaded into the SS-to-EMU tool which the

user reviews. This data includes population estimates for the number of women of

reproductive age (married or all women, depending on the service statistics data

collection approach) in the country. These population estimates are sourced from

the most recent United Nations population division World Population Prospects and

form the denominator of the final EMU [84]. Therefore, they must reflect the women

recorded in the data, i.e., correctly using all women population estimates when the

service statistic data reflects both married and unmarried women but using married

women population estimates when only married women are collected in the data.

Estimates of mCPR from large-scale national surveys including the DHS, MICS,

and Performance Monitoring for Action (PMA), are also pre-loaded into the tool.

These survey estimates are used to compare annual estimates and average annual

growth rates of EMUs and mCPR over time. Lastly, the user provides information

about the service statistics data itself. For each type of service statistics collected,

the first and most recent years of data collection are listed. This range will make

up the years over which the EMUs will be calculated. The source of the service

statistics data and the sectors reporting into the data source (public only, public
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and some private or public and private) are inputted by the user. Establishing the

contributions of the private sector into the data is important for the subsequent

private sector adjustment step.

(2) Calculate the number of modern contraceptive users

To capture the true number of modern contraceptive users in a given year, it is

important to account for three groups of women;

(i) Short-term method (STM) users: Women who received their short-term

method (injectables, OC pills, condoms, other modern methods and emergency

contraception) during the service statistics collection period and are recorded in the

data.

(ii) Recorded long-acting and permanent methods (LAPM) users: Women

who received their LAPM (female sterilisation, IUDS and implants) during the

service statistics collection period and are recorded in the data.

(iii) Historic long-acting and permanent methods (LAPM) users: Women

who received their LAPM before service statistic data collection began and are still

currently this method in a given year, but are not recorded in the data.

Calculating the total number of modern contraceptive users in a given year requires

adding the historic LAPM, recorded LAPM and STM users together to form one

total. An estimate for the number of historic users is based on the first year of

data observed in the service statistics and back-projected to give estimates for the

fifteen years leading up to the first year of data. Adjustments may be made to

this historic user calculation that reflects whether the use of a given contraceptive

method is newly introduced that year, scaling up from previous years, or is well-

established within a country. Short-term methods are also adjusted to reflect their

number of users, rather than the number of commodities distributed. For example,

the quantities inputted for OC pill service statistics data are divided by 15, as the

typical woman uses 15 pill packets a year. The estimated total number of modern

contraceptive users often excludes the contributions of condom users. It is difficult

to accurately quantify the true impact of condoms as a method of family planning

and they are often over-represented in the data [53]. Therefore, excluding condoms

from the final estimates tends to improve the accuracy of the final EMU. To note,

this total may not include the users who access their contraceptives through the

private sector. Therefore, in the next step this total is scaled up to reflect the total

contraceptive market.

(3) Calculate the private sector adjustment

It is common that when service statistics are collected, they do not capture the

contributions of the private sector to family planning in part or at all. To correct
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for this issue, the SS-to-EMU tool uses a private sector adjustment step. The

private sector adjustment scales up the service statistics data so that it reflects

both the captured public sector and the missing private sector contributions. To

establish the extent the private sector is captured within the service statistics data,

the private sector adjustment step uses the classification of sector’s reporting into

data from the initial set-up step. This sectors reporting classification controls the

magnitude of the adjustment made to the service statistics data. If the private

sector is completely absent, the adjustment factor will be at its maximum and if

the private sector is completely captured, no adjustment is made to the data. The

private sector adjustment step combines reporting rates (user-supplied information

capturing the coverage of the data relative to the location it concerns) and the

proportion of modern contraceptives (by method) supplied by the public and private

sectors. This forms one proportion that reflects the missing private sectors share of

each modern contraceptive method. It is the inverse of this proportion that scales

up the service statistics data to reflect the complete contraceptive market.

(4) Calculate the EMU.

EMUs are calculated using the potentially scaled-up estimated number of modern

contraceptive users over the population estimates for the number of women of re-

productive age from the initial set-up step. This quantity represents the estimated

proportion of women of reproductive age who are using any method of modern

contraception in a given year.

Set up
• Country information: Country name, national or subnational data,  all or only married women data etc.
• Demographic information: Estimates of population size over time, mCPR observations (all women and married women) 

from DHS, MICS and PMA surveys
• Service statistics information: Types of service statistics data available, name of data source, first and last year of data 

collection, listing sectors reporting into the data

Number of estimated modern users

• # Users before private sector contribution (PSC)  = 
# historic users of LAPM contraception + # recorded users of LAPM contraception + # recorded users of STM contraception

Inverse private sector adjustment factor

• Private sector adjustment factor = 
∑!	∈	!$%&'(!modern	contraceptive	method	supply	shares)	𝑥	reporting rates)	

• Inverse private adjustment factor = *
+(,-.&$ !$%&'( ./01!&2$3& 4.%&'(

• # Estimated modern users = # users before PSC x *
+(,-.&$ !$%&'( ./01!&2$3& 4.%&'(

Estimated Modern Use (EMU)

• Estimated modern use = #	#$%&'(%#)	'*)#+,	-$#+$
#	.*'#,	+#/+*)-0%&1#	(2#

Figure 1.1: The SS-to-EMU tool workflow when calculating an EMU from service statistic

data.
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Reflecting on this SS-to-EMU process, it became clear that the private adjustment

factor step was the best place to begin to incorporate uncertainty into the EMUs, as it

has a direct impact on the final EMU estimates and the data is readily available from

the DHS (Figure 1.1). In addition, while the service statistics data were temporal in

nature, the private adjustment factor was fixed over time. The current SS-to-EMU tool

approach utilises the most recent DHS survey in a given country to access the contracep-

tive method supply shares. This is because annual estimates for the proportion of modern

contraceptives supplied by the public and private sectors are not available. However as

mentioned above, DHS surveys are collected on average every 5 to 6 years in low- and

middle-income countries, with some countries having even larger gaps between surveys

[74]. Therefore, in some instances the service statistics data and the DHS surveys have

significantly different ages, resulting in private adjustment factors that may not reflect

the current state of the contraceptive method supply market. This mismatch of tempo-

ral data and static adjustments can be remedied using Bayesian time-series modelling,

thereby providing the inspiration and motivation for this thesis. Therefore, the focus of

this thesis will now be on the statistical model development for estimating and projecting

public and private sector contributions to the contraceptive method supply share market

over time with uncertainty, at the national and subnational administration levels, for low-

and middle-income countries using Demographic and Health Survey data.

1.3 Relevant statistical techniques

We will now describe some of the statistical techniques involved in modelling the proba-

bilistic projections and estimates of the modern contraceptive method supply share mar-

ket over time. Below is a description of each method. These methods include B-splines,

hierarchical modelling, correlation estimation and Bayesian modularization.

1.3.1 B-splines

A spline is a q-order continuous piecewise function that is constructed from sections of

smaller polynomials of order (q-1). The points along the x-axis where these piecewise

polynomials join together are called ”knots”. A B-spline, or basis spline, is a set of basis

functions that may be added together to give any function in the function space. B-

splines are particularly useful when the function space is hard to define. The B-spline

may combine many basis functions to manage this issue [95]. In this thesis, the splines

used are 3rd order polynomials. A feature of 3rd order polynomials is that at each of the

knot points, the first and second derivatives of the piecewise functions must agree with

each other. This ensures that the B-spline is continuous over the x-axis. The columns of a

design matrix B contain the basis functions. B is of size n x k, where n is the number of
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observations and k is the number of basis functions (impacted by by the number of knots).

The more knots you have in a spline, the closer the fit will be to the data. While too few

knots will lead to over-smoothing of the data, too many knots will lead to over-fitting of

the data and reduce a model’s predictive abilities [32][34].

1.3.2 Hierarchical modelling

Hierarchical modelling takes advantage of any groups present in the data to better esti-

mate related parameters. Usually, these related probabilistic parameters are connected

by the structure of the problem. For example, the data may contain geographical infor-

mation where countries may be related by sub-continental, then continental groups. The

aim of hierarchical modelling is to estimate a joint probability model for these param-

eters that reflects how they are connected to one-another [32]. Hierarchical modelling

is particularly useful when a dataset is sparse. It allows us to pool the data together,

and produce higher-level well-informed hyper-parameter estimates that go on to inform

lower-level parameter estimates where less data is present. In the context of this thesis,

we take advantage of the geographic nature of DHS data. We pool across subnational

regions, countries, and sub-continents to produce well-informed hyper-parameters even

in the absence of data for particular contraceptive methods at lower geographic levels

(Figure 1.2).
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Figure 1.2: The hierarchical set-up utilised to estimate the proportion of modern contra-

ceptives supplied by the public and private sectors. The data is pooled into one ’world’

level parameter that is very well informed. The data is then split recursively into increas-

ingly smaller geographic zones. The higher-order geographic levels have more data avail-

able, and as a result their parameter estimates are well-informed. These well-informed

higher geographic level parameter estimates inform the priors of the lower geographic

levels. When estimating national-level proportions, we do not include the provincial sub-

national level.

1.3.3 Correlation estimation

Correlation is defined as a measure of the linear association between two quantitative

variables and is measured on a scale of -1 to 1 [73]. Complete correlation between two

variables is recorded at -1 or 1 and no correlation is recorded at 0. Pearson’s correlation

coefficient is a common measure of correlation. It is the ratio of the covariance between

two variables and the product of their standard deviations [69]. However, using Pearson’s

correlation estimator for estimating large numbers of pairwise correlations with limited

amounts of data can lead to unrealistically strong correlation estimates. In 2018, Azose

and Raftery proposed an approach for estimating large correlation matrices for interna-

tional migration using a maximum a posteriori (MAP) estimator. Within the variable

ε, let the MAP estimator for the correlation matrix (ρ), a matrix of size CxC, between

entities i and j over time t ∈ (1, .., T ) be calculated by,

9



1.4. LITERATURE REVIEW

ρ̃i,j =

∑T
t=1 ε̃i,tε̃j,t√∑T

t=1 ε̃
2
i,t

√∑T
t=1 ε̃

2
j,t

�� ��1.1

Where, ρ̃i,j is the posterior sample of estimated correlations between entities i and j over

time.

εt is a parameter of interest estimated at time t within a Bayesian framework.

ε̃t is the estimated posterior samples of εt.

To ensure that the correlation matrix (ρ) is positive definite, we let;

ρ̂i,j = ρi,j
�� ��1.2

Where ρi,j is the posterior mean of ρ̃i,j .

In this thesis, we use this approach to estimate the correlation between the rates of

change in method supply shares across time and all countries within a given sector. This

allows us to incorporate a dependence structure between the method supply shares, rather

than assume that the supply shares of all methods in a given sector act independently of

one another. We validated this approach by comparing the out-of-sample results between

national and subnational level models with and without correlation estimates.

1.3.4 Bayesian Modularization

Bayesian modularization modifies the influence of the likelihood on the prior during pa-

rameter estimation. It is particularly useful in instances when we believe parameter

estimates may be ’contaminated’ by unreliable data [46][60]. Bayesian modularization

acts like a valve, permitting the flow of information downwards from the prior to the

likelihood, but not upwards from the likelihood to the prior. This has the effect of re-

stricting the influence of the data on model parameters. In the context of this thesis, we

use Bayesian modularization to improve parameter estimation when only using data for a

single country. This prevents spurious parameter estimates in instances where countries

may have very few surveys available.

1.4 Literature review

The models described in this thesis fall under the classification of temporal models for

multiple populations (TMMP) [71]. TMMP can be described as models that are made up

of two components, the process model and the data model. The process model captures

latent trends of the response variable, while the data model describes the process that
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generates the observed data. We utilise this approach across all of the models described

within this thesis. The Fay-Herriott model is a foundational TMMP [27]. This is an

area-level model where the input data is made up of smaller sub-divisions, such as coun-

ties, which are accounted for with distinct variation within the model. This model began

a trend of using temporal models for small area estimation (SAE) that has continued

over time and provides the basis for our proposed approaches to national and subnational

contraceptive method supply shares.

Technically, only the subnational-level models would be considered to fall under the SAE

model classification, because the national-level data is simply too big to be considered a

’small area’. Nonetheless, the national modelling approaches clearly have a large overlap

with SAE. SAE models often use area-level data, which both our national and subnational

models also use. Both SAE models and our proposed models account for the spatial de-

pendence within the data. However, they do so in different ways. In SAEs, it is common

to account for the small area effects using spatial dependence structures such as a con-

ditional auto-regressive (CAR) or an intrinsic conditional auto-regressive (ICAR) prior

[68] [43] [96]. In contrast, while our models do account for spatial dependence within

the data, we do not use spatial priors. In this approach, we use Bayesian hierarchical

modelling. Hierarchical modelling is a useful tool when dealing with data sparsity at

lower geographic levels. It takes advantage of the geographic nature of the dataset, pool-

ing observations together to create precise higher geographic level parameter estimates.

These well-informed higher level estimates then inform lower geographic level parameter

estimates where less data may be present. Bayesian hierarchical models are also used in

SAE models. In Dong and Wakefield (2021), the authors utilised a Bayesian hierarchical

space-time model to estimate routine immunization coverage of measels at the subnational

administration level. [25]. Bayesian hierarchical modelling techniques are also used by

the United Nations Population Division (UNPD) to produce world estimates of modern

contraceptive prevalence (mCPR), unmet need and demand satisfied [2] [11].

The use of splines for the estimation of demographic indicators is growing in popularity.

Previous studies used SAE models with splines to capture complex shapes of demographic

spatio-temporal data [81] [82]. In recent years, many international health organisations

have also used splines for the estimation of key demographic indicators. These include

the estimation and projection of under-5 mortality for United Nations Children’s Fund

(UNICEF) [66] and the estimation of excess morality due to Covid-19 for the World

Health Organisation (WHO) [41]. We build on these previous studies to use penalised

regression splines in our models.
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1.5 Thesis outline

This thesis investigates the estimation of modern contraceptive method supply shares

at the national and subnational administation levels for countries participating in the

global Family Planning 2030 (FP2030) initiative. It considers the application of these

estimates within the derivation of estimated modern use (EMUs) from family planning

service statistic data.

Chapter 2: Estimating the proportion of modern contraceptives supplied by

the public and private sectors using a Bayesian hierarchical penalised spline

model

We present the results of a hierarchical penalised spline model that estimates modern

contraceptive method supply shares over time for thirty countries involved in the FP2030

global initiative.

Introduction: The motivation for this model is explained and discussed. A literature

review classifying the model as a temporal model for multiple populations (TMMP) is

discussed as well as a comparison to existing TMMP models [71]. The Demographic and

Health survey data used in the analysis is explained in detail [18].

Methods: This section describes the modelling approach for estimating the proportion of

modern contraceptive methods supplied by the public and private sectors at the national

administration level. We use Demographic and Health survey data from 30 countries

across the FP2030 initiative between the years 1990 and 2020. The approach combines

Bayesian hierarchical modelling techniques with penalised splines to produce precise es-

timates with uncertainty for contraceptive method supply-share proportions over time.

Correlations capturing the relationship between rates of change in method supply shares

are incorporated into the model to promote precise informed estimates even in country-

method combinations where little or no data is present.

Results: The results of this model are presented using countries where there are varying

amounts of data available. An evaluation of the model estimates for the year 2023 is

presented.

Discussion: The findings are discussed and the important results and advantages of

using the proposed method are highlighted. The potential applications of these model

estimates in the calculation of EMUs and their value as a stand-alone family planning

indicator are explored.
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Chapter 4: mcmsupply : Estimating Public and Private Sector Contraceptive

Market Supply Shares

We describe the R package mcmsupply. This R package provides a user-friendly approach

to modelling contraceptive method supply shares at national and subnational levels.

Introduction: The motivation for estimating modern contraceptive method supply

shares is discussed. The reasons for, and explanations of, the extensions made to the

model described in Chapter 4 are provided. These extensions include estimating the

contraceptive supply share market at the subnational administration level, and adapting

the national and subnational modelling approaches to use informative priors to estimate

the contraceptive method supply shares for a single country. A summary of how these

modelling extensions all link to one another is depicted in a flow diagram. A summary

of the mcmsupply functions required for each modelling scenario are presented in a flow

diagram.

Implementation and operation: The implementation of the mcmsupply R package is

listed. The operating system of the computer the package was created on is described.

Data: The input data is described. The mcmsupply R package contains national and

subnational level contraceptive source datasets, generated by IPUMS and Demographic

and Health Survey microdata [35] [38]. The functionality for data processing within the

mcmsupply R package is presented.

Using the Bayesian hierarchical penalised spline models: The functionality used

for model fitting and visualising model outputs are presented.

Use cases: Five use cases for the mcmsupply R package are presented and discussed. A

vigentte for each use case is shown and explained in detail. The plots used to visualise the

model estimates in Case 1: Estimating contraceptive method supply shares at the national

administration level for multiple countries simultaneously and Case 4: Estimating contra-

ceptive method supply shares at the subnational administration level for a single country

are shown.

Discussion: The benefits and practical applications of the mcmsupply R package are

presented. Some limitations of the models are discussed and the future directions of the

R package are reflected on.

Conclusions: We conclude with closing remarks about the mcmsupply R package and

highlight how creating and sharing this package aligns with the the findability, accessibil-

ity, interoperability, and reusability (FAIR) principles of scientific data [93].
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Chapter 7: The inclusion of uncertainty into the estimation process for esti-

mated modern use from service statistic data

We explore the use and impact of estimated modern contraceptive method supply shares

within the derivation of estimated modern use (EMU) from service statistics.

Introduction: The motivation for using service statistics with the Family planning es-

timation model is presented. A brief explanation of service statistics, their limitations,

and the derivation of EMUs via the SS-to-EMU tool is discussed.

Terminology: A list of terms used throughout the paper is given.

Method for calculating estimated modern use (EMUs): The methodology used

within the SS-to-EMU tool to derive EMUs from service statistics is described in detail.

Comparision to existing approaches: A comparison of the existing methodology and

the proposed update is provided with plots highlighting these key differences.

Case studies: Two case studies in countries A and B evaluate the impact of the proposed

EMU calculation update, through the comparison of existing EMU estimates with EMUs

estimated under the updated methodology.

Discussion: We discuss the impact of this proposed EMU calculation method update on

EMUs in the context of the case studies.

Conclusions: We conclude with closing remarks about the proposed EMU update and

highlight the strengths of the proposed approach.
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2.2 Abstract

Quantifying the public/private-sector supply of contraceptive methods within countries

is vital for effective and sustainable family-planning delivery. However, many low- and

middle-income countries quantify contraceptive supply using out-of-date Demographic

Health Surveys. As an alternative, we propose using a Bayesian, hierarchical, penalized-

spline model, with survey input, to produce annual estimates and projections of con-

traceptive supply-share outcomes. Our approach shares information across countries,

accounts for survey observational errors and produces probabilistic projections informed

by past changes in supply shares, as well as correlations between supply-share changes

15



2.3. KEYWORDS

across different contraceptive methods. Results may be used to evaluate family-planning

program effectiveness and stability.

2.3 Keywords

Bayesian, correlation, family planning, hierarchical, splines, time-series

2.4 Introduction

The Family Planning 2020 Initiative (FP2020) set the target of engaging 120 million new

users of modern contraception in sixty-nine of the world’s poorest countries by the year

2020. This goal has now been extended to 2030 in line with the UN sustainable develop-

ment goals [9], [30]. Consequently, there is a heightened need for annual, reliable estimates

of family planning (FP) indicators for each country involved in the initiative. One such

indicator is the most recent source of contraceptive commodities accessed by FP users.

This indicator can be used to highlight where FP users obtain their contraceptives from,

as well as to evaluate FP program effectiveness and forecast future commodity procure-

ment [22]. The family planning market is most successful when clients have a variety of

methods and sources to choose from [67]. Therefore, annual estimates and projections of

the contraceptive method supply share are of particular use to countries who are trying

to engage the private sector to re-balance the roles of the public and private sectors [22],

meet the needs of all women within a country and enhance efforts to meet family planning

goals [63].

In addition to their role as a stand-alone FP indicator, estimates of the contraceptive

method supply share can be utilised with FP service statistics in a corrective step to re-

duce the bias of estimated modern contraceptive use (EMUs) rates [80]. EMUs represent

the proportion of women in a particular country using modern contraception based on FP

service statistic data [10]. Service statistics data are routinely collected in connection with

family planning service delivery. These data provide high geographic detail, are relatively

inexpensive to collect but often do not include contributions from the private sector [49].

The private sector is used by women across all socio-economic groups to access their fam-

ily planning methods9, with 37% to 39% of all family planning users obtaining modern

contraceptives through the private sector [12]. Therefore, the private sector makes up a

significant portion of the family planning market. Service statistics data that are missing

the private sector’s contribution must be scaled-up to reflect the complete contraceptive

market [80]. This adjustment to the service statistics data has spurred the need for an-

nual estimates of the proportion of modern contraceptives supplied by the public, private
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commercial medical and private other sectors. Presently, annual estimates and projec-

tions with uncertainty for these proportions are not available when they are required for

now-casting family planning indicators, such as EMUs. Demographic and Health Surveys

(DHS) provide information on the breakdown of public and private sector contributions

to the contraceptive supply chain in the form of the percentage of contraceptive methods

that are sourced from each sector. In this study, we consider 30 countries involved in the

FP2020 initiative, that have DHS data available after 2012. Notably, 54% of the countries

considered do not have survey observations of the supply share indicator beyond 2015.

In the absence of recent survey observations, we can rely on statistical model-based esti-

mates and projections to bridge the knowledge gap and provide the recent private sector

contributions to family planning service delivery with uncertainty.

Our proposed model falls into the class of temporal models for multiple populations

(TMMP)[71]. Estimating demographic and health indicators using temporal statistical

models with area-level variation is a well-established practice. The foundational 1979

Fay-Herriot model, which first considered estimates of income over time for small places,

is an area-level model where the input data is made up of smaller sub-divisions, such as

counties [27]. As such, it too would also fall under the class of TMMP. The Fay-Herriot

model began a trend of using temporal models for small area estimation (SAE). As time

and computing power has increased, so too have the complexity of the TMMP we use

today. While our model is not considered a small-area estimation model, by merit of

whole countries being too large to be considered small areas and the DHS data being

adequately powered to capture observations at the national level, the proposed approach

has some similarities to SAE models proposed in previous studies. In 2009, Ugarte et. al

combined SAE modelling approaches with penalised splines to analyse trends and fore-

cast dwelling prices in nine Spanish neighbourhoods [82]. Our proposed model also uses

penalised splines to capture the complex temporal nature of the data. While in 2013,

Marhuenda et al. took advantage of the geographic nature of Spanish EU-SILC data

within a spatio-temporal Fay-Herriot model to produce poverty indicators for Spanish

provinces [50]. Similarly, in the proposed model we take advantage of the geographic

nature of the dataset through Bayesian hierarchical modelling.

In this paper, we describe a Bayesian hierarchical penalised spline model that produces

annual, country and method-specific estimates of the proportion of modern contraceptives

coming from the public and private sectors. The utility of our model is in the ability to

produce short-term projections (with uncertainty) beyond the year of the most recent sur-

vey. The model accounts for across method correlations within public and private sector

contributions to family planning supply and relies on information sharing across methods
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and countries via a hierarchical modelling structure. The use of splines for demographic

and health indicator estimation is growing in popularity. In recent years, many inter-

national health organisations use splines for the estimation of key demographic, health,

and family planning indicators. These include the estimation and projection of under-5

mortality for United Nations Children’s Fund (UNICEF)[66] and the estimation of excess

morality due to Covid-19 for the World Health Organisation (WHO) [41] . We describe

our model using two components – a process model and a data model. In the process

model, we seek to model the unobserved latent trends over time using a hierarchical

systematic element and stochastic temporal smoothing splines. In the data model, we

account for the standard errors of the DHS observations.

2.5 Data

Definitions and Data Sources

According to Hubacher and Trussell, a modern contraceptive method is defined as ”a

product or medical procedure that interferes with reproduction from acts of sexual in-

tercourse” [37]. Modern methods of contraception considered in this study are female

sterilisation, oral contraceptive pills (OC pills), implants (including Implanon, Jadelle

and Sino-implant), intra-uterine devices (IUD, including Copper- T 380-A IUD and LNG-

IUS), and injectables (including Depo Provera (DMPA), Noristerat (NET-En), Lunelle,

Sayana Press and other injectables).

The proportion of a modern contraceptive method provided by the public sector is de-

fined as the percent of a modern contraceptive method that is supplied by any public

sector outlet relative to all modern methods supplied in each country at a given time.

Conversely, the proportion of modern contraceptives provided by the private sector come

from the private sector outlets [52]. The public sectors include contraceptives supplied

by government health facilities and home/community deliveries. Any supplies that come

from sources outside the public sector can be defined as coming from the private sector.

These include commercial, for-profit, and non-profit organizations [39]. We consider three

sector categories: public, private commercial medical and other private, where the private

commercial medical and other private make up the total private sector. In this study,

the outcome of interest for a given contraceptive method is the market share breakdown

using the three sector categories.

A database of the public and private sector breakdown of modern contraceptive sup-

ply with their associated standard errors was created using data from the DHS [87]. The
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DHS use a two-stage sampling design, using census information as the sampling frame.

First, the country of interest is stratified to have strata as homogeneous as possible. This

homogeneity minimizes the resulting sampling errors of the survey. Within each stratum,

the census enumeration areas (EAs) form clusters. The households of each cluster are

listed, and a fixed number of households within the selected cluster are chosen by sys-

tematic sampling. The sample selection process uses weights to address the differences

in probability of selection. This corrects any over- or under-sampling of different clusters

during sample selection. The DHS standard model questionnaires are then utilised to

collect data from the selected households [18]. The cohort of interest for this study was

women aged 15-49 years old who are taking a modern contraceptive method. The variable

of interest was the current source of their modern contraceptive methods.

In this study we consider countries involved in the FP2030 initiative. Table 2.1 lists

the thirty countries used in this study. The total number of surveys carried out and the

year of the most recent survey is listed for each country. There are five intermediate world

regions considered in this study. Western Africa has the largest number of countries in

the dataset with 12 countries, while South-Eastern Asia is the smallest with 2 countries

in the dataset. Just under half of the countries included have survey data available after

2015, highlighting the need for annual up-to-date estimates of the contraceptive supply

shares.
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UNSD intermediate

world regions
Country

Total Number

of Surveys
Recent Survey Year

Southern Asia Afghanistan 1 2015

Western Africa Benin 5 2017

Western Africa Burkina Faso 4 2010

Middle Africa Cameroon 5 2018

Middle Africa Congo 2 2011

Middle Africa Democratic Republic of Congo 2 2013

Western Africa Cote d’Ivoire 3 2011

Eastern Africa Ethiopia 5 2019

Western Africa Ghana 5 2014

Western Africa Guinea 4 2018

Southern Asia India 4 2015

Eastern Africa Kenya 5 2014

Western Africa Liberia 3 2019

Eastern Africa Madagascar 4 2008

Eastern Africa Malawi 5 2015

Western Africa Mali 5 2018

Eastern Africa Mozambique 3 2011

South-Eastern Asia Myanmar 1 2015

Southern Asia Nepal 5 2016

Western Africa Niger 4 2012

Western Africa Nigeria 5 2018

Southern Asia Pakistan 4 2017

South-Eastern Asia Philippines 6 2017

Eastern Africa Rwanda 6 2019

Western Africa Senegal 11 2019

Western Africa Sierra Leone 3 2019

Eastern Africa Tanzania 6 2015

Western Africa Togo 2 2013

Eastern Africa Uganda 5 2016

Eastern Africa Zimbabwe 5 2015

Table 2.1: Summary of DHS microdata used during the study including the United Nation

Statistics Division (UNSD) intermediate world region names, country names, the number

of DHS surveys per country available and the year of the most recent DHS survey available.

Just over 46% of countries have data available after 2015.

We calculated proportions and associated standard errors from DHS micro-level data.

In line with STATcompiler convention [38], we filtered the DHS survey microdata to only

include observations for a given method m, at time t in country c where at least one

sector (public, private commercial or private other) has a sample size of at least twenty
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women. This removes sets of observations with large uncertainty due to small sample

sizes. Sampling errors were calculated while accounting for the sampling design using a

Taylor series linearisation method to approximate the standard error of the calculated

proportions [5] [42]. This work was carried out using the ’survey’ R package [47]. Any

observations where the 95% confidence intervals exceeded zero or one were truncated to

maintain boundary of the (0,1) interval.

The final database included 1461 observations for 15 method-sector combinations. An

example of the data is shown in Figure 2.1A where the proportion of modern contracep-

tives coming from each sector are plotted over time for Zimbabwe. Vertical bars indicate

standard errors associated with each observation. Zimbabwe is considered a data-rich

country as there are between 3 and 5 surveys available for each method. For all five

methods, the public sector has the largest market share. However, in recent years, there

is an increase in the proportion of OC pills and female sterilization supplied by the pri-

vate sectors. In Figure 2.1B, the observed method mix for each of the five contraceptive

methods is shown for each DHS survey year. We can see that as OC pills declines in the

public sector supply share, so too does its popularity in the method mix for Zimbabwe.

In the database, standard errors range from 0.015 to 18.2 percentage points. For further

details on how the standard errors were calculated and a summary of these errors, please

see the accompanying appendix (Chapter 3, section 1).
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Figure 2.1: A: Contraceptive Supply in Zimbabwe. Observed proportions of the modern

contraceptives supplied by each sector over time for Zimbabwe according to the DHS

microdata. The sectors are coloured blue for public, grey for commercial medical and

gold for other private. The standard errors associated with each observation are used to

create the vertical error bars. Zimbabwe is one of the thirty countries included in this

study. B: Method mix in Zimbabwe. The observed popularity for the 5 contraceptive

methods of interest in Zimbabwe according to the DHS microdata. Each method is

represented by a different colour. The year of the DHS survey is listed on the x-axis. On

the y-axis, the height of each bar captures the proportion of modern contraceptive users

utilising each method in a given survey year.

2.6 Methods

The outcome of interest is the components of a compositional vector,

φc,t,m = (φc,t,m,1, φc,t,m,2, φc,t,m,3),
�� ��2.1
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where, φc,t,m,s the proportion supplied by the public sector (s =1), the private commercial

medical sector (s=2) and the other private sector (s=3) of modern contraceptive method

m, at time t, in country c.

We break the model specification into two parts, the process model that captures the

underlying dynamics of the outcome of interest and the data model which links the ob-

served data to the process model. In the process model, we model the logit-transformed

proportion of the public-sector supply share and the ratio of private commercial medical

to total private sector supply share using a Bayesian hierarchical penalised spline model.

The logit-transformed data is linked to the process in the data model via a Normal dis-

tribution.

2.6.1 The process model

We begin by defining a regression model for φc,t,m,1. Logit-transformed proportion ψc,t,m,1

= logit(φc,t,m,1) is modelled with a penalized basis-spline (P-spline) regression model:

logit (φc,t,m,1) = ψc,t,m,1 =

K∑
k=1

βc,m,1,kBc,k(t),
�� ��2.2

where, Bc,k(t) refers to the kth basis function evaluated in country c, at time t.

βc,m,1,k is the k-th spline coefficient for the public sector supply (s=1) of method m in

country c.

The basis functions B(t) are constructed using cubic splines. The basis are fitted over

the years 1990 to 2025. We align the knot placement of the basis splines with the most

recent survey in each country. As the most recent survey year varies by country, the basis

splines Bc,k(t) also vary by country. An example of the country-specific basis-functions

are shown in Figure 2.2 where the basis are shown as a set of coloured curves plotted over

time with the locations of the knots denoted in black dots with dash vertical lines along

the x-axis.
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Figure 2.2: The set of basis functions plotted over time that are used to fit Afghanistan

and Democratic Republic of Congo (DRC). The most recent survey for Afghanistan occurs

in 2015 and the most recent survey in DRC occurs in 2013. Thus, the knot point locations,

depicted as black dots with vertical dashed lines differ between the two countries.

Similarly, we model the latent variable, ψc,t,m,2, to capture the logit-transformed ratio

of the private commercial medical supply share to the total private sector share. The

model is specified as follows:

logit

(
φc,t,m,2

1− φc,t,m,1

)
= ψc,t,m,2 =

K∑
k=1

βc,m,2,kBc,k(t),
�� ��2.3

where, βc,m,2,k is the k-th spline coefficient for the ratio of private commercial medical

sector (s=2) to total private sector for method m in country c.

From the latent variable vector, ψc,t,m, it is possible to infer the compositional vector

φc,t,m,

24



2.6. METHODS

φc,t,m,1 = logit−1 (ψc,t,m,1) ,

φc,t,m,2 = (1− φc,t,m,1) logit−1 (ψc,t,m,2) ,

φc,t,m,3 = 1− (φc,t,m,1 + φc,t,m,2) .

�� ��2.4

Parametrization of the spline regression coefficients

To estimate the spline coefficients, βc,m,s,k, we use a random walk model of order 1 on

spline coefficients such that the first-order differences, δc,m,s, are penalized. This model

choice is motivated by prior work that used constant projections past the most recent

data point [79].

The δc,m,s vector is of length h where h=K-1 and is defined as

δc,m,s = (βc,m,s,2 − βc,m,s,1, βc,m,s,3 − βc,m,s,2, ...., βc,m,s,K − βc,m,s,K−1).
�� ��2.5

We assume that in country c, method m and sector s, the value of spline coefficient at

knot point k∗, aligning with the year t∗ where the most recent survey occurs, is αc,m,s. By

doing this, we are assuming that the αc,m,s parameter will act as the spline coefficient for

the reference spline at k∗. We calculate the remaining spline coefficients by moving away

from the reference knot (k∗) to adjacent spline coefficients (k∗ + 1 and k∗ − 1) using the

estimated δc,m,s, the first-order rates of change between consecutive spline coefficients.

This process is repeated until all spline coefficients are estimated for country c, method

m and sector s.

βc,m,s,k =


αc,m,s k = k∗,

βc,m,s,k+1 − δc,m,s,k k < k∗,

βc,m,s,k−1 + δc,m,s,k−1 k > k∗.

�� ��2.6

Hierarchical estimation of the intercept

The parameter αc,m,s acts similarly to an intercept term as it forms the baseline level

from which forward and backward projections are based off. A change in αc,m,s can

lead to a systematic change on the estimated set of supply-share levels for a particular

country. αc,m,s is estimated hierarchically to allow parameter estimates to benefit from

cross-method and then cross-country information sharing for each sector. The hierarchical

distributions are given by:

αc,m,s | θr[c],m,s, σ2
α,s ∼ N

(
θr[c],m,s, σ

2
α,s

)
,

θr,m,s | θw,m,s, σ2
θ,s ∼ N

(
θw,m,s, σ

2
θ,s

)
.

�� ��2.7
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Such that αc,m,s. is distributed around a sector, method, region-specific mean θr[c],m,s.

allowing for a cross-method variance σ2
αs

. for each sector. The geographic regions, r[c],

used to group countries together are the UNSD intermediate world regions [86]. The

sector, method, region-specific means are distributed around a sector, method-specific

world mean θm,s. allowing for a cross-regional variance σ2
θs

within each sector. We

chose this hierarchical setup as the private sector plays an important role in the supply

of contraceptive products, such as OC pill and injectables, whereas the public sector

tends to provide higher proportions of clinical contraceptive methods, including female

sterilisation, IUDs, and implants [3] [83]. Thus, it made sense for the data to split

the prior and hyper-prior mean parameters by method-type to respect these observed

differences. Finally, the overall sector-specific mean is given a vague Normal prior and

the cross-method and cross-country standard deviation parameters are given half-Cauchy

distributions:

θw,m,s ∼ N (0, 100) ,

σαs ∼ Cauchy (0, 1)+ ,

σθs ∼ Cauchy (0, 1)+ .

�� ��2.8

Specification of the deviation terms δ

A multivariate normal prior centred on 0 was assigned to the vector of length M of first-

order differences of the spline coefficients, δc,1:M,s,h, for all methods supplied by sector s

in country c, at first-order difference h;

δc,1:M,s,h | Σδ,s ∼MVN(0,Σδ,s),
�� ��2.9

Where the variance-covariance matrix Σδ,s is given by,

Σδs =



σ2
δ1,s

ρ̂1,2,Sσδ1,Sσδ2,s . . . . . . ρ̂1,M,Sσδ1,sσδM,S

ρ̂2,1,sσδ2,sσδ1,s σ2
δ2,s

. . . . . . ρ̂2,M,Sσδ2,sσδM,s

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

ρ̂M,1,sσδM,s
σδM,s

. . . . . . . . . σ2
δM,s


.

�� ��2.10

The variance terms σ2
δm,s

for m=1,..,M and s=1,2 are method-sector specific smooth-

ness parameters that act as a penalization parameter on the first order differences of the

spline coefficients. As σ2
δm,s

tends towards 0, deviations away from the sector, method,

country-specific mean go to 0. Within each sector, we assume that the first order dif-

ferences are not independent across methods. This dependency is captured via the co-
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2.6. METHODS

variance, ρ̂i,j,s σδi,s σδj,s for s=1,2,i=1,..,M and j=1,..,M and where ρ̂i,j,s is the estimated

correlation between first-order differences of spline coefficients for method i and method

j supplied by sector s. Σδs plays a pivot role in the estimation process. It influences

both the flexibility of the splines to move away from the most recently observed survey

level, and the strength of the relationships that occur between the rates of change in

contraceptive method supply share estimates.

The deviation terms of the Σδs matrix are given vague uniform distributions,

σδm,s ∼ Uniform (0, 10) .
�� ��2.11

The correlation terms of the covariance matrix, ρi,j,s, were estimated using a maximum

a posteriori estimator for the correlation matrix as described in Azose and Raftery, 2018

[4]. This approach involves fitting a model where the covariance terms in σδj,s are set

equal to zero. The resulting estimates are then used to estimate the correlation between

methods across time and all countries. Specifically, for sector s, the correlation between

method i and method j is calculated as follows,

ρ̃i,j,s =

∑C
c=1

∑K−1
h=1 δ̃c,m[i],s,hδ̃c,m[j],s,h√∑C

c=1

∑K−1
h=1 δ̃

2
c,m[i],s,h

√∑C
c=1

∑K−1
h=1 δ̃

2
c,m[j],s,h

,
�� ��2.12

where, ρ̃i,j,s is the posterior sample of estimated correlations between method i and

method j in sector s.

δ̃c,m[i],s,h is the posterior sample of first order differences of the spline coefficients esti-

mated in country c, method i, in sector s at first-order difference h in the zero-covariance

model.

C is the total number of countries involved in the study.

h is the number of differences between the K spline coefficients (h=K-1).

To ensure that the correlation matrix (ρ) is positive definite, we let;

ρ̂i,j,s = ρi,j,s,
�� ��2.13

where ρi,j,s is the posterior mean of ρ̃i,j,s.

Figure 2.3 shows the heat map of the estimated correlations between the first-order

differences in the spline coefficients for the five contraceptive methods studied for the pub-

lic sector and ratio of commercial medical sector to total private sector. In general, both

the public and private sectors have weakly positive correlations across all method combi-

nations (Figure 2.3B). In both sectors, OC pills tends to have the strongest correlations
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2.6. METHODS

with the other methods. The relationships between the other methods tend to be close

to zero. In the public sector, injectables and OC pills have a weak-positive correlation

at 0.17. This is the strongest average correlation calculated in the public sector. In the

private sector, the OC pills-injectables relationship is again the strongest at 0.13 (Figure

2.3A; 0.17. Figure 2.3B; 0.13). In both instances, OC pills have a positive correlation

with injectables. This implies that the rates of change in the supply of OC pills tend to

increase jointly with the rates of change in the supply of injectables across the public and

private sectors.
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Figure 2.3: A heatmap of the estimated correlations between the changes in contraceptive

supply of contraceptive methods (on the logit scale) present in the public (A) and private

(B) sectors. The methods include female sterilization, oral contraceptive pills (OC pills)

intrauterine devices (IUD), injectables and implants. Correlation is measured on a scale

from -1 (strong negative correlation) to +1 (strong positive correlation). The colours

represent the strength of the correlation, blue indicates negative correlations and red

indicates positive correlations.
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2.6.2 The data model

The likelihood of the logit-transformed observed data, logit(Yi), the observed logit-transformed

proportions of modern contraceptive method supplied by the public and commercial med-

ical sectors (s=1 and s=2) for method m, at time t in country c, are modelled using

Multivariate Normal distributions such that,

logit(Yi) | logit(φc[i],t[i],m[i],s=1:2) ∼MVN(logit(φc[i],t[i],m[i],s=1:2),ΣYi),
�� ��2.14

Where, logit(φc[i],t[i],m[i],s=1:2) is the vector of logit-transformed public (s=1) and pri-

vate commercial medical (s=2) supply proportions for the country, time-point, method

associated with observation i.

The variance-covariance matrix, ΣYi , utilizes the standard errors (SE) and covariances

calculated using the DHS survey microdata associated with the logit-transformed obser-

vations, logit(Yi). The calculated variance-covariance matrix is transformed onto the logit

scale using the delta-method. Details of the delta-method transformation can be found

in the appendix (Chapter 3, section 4).

2.7 Computation

We used R and JAGS (Just Another Gibbs Sampler) to fit the model. JAGS uses Markov

Chain Monte Carlo (MCMC) algorithm to produce model estimates for Bayesian Hier-

archical models [59]. The number of iterations used was 200,000. The burn-in period

was set to 20,000. The samples were thinned to every 90th sample. Consequently, the

posterior distribution is made up of 2000 samples. To assess convergence, we considered

the convergence diagnostic R̂ [88], as well as the individual parameter trace plots. Further

details of the computation can be found in the appendix (Chapter 3) section 3.

2.8 Country estimates

We produced estimates and projections of the public and private sector contraceptive

supply share from 1990 to 2023 for 5 contraceptive methods in 30 countries involved in

FP2030. We used R and JAGS (Just Another Gibbs Sampler) to fit the model. JAGS uses

Markov Chain Monte Carlo (MCMC) algorithm to produce model estimates for Bayesian

Hierarchical models [59]. The details of how these estimates are created are described in

the appendix (Chapter 3), Section 3. Results are presented here for a subset of countries.

Results for all countries are included in Chapter 9 (Figures 9.1 - 9.25). We show results for

five countries to illustrate the model’s response to varying amounts of data available for
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2.8. COUNTRY ESTIMATES

each country in the data set (Table 2.1). These countries include Afghanistan, Democratic

Republic of Congo (DRC), Mozambique, Nepal, and Zimbabwe. Afghanistan has at most

a single survey data point for each method and sector. The DRC and Mozambique

have at most three survey data points for each method and sector. Finally, Nepal and

Zimbabwe have at least three survey data points for each method and sector. To begin,

we will look at our model estimates in a data-rich setting. Historically, Nepal appears

to distribute the pill supply share equally across the public and private sectors (Figure

2.4A). In contrast to this, Zimbabwe traditionally supplied most OC pills through the

public sector (Figure 2.4B). However, in more recent years, Zimbabwe’s private medical

and private other sectors have been slowly growing in popularity. For other methods

the public sector dominates the supply in both countries, however in Nepal the public

sector share of IUDs does appear to be decreasing slowly over time. In both Nepal and

Zimbabwe, projections beyond the most recent survey are penalised to be as smooth

as possible. The models are utilising the most recently observed level (αc,m,s) as their

baseline for extending estimates out into the future.
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Figure 2.4: The projections for the proportion of modern contraceptives supplied by each

sector in Nepal (A) and Zimbabwe (B). The median estimates are shown by the continuous

line while the 95% credible interval is marked by shaded area. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.

In the DRC, except for the OC pill, the public sector provides the largest share of

all contraceptive methods (based on median estimates; Figure 2.5A). More recently, the

proportion of OC pill supplied by the private sector seems to be declining (since 2014

approximately). The public sector supply share is increasing over time for female steril-

ization. Injectables, which in the past projections appeared steady in the public sector

supply share, shows an increase in supply from the public sector in more recent years (since

2008 approximately). The private commercial medical sector injectables trend is being

impacted by the across-method correlation structure imposed in the model. Changes over
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time in injectables supply from the private sector have positive correlation with changes in

OC pills (correlation=0.13, Figure 2.3B). The behaviour of the OC pill supply share can

be explained by the hierarchical structure of the fixed effects term in the model. In the

absence of historical data, OC pill estimates begin at the sector, region, method-specific

intercept, which is informed by the most recent supply-share level observed, and then the

data begins to inform the estimates in more recent years (post-2014 approximately). The

extrapolations into the future are steady as the spline coefficients used during estimation

are based on the penalised first-order differences which are expected to result in a zero-

unit rate of change between coefficients (equation 2.9). In Mozambique, the public sector

dominates the supply share for all methods (based on median estimates; Figure 2.5B).

The public sector supply share for all methods is mostly steady over time. We see an

increase in the public supply share of injectables and OC pills between 1995 and 2010 ap-

proximately. For implants, the national estimates are tending towards the sector-specific

average of most recently observed supply share levels across the larger geographic region

in the absence of data.
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Figure 2.5: The projections for the proportion of modern contraceptives supplied by each

sector in Democratic Republic of Congo (DR Congo) (A) and Mozambique (B). The

median estimates are shown by the continuous line while the 95% credible interval is

marked by shaded area. The DHS data point is signified by a point on the graph with

error bars displaying the standard error associated with each observation. The sectors

are coloured blue for public, grey for commercial medical and gold for other private.

Lastly in Afghanistan (Figure 2.6), there is only one survey available. For all methods

except for the OC pill, the public sector provides the largest supply share over the study

period (based on median estimates). The supply share median estimates and uncertainty

intervals for female sterilization, injectables, IUD and OC pills are influenced by single

data points. In the absence of any data for implants, the estimates are centred on the

sector, region, method-specific average of the most recently observed supply share levels.
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Contraceptive Supply in Afghanistan

Figure 2.6: Contraceptive Supply in Afghanistan. The projections for the proportion of

modern contraceptives supplied by each sector in Afghanistan. The median estimates

are shown by the continuous line while the 95% credible interval is marked by shaded

coloured area. The DHS data point is signified by a point on the graph with error bars

displaying the standard error associated with each observation. The sectors are coloured

blue for public, grey for commercial medical and gold for other private.

Table 2.2 shows a summary of the contraceptive supply share for each method in

2023. Overall, the public sector supplies the highest proportion of each contraceptive

method, and the private other sector supplies the smallest proportion. Implant supply

is dominated by the public sector (approximately 83%). This may be since they require

medical assistance for insertion and therefore require medically trained providers. This

makes them more expensive to provide and less likely to be accessed through private

means [90]. In contrast, the supply of OC pills is close to a 50:50 percentage point split

between the public and private sectors. OC pills can be supplied to users without medical
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assistance making them more popular in the private sector [8].

Private Commercial Medical Private Other Public

Mean (%) SD (%) Mean (%) SD (%) Mean (%) SD (%)

Female Sterilization 15.4 9.0 3.8 3.0 81.0 7.05

Implants 15.9 12.0 0.9 1.0 83.2 12.0

Injectables 22.9 14.0 2.6 2.0 75.4 15.0

IUD 25.7 14.0 0.7 0.1 73.7 15.0

OC Pills 40.4 19.0 13.0 10.0 44.5 20.0

Table 2.2: Summary of contraceptive supply share proportions across all countries and in

2023 for each method and sector. The mean estimate for the percentage point supplied

and the associated standard deviation (SD) are listed

2.9 Discussion

In this paper we proposed and validated a Bayesian hierarchical model to estimate the

country and method specific changes in the contraceptive supply share over time with

(sometimes) limited amounts of DHS survey data. The modelling framework uses pe-

nalised splines to capture the evolution of the contraceptive method supply from the

public and private sectors while imposing a correlation structure to capture correlations

between changes in the supply share. The penalised splines provide a flexible fit to the

data without over-fitting. The model structure imposes a hierarchy such that the expected

sector, country, method-specific supply shares are informed based on the geographical re-

lationships of the countries to promote information sharing across countries where smaller

amounts of data are present. The model will produce estimates within the period of avail-

able survey data as well as projections beyond the most recent data point.

The model was used to estimate and project the contraceptive supply share from the

public, private commercial medical and private other sectors for 30 focus countries of the

FP2030 initiative, where relevant data was available. Case study examples illustrated the

strength and flexibility of the modelling approach in its ability to capture the evolving

nature of the contraceptive supply share over time. The hierarchical setup of the model

and the imposed cross-method correlation structure allows the model to produce informed

estimates (with uncertainty) even in cases where very limited data are available. Based

on a series of validation measures, the proposed model is well calibrated and outperforms

various model alternatives (see the supplementary appendix in Chapter 3 for full details).

To show the utility of the proposed approach for producing short-term projections, we

use model validations where we leave out the most recent data points and compare the

predictive performance of our proposed model to that of alternative simpler approaches,
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and check that forecasts are well calibrated. Through the validation exercises, we show

that our model provides improved point estimates (as measured in terms of RMSE for

predicting left-out observations) and is well calibrated as compared to alternative models.

An application of our model will be in the calculation of Estimated Modern Use (EMU), a

proxy for modern contraceptive prevalence derived from service statistics and frequently

used in the Family Planning Estimation Model [10] [11]. A short description of how to

calculate EMUs can be found in the appendix (Chapter 3), section ‘Calculating Esti-

mated Modern Use’ and the full mathematical description is found in Chapter 7. Service

statistics data include the number of family planning commodities distributed to clients,

commodities distributed to health facilities, family planning facility visits, or family plan-

ning facility users. Frequently, the raw data reported in a given country does not include

the private sector contribution. As such, the raw data may not be fully representative

of the country’s whole contraceptive market. Currently, to address this issue when cal-

culating EMUs [80], the most recent DHS survey estimate of the country’s contraceptive

supply share is used to provide a breakdown of the contraceptive market and scale up

the raw data accordingly. We instead propose to use our model-based estimates in this

important supply-adjustment step of the EMU calculation and to propagate the posterior

uncertainty for the contraceptive supply share of sector s, method m, at time t in country

c into the EMU calculations. To maximise the engagement of Family Planning commu-

nity with this model and its application to EMU calculation, we have carefully considered

expert opinion and incorporated the current best practice approach to modern contra-

ceptive supply share extrapolations [79]. This is evident in the smooth projections of the

model beyond the most recent data points (Figure 2.4). The smooth projections into

the future promotes the seamless fusion of the current EMU calculation process and our

model-based estimates to produce improved EMUs with uncertainty.

Another potential application of these model estimates could be used in evaluating the

security of contraceptive method supply chains. It is well-established that a total-market

approach (TMA) is key to both the longevity and sustainability of the family planning

market and in achieving equity among family planning users [8]. Understanding and

quantifying the supply shares of the private and public sectors in the contraceptive mar-

ket contributes to a TMA approach to supply chain management [55]. Presently, the

latest DHS survey estimates are used to provide the proportion of modern contracep-

tives supplied by each sector. However, this relies on out-of-date information in relation

the private sector supply in the absence recent surveys. The model estimates presented

here can provide an essential measure of the private sector’s role in modern contraceptive

method supplies at a national level. Using the model estimates, it is possible to predict
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and reflect on overall contraceptive market supply trends. This feeds into indicator 1,

“Generating intelligence”, and indicator 6, “Accountability and transparency in health

markets”, of the TMA framework which will help to enable evidence-based strategies for

resource management within the family planning market and improve the sustainability

of future family planning initiatives [15].

The estimates and projections presented here provide important and relevant information

on the contraceptive supply share over time, at a national level. The data model allows

for the incorporation of survey sampling errors to be included in the modelling process.

The use of penalised-splines allows for data driven, flexible model-based estimates and the

correlation structure imposed in the estimation of the splines allows the model to draw

strength and information from the relationships between supply-shares of different con-

traceptive methods. Given that data are not necessarily available for all country-periods

of interest, we use a smoothing model on the spline coefficients, such that differences

between neighbouring spline coefficients are penalized. A similar approach to spline co-

efficient estimation can be found in Wang et al. (2019), where the authors also model

the regression coefficients with a first-order random walk process [89]. The Bayesian hi-

erarchical framework allows for information sharing across methods and regions, which is

of particular use for countries where data are limited. It allows us to capture differences

between countries, and the similarities of countries within regions. This type of approach

follows that used in other global estimation exercises, for example, for family planning

use [2] and estimating populations of women of reproductive age [1]. Explorations carried

out seem to suggest that there is no spatial auto-correlation in the model estimates. The

hierarchical structure within the model, taking advantage of the geographic nature of the

dataset, captures any potential spatial residuals within the data. In future work, analy-

ses that focus on using relevant covariates to try to explain or understand differences in

supply shares across settings or within settings over time can be considered. Given data

limitations and the variety of reasons why supply shares may vary, this falls outside the

scope of our current study. Another area of future work will consider speeding up the

computational efficiency of this modelling approach using integrated nested Laplace ap-

proximations (INLA), a method for approximating Bayesian inference for latent Gaussian

models [64], rather than the current approach of MCMC sampling.

This consideration of the public/private sector supply of contraceptive methods within

countries is vital for informing family planning programs that seek to improve access to

and increase use of modern family planning methods [63]. The private sector can play an

important role in the sustainability of family planning markets and therefore the ability,

via model-based estimates, to evaluate where countries currently stand in terms of pri-
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vate sector contributions to the contraceptive method supply can help to inform needs

for private sector expansion and support the growth of contraceptive use [63].

2.10 Data availability

The code and data used to create these results can be found at https://github.com/

hannahcomiskey/mcmsupply and the corresponding R package, mcmsupply can be found

on CRAN [17].
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3
Appendix A: Estimating the proportion of modern

contraceptives supplied by the public and private

sectors using a Bayesian hierarchical penalized

spline model

3.1 Calculating the variance-covariance matrices of the DHS ob-

servations using DHS microdata

Using the ‘svymean’ function from the ‘survey’ package in R [47], the proportions of each

method supplied the public and privates sectors for the specific surveys in the countries

listed above were calculated along with their associated variance-covariance matrices. The

‘survey’ package uses the Taylor series linearisation method to approximate the standard

error of the calculated proportions [5] [42]

Measure
Range

(% over all methods)
Median SE size

(% over all methods)
Largest mean SE

(method, %)
Smallest mean SE

(method, %)

Result 0.015 , 18.19 2.23 IUD 4.10 Injectables 2.03

Table 3.1: Summary table for the calculated standard errors of the data observations.

From Table 3.1, the calculated standard errors range from 0.015 to 18.19 percentage

points. The median standard error size across all method is 2.23 percentage points.

On average, they tend to be largest for IUDs where the mean standard error size is

approximately 4 percentage points and smallest in injectables where the mean standard

error size is approximately 2 percentage points.
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3.2 Imputation of standard errors

In some instances, the calculated standard error was 0, where a particular method came

entirely from one sector. In these instances, we needed to impute the standard error

of these observations. We did this using a binomial distribution approximation of the

variance, with consideration given to the design effect (DEFT) of the individual DHS

surveys. For additional caution, we do not impute the standard errors for observations

where the sample size is less than 20 women. 20 women is the recommended number

of participants per DHS cluster, as per the DHS collection manual [51]. A database

of DHS survey design effects for a sample of countries and surveys was collected for

illustration purposes. The DHS DEFT can be found in the final DHS report, Appendix

B “ESTIMATES OF SAMPLING ERRORS” for each DHS survey in a given country

and year [23]. The DHS survey design effects measures the impact of the complex DHS

sampling design on the variance of a given estimator, in this case the contraceptive method

supply shares in a given country. DEFT are the ratio of the variance of a parameter

estimated using a sample collected using the complex design to that estimated from a

sample collected using simple random sampling [58]. In this instance, the DEFT will

capture the inflation (DEFT > 1) or deflation (DEFT < 1) of our imputed standard error

due to the complexity of the DHS sampling process.

The imputed standard error for country c, in year t is given by,

ŜEc,t =

√
v̂(1− v̂)

N1 + 1
×DEFTc,t

�� ��3.1

Where, ŜEc,t is the imputed standard error for country c, in year t

v̂ =
N1 + 1

Nall + 1

�� ��3.2

N1 is the number of observations in the data where the observed proportion is greater

than 0.99.

Nall is the total number of observations in the data.

DEFTc,t is the listed DHS survey design effect for country c in year t. If the correspond-

ing DEFTc,t is not in the database, the DEFT is set to 1.5. This is the average of the

DEFT values in the database.
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3.3 Creating the estimates

We used R and JAGS (Just Another Gibbs Sampler) to fit the model. JAGS uses Markov

Chain Monte Carlo (MCMC) algorithm and Gibbs Sampling to produce model estimates

for Bayesian Hierarchical models [59]. To evaluate the JAGS output we used ‘rjags’,

an R package that offers cross-platform support from JAGS to the R interface [61]. The

number of iterations used was 200,000. The burn-in period was set to 20,000. The samples

were thinned to every 90th sample. Consequently, the posterior distribution is made up

of 2000 samples. To assess convergence, we considered the R-hats values of the model

parameters using the plot function of rjags, as well as the individual parameter trace

plots. Consequently, the posterior distribution is made up of 2000 samples. The results

were a set of trajectories for the proportion of contraceptive m supplied by each sector

over time for each country included in the study. The median of these results was taken

to be the model’s point estimate. The 95% credible intervals were calculated using the

2.5th and 97.5th percentiles from the posterior distribution for each estimate.

3.4 The Delta Method for the transformation of variance terms

onto the logit scale

To transform the variance-covariance matrix onto the logit scale, we use the multivariate

delta method such that,

g(ΣYi) = g′(Yi)ŜE
2

Yig
′(Yi)

T
�� ��3.3

Where, g(ΣYi) is the variance-covariance matrix associated with the logit-transformed

public and private commercial medical sector supplies associated with observation i. g′(Yi)

is the derivative of the associated logit-transformed proportions. ŜE
2

Yi are the estimated

corresponding public and private commercial medical sector standard errors for observed

proportions of observation i [45].

3.5 Model validation

3.5.1 Out-of-sample validation

The out-of-sample validation involves training the model on all but the most recent ob-

servation for countries that had two or more DHS data points. The withheld data then

becomes a test set which we judge our models’ projections against. The training set had

350 observations while the test set had 112 observations. We used the model to produce

estimates and projections with 95% prediction intervals for all countries contained within
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the training set for the years 1990 to 2025. We then compared the resulting projections

to the test set of most recent observations to check model performance.

3.5.2 Errors and coverage

We calculate sector specific error terms, ej,s, to describe the difference between the ob-

served data point j in sector s, yj,s, and the median estimate from the posterior predictive

distribution, yj,s such that,

ej,s = yj,s − ŷj,s.
�� ��3.4

We evaluated the results of the validation using different measures of accuracy and

prediction interval calibration. To evaluate the accuracy of our model, we considered the

root mean square error (RMSE) for each sector’s set of estimates.

Let,

RMSEs =

√∑Ns
j=1 e

2
j,s

Ns
,

�� ��3.5

where, Ns is the number of observations in the sector s. ej,s is the error for observation j

in sector s which is described above. The RMSE can be interpreted as the average error

observed across all countries, time points and methods in the test set.

We also evaluated the mean error (eq. 3.6) and the median absolute errors (eq.

3.7). The mean error is the average difference between the observed proportion and

true proportion estimated by the model and is an effective measurement of bias within

the model. When the mean error is positive, this indicates systematic under-prediction

by the model and conversely, a negative mean error indicates that the model is over-

estimating the observed data. Median absolute error is the 50th percentile of absolute

differences between the observed proportion and true proportion estimated by the model.

Median absolute error captures the overall variation within the model estimates.

Mean errors =

∑Ns
j=1 ej,s

Ns
,

�� ��3.6

Median absolute errors = Median(|es|),
�� ��3.7

where, es is is a vector of length Ns, containing the complete set of errors estimates for

all observations belonging to sector s.

Coverage assumes that if our model is correctly calibrated, then for each sector the model

should be able to capture the test set of out-of-sample observations with 95% accuracy,

where the remaining 5% of incorrectly estimated observations are approximately evenly
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distributed above and below the estimated 95% prediction interval. To examine the bias

of our models estimates, we examined the location of the incorrectly estimated test set

observations. We consider the proportion of test observations located above and below

the estimated prediction intervals. By examining the breakdown of locations, we are

evaluating the tendency of the model to under- or over-estimate the test set. If a higher

proportion of observations are located below the prediction intervals, this indicates that

the model is tending to over-estimate the test set. Similarly, if a higher proportion of the

incorrectly estimated observations are located above the prediction intervals, the model

is tending to under-estimate the test set.

3.5.3 Justification of model complexity

To evaluate whether the complexity of this model is required, we compare the complex

model validation results to those of a linear regression model and a P-spline regression

model without any cross-method correlation. Details of these models and their set-up can

be found in the ‘Model Comparison’ section of this appendix.

3.6 Results

3.6.1 Out-of-sample model validation

The model described in this paper has been evaluated using various out-of-sample model

validation measures to evaluate its effectiveness at estimating the method supply shares

at a national level while also considering the prediction intervals it uses to produce these

estimates (Table 3.2). It is performing reasonably well considering the complex nature of

the data. It has an overall coverage of approximately 92%. The public sector and private

commercial medical sector estimates have similar validation results. This model outper-

forms simpler modelling alternatives, described in the appendix. The results for the out

of sample validation are found in Table 3.2. The target coverage is 95%. The model is

reasonably well calibrated to the data with the public sector having 89% coverage and

the commercial medical sector having 92% coverage. The private other sector has 96%

coverage of the test set. The mean error of all sectors is less than 1 percentage point. The

median absolute error of the public sector was the largest at 6 percentage points while

the median absolute error of the private other sector was the smallest at approximately

0.7 percentage points.
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Sector
Coverage

(Target 95%)

Mean error

(%)

MAE

(%)

RMSE

(%)

Median

Prediction

Interval

Width

(%)

Breakdown of location

for the incorrectly

estimated observations

Above the

prediction

interval

(%)

Below

the

prediction

interval

(%)

Private Commercial Medical 97.4 0.51 5.5 10.8 56.9 1.7 0.9

Private Other 99.1 0.52 0.75 5.7 29.5 0.9 0

Public 93.2 1.1 7.79 11.5 55.5 5.1 1.7

Table 3.2: Leave-one-out validation results for the test set using the model described in

Chapter 2. MAE is median absolute error. RMSE is root mean square error. Coverage is

the proportion of the test set observations that are captured within the 95% prediction

interval produced by the model. We consider the median PI width and evaluate the

location of the incorrectly estimated leave-one-out validation test set observations.

For the private commercial medical sector, we see that the RMSE of this sector was

10.8% which indicates that the average error across all countries and methods was ap-

proximately 11 percentage points (Table 3.2) (For comparison with alternative models,

see Tables 3.3 & 3.4). The private other sector has smallest the RMSE at approximately

6 percentage points. This is in line with the magnitude of the proportions found in this

sector. In general, the private other makes up a small proportion of the overall sector

mix. Finally for the public sector, the RMSE also indicates an average error of approxi-

mately 11 percentage points. The RMSE of this sector is larger than the other two sectors

(11.5%, Table 3.2) but notably, the proportions supplied by the public sector are often

the highest across all methods and countries. The public and private commercial medical

sectors have similar median prediction interval widths. The private commercial medical

sector is slightly larger at approximately 57 percentage points. The smallest median pre-

diction interval width was produced by the private other sector covering approximately

29 percentage points (Table 3.2). When examining the location of the test observations

not captured within the prediction intervals, we expect to see approximately 2.5% of

the test observations below and above the prediction interval. An even distribution of

the incorrectly estimated observations would indicate unbiased estimation of the test set.

Both the private commercial medical and private other sectors see smaller proportions

outside the PI than expected, with both sectors having coverage of 97.4% and 99.1%

respectively (Table 3.2). This is above the expected 95% mark. All sectors medical sector

both have a larger proportion of incorrectly estimated test set observations above the PI.

This indicates that the incorrectly estimated test observations are higher than the model

estimated. this would indicate a bias within the model for underestimating method supply
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shares.

3.6.2 Comparison of the model-based estimates to the direct estimates

In Figure 3.1, we consider the observed standard errors observed calculated using the

DHS microdata versus the corresponding standard deviations estimated within the full

model. From this figure, we can see that in the commercial medical and public sectors,

the estimated standard deviation terms are smaller than the observed standard error

terms calculated using the DHS microdata. For both sectors, we can see that most of

the observations have standard errors between 1 and 12.5% approximately. These same

observations when estimated within the model have corresponding standard deviations of

approximately 1% to 7.5%. The use of this model results in a considerable reduction in the

uncertainty of these observations. In the other sector, the uncertainty estimated within

the model is larger than the associated observed standard deviations. Most observations

in the private other sector have small observed standard errors (<5%). The estimated

standard deviations tend to be approximately 2 percentage points larger than the observed

standard errors.
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Figure 3.1: A scatter plot across the three sectors comparing the standard error of the

direct estimates to the model-based estimates.

In Figure 3.2, we consider the sample size to the ratio of observed to estimated pro-

portions both of which are on the log scale for clarity. From this figure we see that as

the sample size increases, the ratio of observed to estimated data point tends towards 1.

Therefore, the model’s ability to capture the observed data point increases as the sample

size associated with each observation increases. This aligns with the same property that

is seen in many small area estimation models.
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Figure 3.2: A scatterplot of the estimates with log of the sample size on the x-axis and

the log ratio of direct to model-based estimates on the y-axis.

3.7 Model comparison

To justify the complexity of our model, we compared it against the performance of two

control models – a linear model and a penalized spline model with zero correlation.

3.7.1 Linear model

To justify the complexity of our model, we compared it against the performance of two

control models – a linear model and a penalized spline model with zero correlation.

To begin, we evaluated the necessity of using a flexible penalized spline approach

by comparing our model to an inflexible linear model. The linear model setting is very

similar to the model set up described in Chapter 2, the key difference between the model

described in Chapter 2 (we will refer to this as the full model) and this linear model is in

the derivation of the latent variables, ζc,t,m and ψc,t,m. In the linear model, we describe

the latent variables with,
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logit(φc,t,m,1) = ζc,t,m = αc,m,1 + δc,m,s ∗ t,
�� ��3.8

logit(
φc,t,m,2

1− φc,t,m,1
) = ψc,t,m = αc,m,2 + δc,m,s ∗ t.

�� ��3.9

where,

αc,m,s is a sector, method, country-specific intercept as described by the section ‘Hierar-

chical estimation of the intercept’ of Chapter 2

δc,m,s is a sector, method, country-specific slope term.

The slope term δc,m,s is described using the multivariate normal distribution to utilize

the linear correlations between observed rates of change in the supply share for each

method on the logit scale for the public sector and ratio of commercial medical sector to

total private sector. Such that,

δc,m,s ∼MVN(0,Σδ,s).
�� ��3.10

The δc,m,s is centered on 0 and the covariance matrix Σδ,s is of size M xM. Σδ,s is

set up as described in Chapter 2. The components of a compositional vector φc,t,m =

φc,t,m,1, φc,t,m,2, φc,t,m,3) denoting the proportion φc,t,m,s supplied by the public sector (s

=1), the private commercial medical sector (s=2) and the other private sector (s=3) of

modern contraceptive method m, at time t, in country c, are derived as described in

Chapter 2.

3.7.2 0-covariance model

To evaluate the impact of using correlated method-specific covariance terms in the variance-

covariance matrix of first-order differences of the spline coefficients, δc,m,s, we considered

a model with zero covariance. In this zero-covariance model, the model set up is as de-

scribed in Chapter 2 with the only difference occurring in the calculation of the variance-

covariance matrix Σδ,s. As before, the first-order differences of the spline coefficients,

δc,m,s are described using a multivariate normal prior centered on 0,

δc,m,s ∼MVN(0,Σδ,s).
�� ��3.11

However, in this zero-covariance model the cross-method correlations are set to 0,

resulting in zero-covariance on the off-diagonal of the matrix.
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Let the variance-covariance matrix of δc,m,s in the zero-covariance model be,

Σδ,s =


σ2
δs,1

0 ... 0

0 σ2
δs,2

... 0

. . ... .

0 . ... σ2
δs,m

 .
�� ��3.12

For both the linear and zero-covariance models, we carried out leave-one-out valida-

tion using the same training and test data as described in Chapter 2. The training set was

made of 350 training set observations and 112 test set observations. The test set contained

the most-recent survey observation for the proportion supplied by the public sector, the

private commercial medical sector, and the other private sector of modern contraceptive

method m, in country c. We evaluated the models using the same validation measures as

those described above in the ‘Model Validation’ section.

Sector
Coverage

(Target 95%)

Mean error

(%)

MAE

(%)

RMSE

(%)

Median
Prediction

Interval
Width

(%)

Breakdown of location
for the incorrectly

estimated observations

Above the
prediction

interval

(%)

Below
the

prediction
interval

(%)

Private Commercial Medical 80.9 -2.27 5.67 10.3 16.5 8.51 10.6

Private Other 95.7 1.36 0.89 6.38 11.3 2.13 2.13

Public 74.5 1.35 6.33 11.1 16.4 17.0 8.51

Table 3.3: Leave-one-out validation results for the test set using linear model. Coverage
is the proportion of the test set observations that are captured within the 95% prediction
interval (PI) produced by the model. The MAE is the median absolute error. RMSE is
root mean square error.

Coverage measures how well a model is calibrated to predict future observations. In

this instance, it is the proportion of test observations that are captured in the 95% pre-

diction interval during leave-one-out cross validation. The full model and zero-covariance

model perform similarly as both are reasonably well calibrated for all three sectors. The

coverage of both the full model (Table 3.3) and the 0-covariance models are the same

(Table 3.4) across the three sectors. The coverage of the linear model (Table 3.4) is lower

than both the zero-covariance and full models across all sectors. None of the three sectors

are optimally fitted in the linear model. As the full model and zero-covariance mod-

els have better coverage than the linear model, it justifies the use of complex penalised

splines to produce model estimates. To evaluate the bias and variance produced by the

three models, we consider the mean errors, median absolute errors (MAE) and root mean
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Sector
Coverage

(Target 95%)

Mean error

(%)

MAE

(%)

RMSE

(%)

Median
Prediction

Interval
Width

(%)

Breakdown of location
for the incorrectly

estimated observations

Above the
prediction

interval

(%)

Below
the

prediction
interval

(%)

Private Commercial Medical 97.4 0.79 6.0 10.2 55.5 1.7 0.9

Private Other 99.1 0.55 0.8 5.7 29.4 0.9 0

Public 93.2 1.36 7.05 11.5 54.3 5.0 1.7

Table 3.4: Leave-one-out validation results for the test set using zero-covariance model.
Coverage is the proportion of the test set observations that are captured within the 95%
prediction interval (PI) produced by the model. The MAE is the median absolute error.
RMSE is root mean square error.

square errors (RMSE). Mean error is a measure of model bias (eq. 3.6.). If the mean

error for a sector is positive, this indicates systematic under-prediction of test set esti-

mates, conversely a negative mean error indicates potential bias for over-predicting the

test set estimates. The median absolute error (eq. 3.7.) highlights the variation within

the model. A large MAE would indicate that there exists a large difference between the

test set observations and the corresponding model estimates. The root mean square error

(RMSE) can be interpreted as the average error produced by the model (eq. 3.5.). Both

the full model (Table 3.2) and zero-covariance model (Table 3.4) produce positive mean

errors for all three sectors. The public sector test set produce the largest mean errors

at 1.12% and 1.36% respectively. This indicates there is a bias for over-predicting these

observations in both models, but as these mean errors are approximately 1%, they are still

small. Similarly, the linear model (Table 3.3) has a positive mean error of 1.35%. This

mean error is larger than that produced by either spline model. This indicates that the

linear model has a larger lack of fit and bias when predicting the public sector estimates.

The linear model produces the largest mean errors for the public and private other sectors

across all three models. This indicates it is the least well-calibrated to the data as it has

the largest biases. The zero-covariance and full models are performing similarly in terms

of mean error, but the full model has marginally lower mean errors. The median absolute

errors (MAE) of the full model (Table 3.2) are slightly smaller than those produced by

the zero-covariance model (Table 3.4) for the private sectors. The MAE for the private

commercial medical sector is lower in the linear model than those of the spline models

(Table 3.3). The MAE of the private commercial medical sector linear model is 5.67%

compared to the full model at 5.51% and the zero-covariance model at 5.95%. The MAE

of both the full model and the 0-covariance model are very similar, however the full model

MAE are slightly smaller. This indicates that they are both similarly approximating the
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test set proportions across all three sectors. The MAE of the public sector is almost 1

percentage point lower in the zero-covariance model, indicating that the full model tends

to have a larger absolute difference between the survey observations and model estimates.

The RMSE of the linear model is the largest in all three sectors across the three models

(Table 3.3). This indicates that the linear model does not capture the proportions well

as the average errors produced are large. The RMSE of the zero-covariance (Table 3.4)

and full model (Table 3.2) indicate that the average error produced by these models are

similar to one another. When considering this result with the median prediction inter-

val widths, we see that the full model has similar sized prediction interval widths as the

zero-covariance model (Table 3.2, Table 3.4). The linear model had the narrowest PI

interval widths of all three models for the public (16.4%) and private commercial med-

ical (16.5%) sectors (Table 3.3). However, considering this metric in tangent with the

coverage and errors suggests that the linear model is not a good fit for the data. The

PI are too tight and are missing the observations. Lastly, when considering the location

of the incorrectly estimated test set observations. The full and zero-covariance models

tend to under-estimate the method supply shares in all three sectors (Table 3.2) (Table

3.4). The linear model also tends to under-estimate the public sector observations (Table

3.3), as a larger proportion of incorrectly estimated observations are found above the PI

boundary (17%), rather than below it (8.5%). In the private commercial medical sector,

the linear model (Table 3.3) tends to under-estimate the test set observations. The incor-

rectly estimated observations of the private other sector are non-biased in both the full

model (Table 3.2; above = 2.1%, below = 2.2%) and linear model (Table 3.3: above =

2.13%, below = 2.13%) as there is an equal proportion of observations above and below

the PI. Overall, the full model described in Chapter 2 is the most suitable model to de-

scribe this data. It captures the complex shape and relationships without over-fitting it

or missing the shape. It incorporates information regarding the correlations between the

rates of change across the contraceptive methods. The average errors, measures of bias

and median 95% prediction intervals widths produced by the model are similar to the

zero-covariance models. The strength of the full model is seen in the absence of data for

a particular contraceptive method, where model estimates can still be informed by the

behaviour of related methods to produce realistic estimates.

3.8 Model results

The model results produced by the national level multi-country model for the 30 countries

in the data set can be found in Chapter 9.
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4.2 Abstract

In this chapter, we introduce the R package mcmsupply which implements Bayesian hier-

archical models for estimating and projecting modern contraceptive method supply shares

over time. The package implements four model types. These models vary by the admin-

istration level of their outcome estimates (national or subnational estimates) and dataset

type utilised in the estimation (multi-country or single-country contraceptive market sup-

ply datasets). At the multi-country level, we use Bayesian, hierarchical, penalized-spline

models, with survey input, to produce annual estimates and projections of contraceptive

supply-share outcomes. At the single-country level, using Bayesian modularization we

use an adapted multi-country model to promote precise estimation in data sparse set-

tings. mcmsupply contains a compilation of national and subnational level contraceptive

source datasets, generated by IPUMS and Demographic and Health Survey microdata.

We describe the functions that implement the models through practical examples. The

annual estimates and projections with uncertainty of the contraceptive market supply,
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produced by mcmcsupply at a national and subnational level, are the first of their kind.

These estimates and projections have diverse applications, including acting as an indica-

tor of family planning market stability over time and being utilised in the calculation of

estimates of modern contraceptive use.

4.3 Introduction

Family Planning 2030 (FP2030) is a ‘global movement dedicated to advancing the rights

of people everywhere to access reproductive health services safely and on their own terms’

[30]. One step towards achieving this goal is to quantify how people are accessing their

modern contraceptive supplies. To date, obtaining estimates of modern contraceptive sup-

ply shares in low- and middle-income countries has relied on large-scale national surveys

like the Demographic and Health Surveys (DHS). However, these DHS are not annually

available and in practice, most countries carry out DHS every 3 to 5 years approximately,

with some countries having fewer surveys than this [74]. In previous work, we described

a model that provides probabilistic estimates of the contraceptive supply share over time

with uncertainty and examined the model performance at the national administration

division for countries that are participating in FP2030 and have varying amounts of DHS

data available [16]. The original modern contraceptive supply share model (mcmsupply

model) relies on splines, informed by cross-method correlations, to capture temporal vari-

ation combined with a hierarchical modelling approach to estimate country-level parame-

ters. Using a multi-country dataset, the original mcmsupply model produces estimates of

contraceptive supply market shares at the national level for all countries simultaneously.

In this chapter, we extend the model to estimate supply shares using input data from a

single-country and to also include estimation at the subnational administrative division.

For the remainder of the chapter, we will refer to the original modern contraceptive

supply share model as the multi-country national mcmsupply model. The single-country

mcmsupply model uses a scaled-down version of the multi-country approach. It borrows

strength from the multi-country model using modular model runs with informative priors

placed on key parameters to provide precise outcome estimation, even in the absence of

data for a particular contraceptive method. Modularization in Bayesian analysis describes

the process within a statistical model where information is restricted to flow only from

the prior to the likelihood. Thus, preventing the ‘contamination’ of key parameters from

suspect data [60] [48]. In the context of our problem, parameters estimated within the

multi-country model are used to inform the priors of the single-country (either national or

subnational administrative division) models. This approach prevents spurious parameter

estimates due to a lack of data for some counties. To summarise how the single-country
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and multi-country models are connected to each other, Figure 4.1 depicts this mod-

elling relationship at the national administration level. The main differences between the

multi-country and single-country approaches is that for a single-country model, we only

have data for one country (at the national or subnational administration division) and

the country-level (in the national model) or subnational-level (in the subnational model)

population parameters are informed by estimates from the corresponding multi-country

model. In contrast to this, the multi-country model uses national or subnational level

data (depending on your administrative level of interest) from many countries simulta-

neously to estimate model parameters and the country-level (in the national model) or

subnational-level (in the subnational model) population parameters are estimated hierar-

chically.
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Figure 4.1: A flow chart to illustrate the relationship between the multi-country and

single-country national estimation approaches. The median estimates of the multi-country

national model parameters are used as informative priors in the single-country national

model. A legend describing each element of the schematic is located in the blue box.

The need for the single-country version of the mcmsupply model arose for two primary

reasons. Firstly, there was a demand for improved computational efficiency while ensur-

ing that model accuracy remains uncompromised when generating projections of modern

contraceptive method supply shares for a single-country. Secondly, the option to accom-
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modate custom data, like incorporating a new survey dataset, was sought to be included

in the estimation process for users who require a more tailored analysis. The inclusion

of the functionality to estimate supply shares at the subnational level in the mcmsupply

package was spurred by the growing interest in subnational estimation among the family

planning community [57], [54], [44]. The decentralization of family planning services pro-

duces a more equitable and efficient service; however, it also shifts the responsibility of

service delivery to lower-level organisations that may not have the capacity to carry-out

the role [94]. Providing subnational-level estimates can lead to a clearer understanding

of localised user preferences, localised user access to family planning commodities and a

measure of the true stability contraceptive supply market at a smaller geographic scale

[7]. These subnational estimates may also be used as part of a localised temperature check

for progress towards the FP2030 goals, which include increasing access to contraceptive

methods [56].

This chapter introduces the R package mcmsupply for estimating and projecting the

contraceptive supply share at the national and subnational administration divisions using

multi-country or single-country datasets. Figure 4.2 shows a summary of the different

ways users can use the R functions and input data in mcmsupply to do model fitting and

estimation. The national data contained in the package is derived from the DHS microdata

[38] while the subnational data is derived from the IPUMS DHS datasets [35]. In the

’Implementation and Operation’ section, we review the operation and implementation

requirements of the mcmsupply R package. In the ’Data’ section, a detailed description of

the data used within the mcmsupply R package is provided, as well as an explanation of the

data pre-processing functions get_data and get_modelinputs. ’The estimation process’

section describes the model fitting and visualisation functions within the mcmsupply R

package. A basic overview of the process model is provided in ’Overview of the mcmsupply

process models’ with an explanation of some key modelling parameters. The ’Model

fitting’ section explains the run_jagsmodel function. The run_jagsmodel function fits

models in a Bayesian framework using the JAGS (Just Another Gibbs Sampler) software

and produces estimates with uncertainty for the administration level and dataset type

of choice [59]. The ’Model output’ section describes the plot_estimates function that

takes the model estimates and visualises them using the R package ggplot2 [92]. The ’Use

cases’ section discusses five use cases for modelling modern contraceptive supply shares

using the mcmsupply R package. Finally, the conclusions are presented.
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4.4 Implementation and Operation

mcmsupply contains pre-processing functions to clean and prepare raw input data for

model fitting at the administrative level of choice (national or subnational) using the

dataset type of choice (multi-country or single-country). This R package includes func-

tions to fit Bayesian hierarchical models using the model inputs. Functionality for post-

processing and visualisation of the model estimates are also included. The model fit-

ting process described uses JAGS. JAGS uses Markov Chain Monte Carlo (MCMC)

sampling to produce model estimates for Bayesian hierarchical models [59]. For instal-

lation, both R (≥3.5.0) and JAGS (≥4.0.0) are required. JAGS can be downloaded

at https://sourceforge.net/projects/mcmc-JAGS/files/JAGS/. mcmsupply interacts with

JAGS using the wrapper functions supplied by the R package R2jags [70]. The mcmsupply

package dependencies are listed in the package DESCRIPTION file and will be automati-

cally installed upon installing the main package. There are no minimum RAM, CPU,

or HARDDRIVE requirements apart from what is necessary to store model runs, which

varies case-by-case. This software was run on a MacBook Air using macOS 13.1 with a

1.6 GHz Dual-Core Intel Core i5 processor and 8GB of memory.

4.5 Data

4.5.1 Input data

The mcmsupply package contains the following input data sources:

(1) Survey data for the national and subnational modern contraceptive supply shares

between 1990 and 2020 for a selection of countries participating in the FP2030

initiative.

(2) Estimated correlations between the rates of change in method supply shares in

the public and private sectors at both the national and subnational administrative

divisions. These are derived based on the method outlined in Comiskey et al., 2023.

(3) Global and subcontinental parameter estimates obtained from the multi-country

model run at the national and subnational level.

The inst/data-raw folder of the mcmsupply package contains sample R code that

was used to create the model inputs in the case of the correlations and parameters.

This enables users to recalculate their own single-country model parameters and corre-

lations should they wish to do so. The code for the creation of the main input con-

traceptive supply source data is provided on the mcmsupply github page but the raw

data for these datasets cannot be provided. The raw data may be accessed by users
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through an application to the DHS program for national level data, or the IPUMS pro-

gram, for subnational level data. Help files for the contraceptive supply source datasets

can be accessed by using the command ?mcmsupply::national_FPsource_data and

?mcmsupply::subnat_FPsource_data. The national contraceptive supply source data

has data for 67 countries (including participants and non-participants of FP2030) be-

tween 1990 and 2020. The subnational contraceptive supply source data has data for 246

provinces across 24 countries (all participating in FP2030) between 1990 and 2020. Table

4.1 is a sample of 6 rows of the subnational contraceptive supply source data.

Country Region Method average year sector categories proportion SE.proportion n

Zimbabwe Midlands OC Pills 2010.5 Commercial medical 0.16017376 0.03557217 40

Zimbabwe Midlands OC Pills 2010.5 Other 0.10185427 0.02596022 29

Zimbabwe Midlands OC Pills 2010.5 Public 0.73797197 0.04498512 194

Zimbabwe Midlands OC Pills 2015.5 Commercial medical 0.19294664 0.03954100 60

Zimbabwe Midlands OC Pills 2015.5 Other 0.04282267 0.01660390 13

Zimbabwe Midlands OC Pills 2015.5 Public 0.76423069 0.03875660 209

Table 4.1: The subnational contraceptive supply source data used in the subnational

estimation models. Country and Region list the name of the country and province the

observation relates to. The Method column lists the type of the contraceptive method

supplied. The mid-year when the survey was collected is listed in average year. The

supply sector is found in sector categories. The observed proportion and standard error

are found in proportion and SE.proportion. The number of respondent making up each

observation are listed in n

Lastly, data on country classification, ISO codes and area groupings is provided in the

dataset Country_and_area_classification (Table 4.2). The help file for this dataset

can be accessed via the R command ?mcmsupply::Country_and_area_classification.

Country or area ISO Code Major area Region Developed region Least developed country Sub-Saharan Africa FP2020

Afghanistan 4 Asia Southern Asia No Yes No Yes

Albania 8 Europe Southern Europe Yes No No No

Algeria 12 Africa Northern Africa No No No No

American Samoa 16 Oceania Polynesia No No No No

Table 4.2: The Country and area classification dataset is the Track20 project country

and area classification data according to the United Nations Statistical Division, stan-

dard country or area codes for statistical use (M49). This data set is how we classify

each country in subcontinental regions. The name of the country, the International Or-

ganization for Standardization (ISO) code for each country, the continent, sub-continent

are listed. Details on whether or not a country is defined as a developing, located in

Sub-Saharan Africa and the status of it’s participation in FP2020 (now FP2030) are also

provided.
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4.5.2 Data pre-processing

In mcmsupply, the data processing occurs in two steps: First, the raw input data is re-

trieved and preliminary cleaning to the dataset is completed. Secondly, the cleaned data

is processed to provide the model inputs for the Bayesian hierarchical model. This two-

step process removes any black-box element to the model fitting process and allows the

user to review the data at both stages and refer to it later when considering model out-

puts. The first step involves the get_data function. This function retrieves the raw data

from the stored contraceptive supply source dataset, does data cleaning and processing to

address any issues with missing data and regional naming inconsistencies. Its arguments

are summarized in Table 4.3. First, the user defines whether they wish to use national or

subnational level administrative data via the national argument. National level data is

accessed when the national argument is set to TRUE. When subnational administrative

data is required, the user sets national to FALSE. Similarly, the user defines whether they

want to use multi-country estimation with data from multiple countries or single-country

estimation with data from a single-country via the local argument. The default setting

for the local argument is FALSE. This induces a multi-country estimation, where the out-

comes for all the countries in the contraceptive supply source dataset will be estimated

simultaneously. In the event of single-country estimation, the user sets local to TRUE

and indicates their country of interest via the mycountry argument. The names of the

countries listed in the package data can be found in the country_names dataset. The help

file for this dataset can be accessed via the R command ?mcmsupply::country_names.

The fp2030 argument controls whether to include countries that are participating in the

FP2030 initiative or not. The default includes only the named FP2030 countries (see

country_names) in the dataset. There is the optional functionality to include a custom

dataset. This allows the user to run the model on data outside of that stored within the

package. The surveydata_filepath is a character string that denotes the location of the

custom dataset. The file must meet a series of internal checks on file type, column names,

suitable data ranges and missing data. When a custom dataset is supplied to get_data,

the function carries out the checks and alerts the user to any differences between what

is expected and what has been supplied. If surveydata_filepath is left as NULL, by de-

fault the function uses the stored national_FPsource_data or subnat_FPsource_data,

depending on what administrative level the user has specified via the national argument

(Table 4.3). The get_data function returns a list containing the cleaned data and a list

of arguments supplied to the function. Storing the arguments of the get_data function

allows the set-up information to flow without requiring the user to repeatedly supply the

same arguments for each step of the modelling process.

58



4.5. DATA

Argument Data type Description

national Character

It indicates whether the user is interested in using data at the

national or subnational administration level.

This is a binary TRUE or FALSE argument.

Default is TRUE which retrieves national level data, while

FALSE retrieves subnational data.

local Character

It indicates whether the user is interested in using data for a

single population or not.

This is a binary TRUE or FALSE argument.

Default is FALSE.

mycountry Character

This is the name of the country you wish to do single-country

estimation for. The data will only be returned for this country.

Default is NULL.

fp2030 Character

It indicates whether the user is interested in using only

countries participating in FP2030.

This is a binary TRUE or FALSE argument.

Default is TRUE.

surveydata filepath Character

Pathway to the location of the custom dataset.

When left as NULL, the function

automatically uses the stored datasets.

Default is NULL.

Table 4.3: The arguments of the get data function. The purpose of this function is

to retrieve and clean the Demographic and Health Survey (DHS) data or custom user

supplied data for use in supply share estimation. The Argument column names the

function component. Data type describes the argument. Description explains the purpose

of the argument and any default entries.

Step two of the data pre-processing is the get_modelinputs function. This function

takes the cleaned data from the previous step and repackages it into suitable inputs for the

model implementation. The arguments of the function are summarised in Table 4.4. This

function uses the arguments set in the get_data function as well as additional parameters

for the model. These parameters include the year the user wishes to begin their estimation

at and the year they finish on. In the mcmsupply package, the models use basis splines

(B-splines), to capture the complexities in variation of the contraceptive supply source

data over time. B-splines use basis-functions to create piece-wise cubic polynomials. The

number of basis functions that are fit to the data is determined by the number of knots.

Knots are the locations along the x-axis where the piece-wise polynomials of the B-splines

join. As you increase the number of knots in the basis functions, the B-splines give a

tighter fit to the data. Similarly, if you decrease the number of knots in the basis, you

will get a smoother fit to your data. In the mcmsupply package, the user may alter the
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number of knots (nsegments) used in the basis functions. The default number of knots

is 12, as was used in Comiskey et al., 2023. Like the get_data function, this function

returns a list containing the model inputs and the function arguments.

Argument Data type Description

startyear Numeric The year you wish to start your estimation at.

endyear Numeric The year you wish to finish your estimation at.

nsegments Numeric
The number of knots you wish to include in your basis functions.

Default is 12.

raw data List

The output of the get data function, which includes a list

of the function arguments used and the

cleaned contraceptive supply source data.

Table 4.4: The arguments of the get modelinputs function. The purpose of this function

is to get the model inputs for the JAGS model used for supply share estimation. In the

table, the argument name and data type of the argument is stated, a description of the

argument and any default values is then provided.

4.6 The estimation process

The mcmsupply R package contains four Bayesian models, each of which aims to estimate

and project contraceptive method supply shares over time with uncertainty. These mod-

els vary by the administration level of their outcome estimates (national or subnational

estimates) and dataset type utilised in the estimation (multi-country or single-country

contraceptive market supply datasets). A full mathematical description of all the models

contained within mcmsupply is described in Appendix 5 a. A summary of each of the

parameters and their role within each model can be found in Table 4.5 while a visual

summary of the national model, using both multi-country and single-country inputs, can

be found in Figure 4.1.

Brief model overview

The outcome of interest is the components of a compositional vector φq,t,m, which cap-

tures the proportion of contraceptive method m, at time t, in population q supplied across

the public and private sectors.

φq,t,m = (φq,t,m,1, φq,t,m,2, φq,t,m,3),
�� ��4.1

aAt the time of publication it is expected that this material will be made available via another open
access venue.
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where, φq,t,m,s is the proportion supplied by the public sector (s =1), the private com-

mercial medical sector (s=2) and the other private sector (s=3) of modern contraceptive

method m, at time t, in population q (national or subnational).

Figure 4.1 shows the model set up for the national level models. A similar approach

is taken when estimating modern contraceptive method supply at the subnational ad-

ministration level. For each model within the mcmsupply package, the latent variable

ψq,m,t,s relies on a spline to capture the underlying process that generates the data, on

the logit scale, for sector s, in year t, for method m and population q (depending on the

administration level of interest) .

ψq,t,m,1 =

K∑
k=1

βq,m,1,kBq,k(t)
�� ��4.2

where, βq,m,1,k is the kth spline coefficient for sector s, method m in population q.

Bq,k(t) is the kth basis function fit to the data for population q.

We assume that in population q, for method m and sector s, the value of spline

coefficient at knot index k∗, aligning with the year t∗, the most recent survey available,

is αq,m,s. By doing this, we are assuming that the αq,m,s parameter will act as the spline

coefficient for the reference spline at k∗. We are then able to calculate the remaining

spline coefficients from the reference index (k∗) using the estimated δq,m,s.

βq,m,s,k =


αq,m,s k = k∗,

βq,m,s,k+1 − δq,m,s,k k < k∗,

βq,m,s,k−1 + δq,m,s,k−1 k > k∗,

�� ��4.3

where, αq,m,s is the most recently observed supply share, on the logit scale, for sector s ,

method m, in population q. This parameter is estimated hierarchically. The geographical

set-up of this estimation process adapts to match the administrative level of interest. For

example, the subnational multi-country models contain an additional layer of geography

(world > subcontinent > country > province) in the hierarchical set-up that the na-

tional models don’t have, which accounts for the subnational administration levels.

k is the knot index along the set of basis splines Bq,k(t)

k∗ is the index of the knot that corresponds with t∗, the year index where the most recent

survey occurred in population q.

δq,m,s,k−1 is the first order difference between spline coefficients βq,m,s,K and βq,m,s,K−1.

These reflect the changes in method supply shares over time. Within each sector, the

first-order differences are assumed to be correlated between methods. These correlations
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were estimated using a maximum a posteriori estimator for the correlation matrix first de-

scribed in Azose and Raftery, 2018 [4] and adapted for method supply shares in Comiskey

et al.,2023. These estimated correlations are available as data for both the national and

subnational models. Please see the Data section of this chapter for more details.

Model type Parameter name Parameter purpose

Multi-country national

P
The method supply share proportions (φc,t,m,s)

for all countries, methods and sectors.

beta.k
The set of spline coefficients for (βc,m,s,k)

for all countries, methods and sectors at each knot.

alpha cms
The intercept term (αc,m,s)

for all countries, methods and sectors.

delta.k
The first order differences between spline coefficients ((δc,m,s,k))

across all knots for all countries, methods and sectors

Single-country national

P
The method supply share proportions (φc,t,m,s)

for all countries, methods and sectors.

alpha cms
The intercept term (αc,m,s) for

the country of interest c, across all methods and sectors.

inv.sigma delta
The precision matrix used in the

multivariate normal prior of δc,1:M,s,k

beta.k
The set of spline coefficients (βc,m,s,k) for

the country of interest c, across all methods and sectors at each knot.

Multi-country subnational

alpha pms
The intercept term (αp,m,s)

for all subnational provinces, methods and sectors.

alpha cms

The intercept term (αc,m,s)

for all countries, methods and sectors.

αc[p],m,s is the expected value of αp,m,s.

inv.sigma delta
The precision matrix used in the

multivariate normal prior of δp,1:M,s,k

tau alpha pms
The sector-specific precision

associated with αp,m,s

beta.k
The set of spline coefficients (βp,m,s,k)

across all subnational provinces, methods and sectors at each knot.

delta.k
The first order differences between spline coefficients

across all knots (δp,m,s,k) for all provinces, methods and sectors.

Single-country subnational

P
The method supply share proportions (φp,t,m,s) for the

subnational provinces in the country of interest, for all methods and sectors.

alpha pms
The intercept term (αp,m,s) for the

subnational provinces in the country of interest, for all methods and sectors.

beta.k

The set of spline coefficients (βp,m,s,k)

for the subnational provinces in the country of interest,

across all methods and sectors at each knot

Table 4.5: This table summarises the purpose of each parameter within each of the four

models described in the mcmsupply R package. The four types of model are listed in

the ’Model type’ column. For each model, the parameters listed in the ’Parameter name’

column are the default parameters monitored when the argument jagsparams=NULL is

used within the run jags model function. The ’Parameter purpose’ column explains the

role each parameter plays within the estimation process and the notation can be linked

directly to the ’Model overview’ section of this chapter.
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4.6.1 Model fitting

The run_jags_model function fits the selected JAGS model to the supplied data and

returns a list of MCMC samples and point summaries for the time-period and loca-

tions of interest. Initial set-up arguments (national, local, mycountry) are inherited

from the specification of the previous get_modelinputs function. The additional inputs

of this function are summarised in Table 4.6. The jagsdata argument of this func-

tion is a list of initial set-up arguments and JAGS model inputs gathered from the

get_modelinputs function. jagsparams is a vector of strings that name the model

parameters the user wishes to monitor within the JAGS model. The default is NULL.

When jagsparams = NULL, the function will refer to a stored vector of parameters to

monitor (Table 4.5). The JAGS parameters of n_iter = 80000, n_burnin = 10000 and

n_thin = 35 ensure that the model has converged and that the final posterior sample

size is 2000 samples. The function get_point_estimates takes the chains produced

by the JAGS model and estimates the median, 80%, and 95% credible intervals. The

get_point_estimates function runs automatically inside the run_jags_model function

and returns the point summaries as part of the run_jags_model function output. The

run_jags_model function returns a list containing the JAGS output of the model and

the point summaries for the estimates.

Argument Data type Description

jagsdata List

The output of the get modelinputs function.

A list of the initial set-up arguments and the JAGS inputs

required using the data.

jagsparams Vector

A string vector of model parameters to be monitored.

Default is NULL.

NULL invokes a standard vector to be used.

n iter Numeric
Number of iterations you wish to run your JAGS model for.

Default is 80000.

n burnin Numeric
Number of burn-in samples you wish to run your JAGS model for.

Default is 10000

n thin Numeric
Number of samples you wish to thin your JAGS sample by.

Default is 35.

Table 4.6: The arguments of the run jags model function. The purpose of this function is

to run the Bayesian hierarchical models stored within the mcmsupply package for either

single- or multi-country datasets at the administration level of interest. The argument

name and data type of the argument is stated, a description and any default values of the

argument are then provided.
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Model output

The user then runs the function plot_estimates. This function visualises the point

estimates with uncertainty alongside the data using the initial set up inputs of the

get_modelinputs function and the output of the run_jags_model function (Table 4.6).

The plot_estimates function returns a list of ggplot2 objects, one for each country (when

using the national model) or subnational region (when using the subnational model).

Argument Data type Description

jagsdata List
A list of the initial set-up arguments and the JAGS inputs required

using the data retrieved in the get modelinputs function.

model output List
The object assigned to store the list of MCMC results and estimate

summary output from the run jags model function.

Table 4.7: The arguments of the plot estimates function. The purpose of this function is

to plot the data alongside the model estimates so that users can visualise their estimated

method supply shares. The argument name and data type of the argument is stated, a

description of the argument is then provided.
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National administration level data:
This data has a geographic breakdown to the country-level and no 
further. It only considers the contraceptive method supply shares 

reflective of the entire nation.

Multi-country estimation: 
Estimate the contraceptive method 
supply shares for all the countries 

present in the data simultaneously.

Example national-level multi-
country estimation:
cleaned_natdata <-
get_data(national=TRUE)

pkg_data <-
get_modelinputs(startyear=199
0, endyear=2025.5, 
nsegments=12, raw_data = 
cleaned_natdata)

mod <-
run_jags_model(jagsdata = 
pkg_data, jagsparams = NULL, 
n_iter = 80000, n_burnin = 
10000, n_thin = 35)

plots <-
plot_estimates(jagsdata = 
pkg_data, model_output = mod) 

Single-country estimation: 
Estimate the contraceptive method 
supply shares for one country only.

Example national-level 
single-country estimation:
cleaned_natdata <-
get_data(national=TRUE, 
local=TRUE, 
mycountry="Nepal")

pkg_data <-
get_modelinputs(startyear=199
0, endyear=2025.5, 
nsegments=12, raw_data = 
cleaned_natdata)

mod <-
run_jags_model(jagsdata = 
pkg_data, jagsparams = NULL, 
n_iter= 20000, n_burnin = 
2000, n_thin = 9)

plots <-
plot_estimates(jagsdata = 
pkg_data, model_output = mod) 

Subnational administration level data:
This data has a geographic breakdown to the province-level. It only 
considers the contraceptive method supply shares reflective of the 

subnational provinces within a country.

Multi-country estimation: 
Estimate the contraceptive method supply 
shares for the provinces in every country  

present in the data simultaneously.

Example subnational-level 
multi-country estimation:
cleaned_data <-
get_data(national=FALSE)

pkg_data <-
get_modelinputs(startyear=1990, 
endyear=2025.5, nsegments=12, 
raw_data = cleaned_data)

mod <- run_jags_model(jagsdata
= pkg_data, jagsparams = NULL, 
n_iter = 80000, n_burnin = 
10000, n_thin = 35)

plots <-
plot_estimates(jagsdata = 
pkg_data, model_output = mod)

Single-country estimation: 
Estimate the contraceptive method 

supply shares for the provinces in one 
country only.

Example subnational-level 
single-country estimation:
cleaned_data <-
get_data(national=FALSE, 
local=TRUE,             
mycountry="Nepal")

pkg_data <-
get_modelinputs(startyear=1990
, endyear=2025.5, 
nsegments=12, raw_data = 
cleaned_data)

mod <- run_jags_model(jagsdata
= pkg_data, jagsparams = NULL, 
n_iter = 40000, n_burnin = 
10000, n_thin = 15)

plots <-
plot_estimates(jagsdata = 
pkg_data, model_output = mod)

Figure 4.2: A flow chart to illustrate the decision processes that lead to the different

estimation types within the mcmsupply package. The first decision is with respect to the

administrative level of the estimates you wish to create – they may be either national

level or subnational level. An explanation of each division is found on the first row of

the figure. The second decision is with respect to the number of countries you wish to

estimate – the user may estimate the proportions for all the countries at once or only one

country. An explanation of each in the context of the specific administrative division is

found on the second row of the figure. A set of sample functions used to estimate and

plot the estimates for each modelling option are located on the third row of the figure

4.7 Use cases

4.7.1 Case 1: Estimating contraceptive method supply shares at the national admin-

istration level for multiple countries simultaneously

The first use case describes how the user can estimate modern contraceptive method

supply shares at the national administrative level over time for multiple countries at once

(i.e., using the multi-country national model).

This use case is described in multi_national_mod found in the vignettes folder.

This vignette takes approximately 12 hours to run on a machine with 1.6 GHz Dual-Core

Intel Core i5 processor and 8GB of RAM. The national_FPsource_data dataset contains

observations for 30 countries. The user begins by accessing the national_FPsource_data
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dataset through the get_data function with the argument national=TRUE, and the re-

maining arguments sets to their default values, to indicate that they are interested in

national-level data for the FP2030 countries present in the data.

cleaned_natdata <- get_data(national=TRUE)

Next, this data is supplied to the get_modelinputs function. This function reshapes

the data into a list of inputs for the JAGS model. At this point, the user must indicate the

start and end years they wish to estimate between. The n_segments argument controls

how many knots will be used in the basis functions. The default number of segments

is 12. Lastly, the cleaned national data from the get_data function is provided to the

get_modelinputs function via the raw_data argument.

pkg_data <- get_modelinputs(startyear=1990,

endyear=2025.5,

nsegments=12,

raw_data = cleaned_natdata)

This list of data and model inputs is then fed into the JAGS model via the run_jags_model

function. In this instance, the user wishes to monitor the default set of parameters within

the JAGS model. Therefore, they set the ‘jagsparams‘ argument to ‘NULL‘, which in-

vokes the function to use the default list. The parameters for running the JAGS model

are set via the n_iter, n_burnin and n_thin arguments. As part of the run_jags_model

function, the median and 80% and 95% credible intervals for the estimates are calculated.

mod <- run_jags_model(jagsdata = pkg_data,

jagsparams = NULL,

n_iter = 80000,

n_burnin = 10000,

n_thin = 35)

The final JAGS model output and the summary estimates are returned as a list. These

summary estimates are visualised via the plot_estimates function using the R package

ggplot2 (Figure 4.3).

plots <- plot_estimates(jagsdata = pkg_data,

model_output = mod)

It is also possible to pull out the model estimates for a given country and year that a

user may be particularly interested in. In this case, the user utilises the pull_estimates

function, supplying the model output, country name and year of interest.
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estimates_2018 <- pull_estimates(model_output = mod, country=’Nepal’, year=2018)
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Figure 4.3: The plotted posterior point estimates for each of the three sectors (public

in blue, private commercial medical in grey, and private other in gold) for Nepal at the

national administrative level over time with the 80% and 95% uncertainty interval denoted

as shaded regions. The survey observations are plotted as points with their associated

standard error, plotted as vertical lines. This plot was produced using a multi-country

set up of the mcmsupply functions.

4.7.2 Case 2: Estimating contraceptive method supply shares at the national admin-

istration level for a single-country

This case considers when the estimates at the national administration level are required

for only one country. Rather than running a multi-country model, which takes several

hours, a quicker alternative is the single-country approach, which takes only a few minutes.

The main difference between the multi-country and single-country model outputs is that
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the model estimates of the single-country models have slightly larger uncertainty. This is

especially evident where data is absent for a particular method. For example in Figure 4.3,

the width of the 95% credible intervals over time for implants estimated by the multi-

country national model are smaller than those estimated in the single-country model

(Figure 4.4). The arguments local and mycountry control the single-country estimation

models in mcmsupply. The user begins as by retrieving the data for Nepal only using the

get_data function. They set local=TRUE and specify which country they are interested

in by setting mycountry=Nepal.

cleaned_natdata <- get_data(national=TRUE,

local=TRUE,

mycountry="Nepal")

These arguments are the only discernible differences in the commands for users, the

rest of the workflow is as described above in Case 1. A complete workflow for this use case

can be found in vignettes/local_national_mod. The single-country model produces

model estimates that align with those estimated by the multi-country estimation model.
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Figure 4.4: The plotted posterior point estimates for each of the three sectors (public

in blue, private commercial medical in grey, and private other in gold) for Nepal at the

national administrative level over time with the 80% and 95% uncertainty interval denoted

as shaded regions. The survey observations are plotted as points with their associated

standard error, plotted as vertical lines. This plot was produced using a single-country

set up of the mcmsupply functions.

4.7.3 Case 3: Estimating contraceptive method supply shares at the subnational

administration level for multiple countries simultaneously

The use case for estimating the contraceptive supply shares via a multi-country model for

the subnational administration division is given by the vignette subnational_multinational _models.

This vignette takes approximately 24 hours to run on a machine with 1.6 GHz Dual-Core

Intel Core i5 processor and 8GB of RAM. The dataset contains observations for 225

subnational divisions, across 23 countries. The user begins by calling the multi-country
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dataset at the subnational administration level via the ‘national‘ argument.

cleaned_subnatdata <- get_data(national=FALSE)

The remaining workflow is the same as described above in Case 1 and is not shown here.

A complete workflow for this use case can be found in vignettes/subnational_multinational_models.

4.7.4 Case 4: Estimating contraceptive method supply shares at the subnational

administration level for a single-country

This use case is for considering use of the single-country model at the subnational adminis-

trative division. The user begins by retrieving the data for Nepal using the get_data func-

tion by setting the arguments national=FALSE, local=TRUE and mycountry="Nepal".

cleaned_data <- get_data(national=FALSE,

local=TRUE,

mycountry="Nepal")

As in the previous use cases, the JAGS model is run and point summaries are cal-

culated via the run_jags_model function. The visualisations for the subnational regions

of Nepal are returns as a list via the plot_estimates function. An example of these

visualisations is given in Figure 4.5, where the estimated median method supply shares

for Central region of Nepal are plotted with 80% and 95% credible intervals over time in

each of the methods.

70



4.7. USE CASES

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Commercial_medical Other Public

Central, Nepal

Figure 4.5: The plotted posterior point estimates for each of the three sectors (public

in blue, private commercial medical in grey, and private other in gold) taken from the

subnational single-country population for the Central region of Nepal over time with

both 80% and 95% uncertainty denoted as corresponding shaded regions. The survey

observations are plotted as points with their associated standard error, plotted as vertical

lines.

4.7.5 Case 5: Estimating contraceptive method supply shares at the national/subna-

tional administration level for a single-country using custom data

It is possible to include custom datasets when estimating contraceptive method supply

shares at either the national or subnational administration level. The set-up for using

custom data is very similar to the above processes, with a small difference in the data

retrieval step using the get_data function. When using a custom dataset, the user defines

the location of the ‘.xlsx‘ file containing the custom data.
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cleaned_data <- get_data(national=FALSE, local=TRUE,

surveydata_filepath = "inst/data-raw/my_custom_data_good.xlsx",

mycountry="Ethiopia")

The file must be in ‘.xlsx‘ format and match the layout of either the national_FPsource_data

or subnat_FPsource_data, depending on your desired administration level. The get_data

function will carry out a series of internal checks to ensure the custom data matches the

stored data layout. If the custom data is not suitable, the get_data function will return

an error and a message to the user describing the issue with the custom data. Once the

custom data checks are complete and passed, the regular workflow for fitting an mcmsup-

ply model continues. The JAGS model inputs are retrieved using the get_modelinputs

and the JAGS model is fit using run_jags_model. The summary estimates are plot-

ted using the plot_estimates function without any further changes to the workflow.

A vignette of how to run the subnational model using a custom dataset can be found

vignettes/subnational_local_customdata_models.

4.8 Discussion

In this chapter we have introduced the package mcmsupply. The primary purpose of

this package is to estimate and project modern contraceptive method supply shares from

the public, private commercial medical and private other sectors with uncertainty, for

a selection of countries participating in the FP2030 initiative. The mcmsupply package

produces estimates within the period of available Demographic and Health Survey data

for a given country, as well as projections beyond the most recent data point. The package

uses either stored DHS survey data or custom user-supplied survey data as inputs to the

modelling process. The package implements four model types. These models vary by the

administration level of their outcome estimates (national or subnational administration

level) and dataset type utilised in the estimation (multi-country or single-country con-

traceptive market supply datasets). The modelling framework uses penalised splines to

capture temporal nature of the data. These splines utilise correlations between changes in

method supply shares that exist within the data. Using splines informed by cross-method

correlations allows us to capture the complex shape of the data without over-fitting.

Bayesian hierarchical estimation is another key element of this model estimation process.

We take advantage of the geographical nature of the data, such that the expected sector,

province (subnational level) or country (national level), method-specific supply shares

are informed based on the existing geographical structures in the data. This promotes

information sharing across locations, and better inform estimates in areas where smaller

amounts of data are present. Case studies illustrate how to use the mcmsupply for each of
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the four potential modelling routes, as well as how to estimate contraceptive method sup-

ply shares using custom user-supplied data. At the national level, there is no discernible

difference between the multi-country model estimates (Figure 4.3) and the single-country

model estimates (Figure 4.4). In case study 4, we see that the single-country subnational

model estimates are more influenced by the priors than at the national-level. This is

evident in the estimation of implants, in Figure 4.5. In this instance, the multi-variate

normal prior used to rates of change between spline coefficients is informed by the glob-

ally estimated variance-covariance matrix. The globally estimated variance parameter for

implants is small, as such the model estimates are more constrained around the expected

value (the most recently observed survey level). In addition, the calculated standard error

terms for Central Nepal are very large causing the model estimates to be driven more by

the prior, than the data. For a complete explanation of all the modelling approaches used

in this R package, we direct the reader to Chapter 5, Appendix B.

The mcmsupply package has many benefits to users. Firstly, it is the first of it’s kind

to produce annual estimates with uncertainty for monitoring contraceptive method supply

shares over time at the national and subnational levels. On average, most countries carry

out DHS surveys every 5-6 years, but in some instances the wait time between surveys may

be even longer [74]. The family planning community use contraceptive method supply

shares to evaluate the stability and sustainability of a given country’s contraceptive market

[8]. Contraceptive method supply share estimates are also pivotal in effectively managing

contraceptive commodity supply-chains through a ’total market approach’ (TMA). A

TMA approach to the family planning supply market seeks to engage the public, private

commercial, and other sectors in a country to increase family planning users access to

vital information, products, and services [55] [72]. Prior to this package, individuals

who required contraceptive method supply shares for a given country relied on estimates

from the most recent DHS survey in the country, regardless of it’s its age. The mcmsupply

package alleviates this issue and provides the family planning community annual estimates

with uncertainty for these contraceptive method supply shares. Secondly, contraceptive

method supply shares estimates are not only a stand -alone family planning indicator but

are also used in the calculation of an another indicator, estimated modern use (EMU) [79].

EMUs aim to measure the proportion of women, aged 15 to 49 years old , who are currently

using any modern method of contraception, and are derived from routinely collected family

planning service statistics [79]. Currently, EMU calculations depend on an adjustment

that relies on the most recent DHS survey to provide estimates of the contraceptive

supply share market in a given country. Now this adjustment can instead rely on the

annual estimates and projections with uncertainty produced by the mcmsupply package.

This can serve to improve the overall accuracy of EMUs with respect to their ability to
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accurately measure modern contraceptive use. In addition, given the probabilistic nature

of the mcmsupply estimates the associated uncertainty can be propagated into the EMU

calculations.

The last key benefit of the mcmsupply package is the speed at which the user is able

to access individual countries supply share estimates. Using the single-country models,

at either the national or subnational level, provides users with annual estimates of the

method supply shares with uncertainty within minutes. This fast estimation approach is

computationally efficient while still producing reliable estimates. Using priors informed

by multi-country model subcontinental and country-level median parameter estimates,

this modelling approach is robust to spurious parameter estimates even when estimating

supply shares for countries with fewer surveys available. This computational efficiency

without a loss of model accuracy makes the mcmsupply package user-friendly and efficient

for regular data analysis.

The mcmsupply is not without its limitations. We remark that the implementation of

these models in JAGS have not been optimised. The multi-country models at the na-

tional and subnational levels take hours to run and are intensive on computer memory

and CPU. Hence, improvements such as matrix operations rather than for-loops would

greatly improve the computation efficiency of this package. Improving the package’s com-

putational efficiency would not only make it more appealing to users, but also make it

more energy efficient. Given the current climate and energy crisis the world finds itself

in, this improvement is of vital importance [65]. Another limitation of this package is

that in methods without any survey information, the uncertainty intervals tend to be

large. This is especially evident in the single-country models where in the absence of

data for a given method, the uncertainty of the associated estimates is even larger than

that of the corresponding multi-country model estimates. These limitation inspires our

future work, where we seek to improve the computational efficiency of these models. We

would also like to investigate the potential for incorporating additional covariates into

the models, such as average method pricing for each sector, to improve the uncertainty

of model estimates and projections where no DHS survey data is available. Lastly, we

wish to design an R-shiny app that promotes the use of these model estimates among

statistical non-experts within the family planning community.

4.9 Conclusions

mcmsupply is an R package that estimates the modern contraceptive method supply

shares at the national and subnational administrative divisions over time for countries

participating in the Family Planning 2030 initiative. The package provides the user an

74



4.9. CONCLUSIONS

easy and accessible way to produce annual estimates with uncertainty using Bayesian

hierarchical penalised spline models with cross-method correlations at the national and

subnational administration levels. These annual estimates with uncertainty may act as a

stand-alone family planning indicator of the stability of the modern contraceptive supply

market or be used to produce alternative family planning indicators, such as estimated

modern use (EMUs) using service statistics [79]. To the best of our knowledge, the package

is the first of its kind to estimate these supply shares at both administrative levels.

Using an R package to disseminate this work aligns with the findability, accessibility,

interoperability, and reusability (FAIR) principles of scientific data [93]. The data used

in the package is cited and explained thoroughly, the code is commented and easy to

understand should a user wish to tweak or review any functionalities, and finally it is

reusable by the very nature of the R package.
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5
Appendix B: Mathematical description of process to

estimate and project contraceptive method supply

shares at national and subnational administration

levels over time using Bayesian hierarchical

penalised splines

5.1 Introduction

This document is a summary of the extensions made to the model described in Comiskey

et al., (2023) [16]. Described below are the statistical models used to estimate national

and subnational contraceptive method supply shares over time using Bayesian hierarchical

penalised spline models with multi-country and single-country datasets. These models are

utilised in the mcmsupply R package [17].

5.2 Terminology

Contraceptive method supply shares: The proportion of modern contraceptives supplied

by the public, private commercial medical and private other sectors over time.

Multi-country national model : This model estimates the contraceptive method supply

shares at the national administration level over time for many countries simultaneously.

Single-country national model : This model estimates the contraceptive method supply

shares at the national administration level over time for a single country.

Multi-country subnational model : This model estimates the contraceptive method supply
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shares at the subnational administration level over time for many countries simultane-

ously.

Single-country subnational model : This model estimates the contraceptive method supply

shares at the subnational administration level over time for a single country.

5.3 Overall set-up

The outcome of interest is the components of a compositional vector

φq,t,m = (φq,t,m,s=1, φq,t,m,s=2, φq,t,m,s=3)

where, φq,t,m,s is the proportion supplied by the public sector (s =1), the private com-

mercial medical sector (s=2) and the other private sector (s=3) of modern contraceptive

method m, at time t, in population q (national or subnational).

We begin by defining a regression model for φq,t,m,1. The logit-transformed proportion,

logit(φq,t,m,1), is modelled through a latent variable ψq,t,m,1, with a penalized basis-spline

(P-spline) regression model:

logit (φq,t,m,1) = ψq,t,m,1 =
K∑
k=1

βq,m,1,kBq,k(t),
�� ��5.1

where,

ψq,t,m,1 is the latent variable capturing the logit proportions of the public sector (s=1)

supply share of method m, at time t, in population q. Bq,k(t) refers to the kth basis

function evaluated in population q, at time t . βq,m,1,k is the kth spline coefficient for the

public sector supply (s=1) of method m in population q.

Similarly, we model the latent variable, ψq,t,m,2, to capture the logit-transformed ratio

of the private commercial medical supply share to the total private sector share. The

model is specified as follows:

logit

(
φq,t,m,2

1− φq,t,m,1

)
= ψq,t,m,2 =

K∑
k=1

βq,m,2,kBq,k(t),
�� ��5.2

where, βq,m,2,k is the kth spline coefficient for the ratio of private commercial medical

sector (s=2) to total private sector for method m in population q.
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The basis functions Bk(t) are constructed using cubic splines. The basis are fitted

over the years 1990 to 2025. We align the knot placement of the basis splines with the

most recent survey year in each country. As the most recent survey year varies by country

(in the case of national-level data) or province (in the case of subnational data), the basis

splines Bq,k(t) also vary by location.

To estimate the spline coefficients, βq,m,s,k, we use a random walk model of order 1 on

spline coefficients such that the first-order differences, δq,m,s, are penalized. This model

choice is motivated by prior work that used constant projections past the most recent

data point [79]. The δq,m,s vector is of length h where h=K-1, and K is the total number

of knots used in the set of basis functions. It is defined as,

δq,m,s = (βq,m,s,2 − βq,m,s,1, βq,m,s,3 − βm,s,2, ...., βm,s,K − βq,m,s,K−1).
�� ��5.3

We assume that in population q, for method m and sector s, the value of spline

coefficient at knot index k*, aligning with the year t*, the most recent survey available,

is αq,m,s. By doing this, we are assuming that the αq,m,s parameter will act as the spline

coefficient for the reference spline at k*. We are then able to calculate the remaining

spline coefficients from the reference index (k*) using the estimated δq,m,s.

βq,m,s,k =


αq,m,s k = k∗,

βq,m,s,k+1 − δq,m,s,k k < k∗,

βq,m,s,k−1 + δq,m,s,k−1 k > k∗.

�� ��5.4

Where,

αq,m,s is the most recently observed supply share on the logit scale for sector s , method

m, in population q. This proxies as an intercept in the model.

k is the knot index along the set of basis splines Bq,k(t)

k∗ is the index of the knot that corresponds with t∗, the year index where the most recent

survey occurred in population q.

δq,m,s,k−1 is the first order difference between spline coefficients βq,m,s,K and βq,m,s,K−1

We assume a smooth transition between spline coefficients. Thus, we centre our

rates of change, δq,1:M,s,k , on 0, with a variance-covariance matrix, Σδs , that captures

the correlations that exist between the rates of change in supply shares for each pair of

methods.

δq,1:M,s,h | Σδs ∼MVN(0,Σδs),
�� ��5.5

From the latent variable vector, ψq,t,m, it is possible to infer the compositional vector
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φq,t,m, such that,

φq,t,m,1 = logit−1 (ψq,t,m,1) ,

φq,t,m,2 = (1− φq,t,m,1) logit−1 (ψq,t,m,2) ,

φq,t,m,3 = 1− (φq,t,m,1 + φq,t,m,2) .

�� ��5.6

At the national level, the likelihood of the logit-transformed observed data, logit(Yi), the

observed logit-transformed proportions of modern contraceptive method supplied by the

public and commercial medical sectors (s=1 and s=2) for method m, at time t in country

c, are modelled using Multivariate Normal distributions such that,

logit(Yi) | logit(φc[i],t[i],m[i],s=1:2) ∼MVN(logit(φc[i],t[i],m[i],s=1:2),ΣYi),
�� ��5.7

Where, logit(φc[i],t[i],m[i],s=1:2) is the vector of logit-transformed public (s=1) and pri-

vate commercial medical (s=2) supply proportions for the country, time-point, method

associated with observation i.

The variance-covariance matrix, ΣYi , utilizes the standard errors (SE) and covariances

calculated using the DHS survey microdata associated with the logit-transformed ob-

servations, logit(Yi). Details of the delta-method transformation can be found in the

appendix (Chapter 3, section 4).

At the subnational level, the likelihood of the logit-transformed observed data, logit(yi),

the observed logit-transformed proportion of modern contraceptive method supplied by

the public and commercial medical sectors (s=1 or s=2) for method m, at time t are

modelled using Normal distributions, such that,

logit(yi) | logit(φq[i],t[i],m[i],s[i]) ∼ N(logit(φq[i],t[i],m[i],s[i]), SE
2
i ).

�� ��5.8

Where,

logit(φq[i],t[i],m[i],s[i]) is the logit-transformed supply proportion for the population q, time

t, method m, and sector s associated with observation i.

The variance, SE2
i , utilizes the standard error (SE) calculated using the DHS survey

microdata associated with logit-transformed observation yi. The variance is transformed

onto the logit scale using the delta-method [13].
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MODELS USING MULTI-COUNTRY AND SINGLE-COUNTRY DATASETS

5.4 Estimating parameters for national and subnational models

using multi-country and single-country datasets

Summaries of the national and subnational-level models can be found in Figure 5.1 and

Figure 5.2. A table of parameters and their interpretations can be found in Table 5.1.

5.4.1 Modelling αq,m,s hierarchically with a multi-country dataset

In this approach, we take advantage of the geographic nature of the dataset. We pool

data to estimate precise intercepts at higher geographic levels that then go on to inform

more granular level intercepts, until we reach our geographic level of interest (national or

subnational), where less data is present.

National-level model

At the national-level, the hierarchical distributions to capture the most recently observed

DHS level in country c, for method m, supplied by sector s, are given by:

αcountryc,m,s | θsubcon.r[c],m,s, σ
2
α,s ∼ N

(
θsubcon.r[c],m,s, σ

2
α,s

)
,

θsubcon.r,m,s | θworldw,m,s, σ
2
θ,s ∼ N

(
θworldw,m,s, σ

2
θ,s

)
,

θworldw,m,s ∼ N
(
0, 102

)
,

σα,s ∼ Cauchy (0, 1)+ ,

σθ,s ∼ Cauchy (0, 1)+ .

�� ��5.9

Where, the geographic hierarchy begins at the world level θworldw,m,s, which informs the

subcontinental intercepts, θsubcon.r,m,s , which in turn inform individual country intercepts,

αcountryc,m,s . Vaguely informative Cauchy priors are given to the standard deviation terms of

the country- and subcontinental- terms [31]. The standard deviation terms capture the

cross-country (σα,s) and cross-subcontinent (σθ,s) variation within the data.

Subnational-level model

At the subnational-level, we include an additional layer of geographic intercepts to capture

the most recently observed DHS level in subnational province p, for method m,supplied

by sector s. While, we use the same notation to explain the hierarchical set up of this

approach, the estimates of the country-level and above parameters will be different from

the national-level model to the subnational-level model. In the subnational instance, the

hierarchical distributions are given by:
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αprov.p,m,s | α
country
c[p],m,s , σ

2
αp,s ∼ N

(
αcountryc[p],m,s , σ

2
αp,s

)
,

αcountryc,m,s | θsubcon.r[c],m,s, σ
2
αc,s ∼ N

(
θsubcon.r[c],m,s, σ

2
αc,s

)
,

θsubcon.r,m,s | θworldw,m,s, σ
2
θ,s ∼ N

(
θworldw,m,s, σ

2
θ,s

)
,

θworldw,m,s ∼ N
(
0, 102

)
,

σαp,s ∼ Cauchy (0, 1)+ ,

σαc,s ∼ Cauchy (0, 1)+ ,

σθs ∼ Cauchy (0, 1)+ .

�� ��5.10

In this instance, we mirror the geographic hierarchy of the national model, and add

an additional layer to reflect the province-level intercepts, αprov.p,m,s, of the subnational level

model, and cross-provincial variation (σαp,s).

5.4.2 Modelling αq,m,s using informative priors with a single-country dataset

In this approach, priors for higher-population level intercept parameters are informed

from the multi-country national- or subnational-level models (i.e., the models that used

multi-country datasets).

National-level model

αcountryc,m,s is the national-level intercept for country c, method m and sector s, informed

by the posterior median estimates of the subcontinental level model interceptand the

associated variance parameter estimated from the multi-country national model, such

that

αcountryc,m,s | θ̂subcon.r[c],m,s, σ̂
2
αc,s ∼ N

(
θ̂subcon.r[c],m,s, σ̂αc,s

)
,

�� ��5.11

where, θ̂subcon.r[c],m,s is the posterior median UNSD subcontinental population intercept for re-

gion r, method m, sector s, associated with country c estimated from the national-level

multi-country model and σ̂2
αc,s is the posterior median of the sector specific cross-country

variation associated with the αc,m,s intercept estimated from the national-level multi-

country model.

Subnational-level model

αprov.p,m,s is the subnational-level intercept for subnational province p, method m, sector s,

informed by the posterior median estimates of the country-level model interceptand the
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associated variance parameter estimated from the multi-country subnational model, such

that

αprov.p,m,s | α̂countryc,m,s , σ̂2
αp,s ∼ N

(
α̂countryc,m,s , σ̂2

αp,s

)
,

�� ��5.12

where, α̂countryc[p],m,s is the posterior median national-level population intercept for country

c, method m, sector s, associated with the subnational province p, estimated from the

subnational-level multi-country model and σ̂2
αp,s is the posterior median of the cross-

province variation associated with the αp,m,s intercept estimated from the subnational-

level multi-country model.

5.4.3 Modelling Σδs using cross-method correlations with a multi-country dataset

In this approach, we decompose the Σδs into its variance and correlation matrices and

estimate the components separately. This is a two-model run approach which involves

estimating the correlations using a model run with correlations set to 0.

For both the national and subnational models, a multivariate normal prior centred on

0 was assigned to the vector of length M of first-order differences of the spline coefficients,

δq,1:M,s,h, for population q (national or subnational), using all methods supplied by sector

s at first-order difference h,

δq,1:M,s,h | Σδs ∼MVN(0,Σδs),
�� ��5.13

where,

Σδs =



σ2
δ1,s

ρ̂1,2,Sσδ1,Sσδ2,s . . . . . . ρ̂1,M,Sσδ1,sσδM,S

ρ̂2,1,sσδ2,sσδ1,s σ2
δ2,s

. . . . . . ρ̂2,M,Sσδ2,sσδM,s

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

ρ̂M,1,sσδM,s
σδM,s

. . . . . . . . . σ2
δM,s


.

�� ��5.14

The correlation terms of the covariance matrix, ρi,j,s, were estimated using a maximum a

posteriori estimator for the correlation matrix as described in Azose and Raftery, 2018 [4].

This approach involves fitting a model where the covariance terms in σδj,s are set equal to

zero. The national and subnational models deviate in terms of the geographic level that

they estimate these correlations at. For the national model, we estimate the correlations

based on country-level rates of change, δc,1:M,s,h, terms. This captures the correlations

across all countries. While in the subnational model, we estimate the correlations using

provincial-level rates of change, δp,1:M,s,h. In this instance, the correlations captured are

across the subnational provinces of all countries.
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National-level model

In the national model, the deviation terms of the Σδs matrix are given vague uniform

priors,

σδm,s ∼ Uniform (0, 10) .
�� ��5.15

The 0-covariance model estimates are used to estimate the correlation between methods

across time and all countries at the national-level. Specifically, for sector s, the correlation

between method i and method j is calculated as follows,

ρ̂i,j,s =

∑C
c=1

∑K−1
h=1 δ̃c,m[i],s,hδ̃c,m[j],s,h√∑C

c=1

∑K−1
h=1 δ̃

2
c,m[i],s,h

√∑C
c=1

∑K−1
h=1 δ̃

2
c,m[j],s,h

,
�� ��5.16

Where, δ̃c,m[j],s,h are the estimated first order differences of the spline coefficients for

country c, method m, sector s, at the h-th difference between spline coefficients. They are

given by the posterior medians of δc,m,s,h from the zero-covariance run, after subsetting the

period considered to periods with data within a country. C represents the total number

of countries involved in the study. K is the number of knots in the basis functions. h

represents the number of differences (h=K-1) between the spline coefficients.

Subnational model

In the subnational model, the deviation terms of the Σδs matrix are given vague Cauchy

priors. This prior is suggested as a weakly informative prior in the paper titled Prior

distributions for variance parameters in hierarchical models by Gelman, Bayesian Analysis

(2006) [31].

σδm,s ∼ Cauchy (0, 1)+ .
�� ��5.17

The 0-covariance model estimates are used to estimate the strength of the correlations

between methods across time and all provinces in all countries at the subnational-level.

Specifically, for sector s, the correlation between method i and method j is calculated as

follows,

ρ̂i,j,s =

∑P
p=1

∑K−1
h=1 δ̃p,m[i],s,hδ̃p,m[j],s,h√∑P

p=1

∑K−1
h=1 δ̃

2
p,m[i],s,h

√∑P
p=1

∑K−1
h=1 δ̃

2
p,m[j],s,h

,
�� ��5.18

Where, δ̃p,m[j],s,h are the estimated first order differences of the spline coefficients for

province p, method m, sector s, at the h-th difference between spline coefficients. They

are given by the posterior medians of δp,m,s,h from the zero-covariance run, after subset-
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ting the period considered to periods with data within each province. P represents the

total number of subnational provinces across all countries involved in the study. K is the

number of knots in the basis functions. h represents the number of differences (h=K-1)

between the spline coefficients.

5.4.4 Modelling Σδs using informative priors with a single-country dataset

For estimation of the method supply shares using a single-country national or subnational

dataset, we set Σδs as the median estimate of the MxM variance-covariance matrix from

the corresponding (national or subnational) multi-country model, Σglobal
δs

and we estimate

the first-order difference spline coefficients using a Multivariate Normal prior centred on

zero such that,

δ1:M,s,h | Σ̂global
δs

∼MVN(0, Σ̂global
δs

).
�� ��5.19

Model Parameter Interpretation

φq,t,m,s

The proportion supplied by sector s, of modern contraceptive method m,
at time t, in population q
(national or subnational).

ψq,t,m,s The latent variable used to model φq,t,m,s on the logit scale

βq,m,s,k The kth spline coefficient for sector s, method m in population q

Bq,k(t) The set of basis functions for population q, evaluated at knot k for time t.

αpop.q,m,s

The most recently observed supply share on the logit scale
for sector s , method m, in population q.
This proxies as an intercept in the model.

δq,m,s,k−1
The first order difference between spline coefficients

βq,m,s,K and βq,m,s,K−1

Σδs Variance-covariance matrix used in the MVN prior of δq,1:M,s,h

σX,s

Standard deviation terms relating to the intercept
parameter X for sector s.

X may be at the provincial-, country-, or subcontinental-level.

ρi,j,s
Correlation between the rates of change in supply shares

for method[i] and method[j] in sector s.

Table 5.1: A table of parameters names and their interpretations across the national and
subnational models. The indexing refers to sector s, of modern contraceptive method m,
at time t, in population q (national or subnational).
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6
Appendix C: Validation of the subnational Bayesian

hierarchical penalised splines model for estimating

and projecting contraceptive method supply shares

over time

6.1 Data

Data source

In this study we consider countries involved in the FP2030 initiative. A database of

administration-1 level Demographic and Health Survey (DHS) data observations for the

supply of modern contraceptive methods by the public and private sectors and their

associated standard errors was created using the Integrated Public Use Microdata Se-

ries (IPUMS) project, IPUMS-DHS [35]. Like the national-level study (Chapter 2), the

modern methods of contraception considered in this study are female sterilisation, oral

contraceptive pills (OC pills), implants (including Implanon, Jadelle and Sino-implant),

intra-uterine devices (IUD, including Copper- T 380-A IUD and LNG-IUS), and injecta-

bles (including Depo Provera (DMPA), Noristerat (NET-En), Lunelle, Sayana Press and

other injectables). The variables contained within the IPUMS-DHS database are consis-

tent over time and space. IPUMS-DHS uses integrated geography variables for a country

across sample years to address issues with subnational boundaries changing over time and

enable comparisons over time. Table 6.1 lists the 23 countries used in this study. The

total number of administration level 1 (admin-1) subnational regions, the number of DHS

surveys each country has in the database, and the year of the most recent survey in the

database is listed for each country. Just under half of the countries included have survey

data available after 2015, highlighting the need for annual up-to-date estimates of the

contraceptive supply shares.
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6.1. DATA

Country
Number of admin-1 level

subnational provinces
Number of IPUMS-DHS

surveys
Recent survey year

Benin 6 4 2017

Burkina Faso 13 4 2010

Cameroon 3 3 2004

Congo Democratic Republic 5 2 2013

Cote d’Ivoire 15 3 2011

Ethiopia 10 4 2016

Ghana 8 5 2014

Guinea 3 4 2018

India 27 4 2015

Kenya 8 5 2014

Liberia 5 2 2013

Madagascar 6 4 2008

Malawi 3 5 2016

Mali 4 5 2018

Mozambique 11 3 2011

Nepal 5 5 2016

Niger 6 4 2012

Pakistan 6 4 2017

Rwanda 7 6 2014

Senegal 4 9 2017

Tanzania 6 6 2015

Uganda 4 4 2016

Zimbabwe 10 5 2015

Table 6.1: Summary information regarding the countries considered for subnational mod-
elling. The name, number of subnational administration level 1 (admin-1) regions, the
total number of DHS surveys present in the data, and the year of the most recent DHS
survey in the data for each country are listed.

Standard error calculation

Like the standard errors of the national-level method supply share model - the standard

errors for the subnational method supply share observations were calculated using the

‘svyciprop’ function from the ‘survey’ package in R [47]. The same technique, using DHS

design factors to impute calculated standard errors when the calculated standard error is

0, used in the national-level modelling approach is applied to the subnational model. A

full description of how the standard errors are calculated and the imputation technique

used to estimate standard errors can be found in chapter 3, sections 3.1 and 3.2.

Measure
Range

(% over all methods)

Median SE size

(% over all methods)

Largest mean SE

(method, %)

Smallest mean SE

(method, %)

Result 0.0 , 22.0 3.84 OC pills 5.3 Implants 3.6

Table 6.2: Summary table for the calculated standard errors of the IPUMS-DHS

subnational-level data observations.

From Table 6.2, the calculated standard errors range from 0 to 22 percentage points.

The median standard error size across all method is 3.8 percentage points approximately.
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6.2. OUT-OF-SAMPLE VALIDATION RESULTS

On average, they tend to be largest for OC pills where the mean standard error size is

approximately 5 percentage points and smallest in implants where the mean standard

error size is approximately 4 percentage points. The calculated standard errors of the

subnational IPUMS-DHS data are larger than those calculated using the DHS national-

level data (Table 3.1) . At the national level, the median standard error (across all

methods) is 2.23%. This is almost half the size of the subnational median. Similarly, at

the national-level IUDs have the largest mean standard error (4.10%). This is almost 1%

smaller than the 5.3% observed for OC pills at the subnational level.

6.2 Out-of-sample validation results

6.2.1 Multi-country model with cross-method correlations

Sector

95%

coverage

(%)

Root mean

square error

(RMSE)

(%)

Proportion of

incorrectly estimated

observations located

above and below

the prediction interval

(PI) boundary

(%)

95%

PI width

(%)

Mean

error

(%)

Median absolute

error

(%)

Commercial

medical
95.3 15.5

Above 2.84
68.4 -2.32 7.25

Below 1.90

Other 98.1 6.13
Above 1.18

33.3 -0.17 1.0
Below 0.71

Public 97.2 15.4
Above 0.71

72.2 2.49 7.08
Below 2.13

Table 6.3: Out-of-sample validation results for the test set using multi-country subna-

tional model with cross-method correlations. Coverage is the proportion of the test set

observations that are captured within the 95% prediction interval (PI) produced by the

model. RMSE is root mean square error. The 95% PI width reflects the median PI width

for each observation estimated by the model.

The multi-country subnational model described Chapter 5 has been evaluated using var-

ious out-of-sample model validation measures to gauge its effectiveness at estimating the

method supply shares at a subnational level, while also considering the prediction inter-

vals it uses to produce these estimates. It is performing reasonably well considering the

complex nature of the data. It has an overall coverage of approximately 97%. The results

for the out-of-sample validation are found in Table 6.3. The target coverage is 95%. The

model is reasonably well calibrated to the data with the public sector having 97% cov-
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6.2. OUT-OF-SAMPLE VALIDATION RESULTS

erage and the commercial medical sector having 95% coverage. The private other sector

has 98% coverage of the test set. The public and private other sectors have coverage of

that test set that is slightly higher than expected. The private commercial medical is

showing optimal coverage at 95%. The root mean square error (RMSE) for the private

commercial medical sector and the public sector are both at approximately 15 percentage

points. The private other sector has an RMSE of approximately 6 percentage points. We

also considered where the incorrectly estimated test set observations lie with respect to

the prediction interval bounds to assess the bias of the model. In theory, if the model

is unbiased and well calibrated then we would expect an equal proportion of incorrectly

estimated observations above and below the prediction interval boundaries. Both the

commercial medical and other sector has a higher proportion of observations above the

prediction interval boundary. This would imply that the model tends to under-estimate

the observations in these sectors. In the public sector, there is a higher proportion of in-

correctly estimated test set observations below the prediction interval. This implies that

for this sector, the model tends to over-estimate the public sector. The median width

of the 95% prediction intervals is largest in the public sector at 72 percentage points.

The private other sector has the smallest median 95% prediction interval width at 33

percentage points. The mean error for the private commercial medical is approximately

-2 percentage points. The mean error for the public sector is the absolute largest of all

three sectors at approximately 2.5 percentage points. The private other sector has a mean

error of less than 1 percentage point. The median absolute error of the private commer-

cial medical sector is the largest at approximately 7 percentage points while the median

absolute error of the private other sector was the smallest at approximately 1 percentage

point.

6.2.2 Comparison of the model-based estimates to the direct estimates

In Figure 6.1, we consider the observed standard errors calculated using the IPUMS-DHS

microdata versus the corresponding standard deviations of the model-based estimates for

the proportions. From this figure, we can see that in the commercial medical and public

sectors, the estimated standard deviation terms are smaller than the observed standard

error terms calculated using the DHS microdata. For both sectors, we can see that most

of the observations have standard errors up to 15 percentage points approximately. These

same observations when estimated within the model have corresponding standard devi-

ations of approximately up to 10 percentage points. The use of this model results in a

considerable reduction in the uncertainty of these observations. The observed SEs of ap-

proximately 3 percentage points correspond to the observations where the standard errors

were imputed. The outlier observation at 25 percentage points in both the commercial
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6.2. OUT-OF-SAMPLE VALIDATION RESULTS

medical and public sector corresponds to IUDs in Maputo City, Mozambique. IUDs in

Maputo only has one observation in 1997, whereas the other methods have more recent

survey observations to inform model estimates. The lack of data for IUDs in this instance

causes the model estimates to have larger uncertainty.

Commercial_medical Other Public
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Figure 6.1: A scatter plot across the three sectors comparing the observed standard errors

calculated using the IPUMS-DHS microdata versus the corresponding standard deviations

of the model-based estimates for the proportions

In Figure 6.2, we consider the sample size with respect to the ratio of observed to

estimated proportions, both of which are on the log scale for clarity. From this figure

we see that as the sample size increases, the ratio of observed to estimated data point

tends towards 1 after approximately log(5), which corresponds approximately to a sample

size of 148. Therefore, the model’s ability to capture the observed data point increases

as the sample size associated with each observation increases. This aligns with the same

property that is seen in many small area estimation models.
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Figure 6.2: A scatter plot of the estimates with log of the sample size associated with

each of the IPUMS-DHS microdata observations on the x-axis and the log ratio of direct

to model-based estimates for the same observations on the y-axis.

6.2.3 Model comparison

Multi-country subnational model with 0-covariance

For the subnational multi-country model, we used a 0-covariance model to validate the

use of the cross-method correlations within the estimation of δq,1:M,s,h, the first-order

differences between spline coefficients. This approach is similar to that described in

Chapter 3. In this instance, the off-diagonal elements of Σδs are set to 0. The variance-

covariance matrix Σδs informs the multi-variate normal prior of δq,1:M,s,h.

As before, we describe the first-order differences between spline coefficients, δq,1:M,s,h,

using a Multi-variate Normal prior centred on 0 with variance-covariance matrix Σδs .

δq,1:M,s,h | Σδs ∼MVN(0,Σδs),
�� ��6.1
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6.2. OUT-OF-SAMPLE VALIDATION RESULTS

such that, Σδs is a diagonal matrix with 0 on the off-diagonal elements;

Σδs =



σ2
δ1,s

0 . . . . . . 0

0 σ2
δ2,s

. . . . . . 0

0 . . . . . . . . . 0

. . . . . . . . . . . . . . .

0 . . . . . . . . . σ2
δM,s


.

�� ��6.2

Having 0-covariance between the variance terms of Σδs implies that the rates of change

in method supplies act independently of one another. We compare the validation results

for this simpler 0-covariance model with the model using cross-method correlations to

investigate the impact of including cross-method correlations in the model estimation

process.

Sector

95%

coverage

(%)

Root mean

square error

(RMSE)

(%)

Proportion of

incorrectly estimated

observations located

above and below

the prediction interval

(PI) boundary

(%)

95%

PI width

(%)

Mean

error

(%)

Median absolute

error

(%)

Commercial

medical
96.4 17.4

Above 2.37
68.9 -3.02 7.35

Below 1.18

Other 98.1 6.77
Above 1.42

33.4 0.768 0.976
Below 0.474

Public 97.9 14.8
Above 0.474

72.8 2.30 7.21
Below 1.66

Table 6.4: Out-of-sample validation results for the test set using multi-country subnational

0-covariance model. Coverage is the proportion of the test set observations that are

captured within the 95% prediction interval (PI) produced by the model. The MAE is

the median absolute error. RMSE is root mean square error

The coverage of the 0-covariance model (Table 6.4) is higher than that of the cross-

method correlation model (Table 6.3). The 0-covariance model has 98% coverage in both

the public and private other sectors. The commercial medical sector has 96% coverage

(Table 6.4). The coverage of the model with cross-method correlations is Commercial

medical = 95%, Other = 98%, Public = 97% (Table 6.3).

To evaluate the bias and variance produced by the 0-covariance and cross-method

correlation models, we consider the mean errors (eq. 3.6), median absolute errors (MAE)

(eq. 3.7) and root mean square errors (RMSE) (eq. 3.5). Across all three sectors,
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6.2. OUT-OF-SAMPLE VALIDATION RESULTS

the RMSE of the 0-covariance model is larger than the cross-method correlation model.

The private commercial medical sector has the largest RMSE with an average error of

approximately 17 percentage points(Table 6.4). The RMSE of the private commercial

medical sector in the cross-method correlation model is approximately 2 percentage points

smaller at 15 percentage points (Table 6.3). In both models, the private other sector has

the smallest RMSE. In the 0-covariance model, it is approximately 7 percentage points

whereas in the cross-method correlation model it is approximately 6 percentage points.

Overall, the cross-method correlation model performs better in this model validation

measure than the 0-covariance model. In both models the mean error on the private

commercial medical sector is negative (-3.02 percentage points in the 0-covariance model

and -2.32 percentage points in the cross-method correlation model) and the mean error

of the private other and public sectors are positive. This implies that both models over-

predict the test set of the commercial medical sector and under-predict the remaining

two sectors. The median absolute errors (MAE) of both models are very similar. Both

the 0-covariance and cross-method correlation models see the largest MAE in the private

commercial medical sector (7.35 percentage points in the 0-covariance model and 7.25

percentage points in the cross-method correlation model). In both models, the private

other sector has an MAE of less than 1 percentage point (0.1 percentage points in the

0-covariance model and 0.1 percentage points in the cross-method correlation model).

When considering the median prediction interval widths, we see that the cross-method

correlation model has slightly smaller sized prediction interval widths as compared to the

0-covariance model for the commercial medical and public sectors (68 percentage points

and 72 percentage points Table 6.3; 69 percentage points and 73 percentage points Table

6.4). The median prediction interval width of the private other sector is the same in both

models at 33 percentage points.

Lastly, when considering the location of the incorrectly estimated test set observations,

the cross-method correlation model and 0-covariance models both tend to over-estimate

the public sector (as there is higher proportion of incorrectly estimated observations below

the prediction interval) and under-estimate the private commercial medical and private

other sectors (as there is higher proportion of incorrectly estimated observations above

the prediction interval) (Table 6.3) (Table 6.4).

Overall, the multi-country subnational model with cross-method correlations is the

most suitable model to describe this complex data. It captures the complex shape and

relationships without over-fitting it or missing the shape. It incorporates information

regarding the correlations between the rates of change across the contraceptive methods.

The coverage, RMSE and median 95% prediction intervals widths produced by the cross-

method correlation model are similar but slightly better than those of the 0-covariance

model. The strength of the full model is seen in the absence of data for a particular
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6.3. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

contraceptive method, where model estimates can still be informed by the behaviour of

related methods to produce realistic estimates.

6.3 Subnational multi-country model results

The model results produced by the subnational level multi-country model for the 23

countries in the data set can be found in Chapter 9.

6.4 Single-country national and subnational model validation re-

sults

We validate the single country models indirectly using the multi-country model estimates.

The idea here is that, by comparing the median estimates of the single-country model

to the validated multi-country model estimates when can get a gauge of the reliability of

our single-country model estimates. If the single-country model estimates align with the

multi-country model estimates, then they too are validated.

6.4.1 Single-country national model validation

In Figure 6.3, it is clear that the single-country national model median estimates align

approximately with the multi-country national median estimates. Therefore, we can

conclude that the single-country national model estimates are as valid and reliable as

those estimated by the multi-country national model (for national multi-country model

validation results, see Chapter 3). The estimated prediction intervals of the multi-country

national and single-country national models are very similar (Figure 6.4). This is indicated

by their alignment along the 1:1 line.
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Figure 6.3: A scatterplot comparing the median estimates of each country, method, sector,

and time point estimated by the single-country model (x-axis) and the multi-country

model (y-axis). Each panel represents a different method and each colour represents

a country. The diagonal line captures the 1:1 agreement between the two modelling

approaches.
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Figure 6.4: A scatterplot comparing the predicted prediction intervals of each country,

method, sector, and time point estimated by the single-country national model (x-axis)

and the multi-country national model (y-axis). Each panel represents a different method

and each colour represents a country. The diagonal line captures the 1:1 agreement

between the two modelling approaches.

6.4.2 Single-country subnational model validation

In Figure 6.5, we can see that when comparing the single-country estimates to the multi-

country estimates, the majority of observations fall inside the ±5% boundary. This means

that the estimates and projections produced by both models have a difference of up

to ±5%. There are few observations in IUDs that are outliers to this. These belong

to Mozambique, where there is only one survey in 1997 taken in the City of Maputo.

Therefore, we can conclude that the single-country subnational model median estimates

are as valid and reliable as those estimated by the multi-country subnational model (for

multi-country subnational model validation results, see Section 6.0.2 Model Summary).

The prediction interval widths of the single-country subnational model tend to be similar
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to the multi-country subnational model for all methods, except implants (Figure 6.6). In

the case of implants, the estimated median global variance associated with implants is

quite small, resulting in the single country model estimates tending towards the estimated

intercept. Over all methods, implants have the fewest number of observations at both the

national and subnational level. Again, in IUDs the blue cluster of observations that have

a higher estimated prediction interval in the multi-country model are associated with the

single observation in the City of Maputo, Mozambique.

IUD OC Pills

Female Sterilization Implants Injectables

0.
00

0.
25

0.
50

0.
75

1.
00

0.
00

0.
25

0.
50

0.
75

1.
00

0.
00

0.
25

0.
50

0.
75

1.
00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Single−country subnational model median

M
ul

ti−
co

un
tr

y 
su

bn
at

io
na

l m
od

el
 m

ed
ia

n

Figure 6.5: A scatterplot comparing the median estimates of each country, method, sector,

and time point estimated by the single-country subnational model (x-axis) and the multi-

country subnational model (y-axis). Each panel represents a different method and each

colour represents a country. The outer dashed lines represent the +5% and -5% from

complete agreement between the two models. The diagonal solid line capture the 1:1

agreement between the two modelling approaches.
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Figure 6.6: A scatterplot comparing the predicted prediction intervals of each country,

method, sector, and time point estimated by the single-country subnational model (x-

axis) and the multi-country subnational model (y-axis). Each panel represents a different

method and each colour represents a country. The diagonal line captures the 1:1 agree-

ment between the two modelling approaches.
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7.2 Abstract

The Family Planning 2030 (FP2030) global initiative strongly advocates for data- and

evidence-based decision making within each of the participating countries. Expanding

the use of family planning data at the country-level to annually assess family planning

indicators, such as the modern contraceptive prevalence rate (mCPR), improves reporting

processes, policies, and programs. It also enables countries to better track their progress

towards their individual family planning goals. The Family Planning Estimation Model

(FPEM) was developed to produce estimates and projections of key family planning in-

dicators, such as mCPR, over time, with uncertainty. However, the large-scale national

surveys that are used to inform FPEM estimates are carried out on average every 5 to

6 years, with some countries having even longer gaps between surveys. Consequently,

FPEM projections beyond a country’s most recent survey have larger uncertainty than

data-informed estimates. The irregularity of national survey collection and the impor-

tance of regular family planning indicator measurement has created a need for more
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readily available annual family planning data to inform FPEM estimates in the absence

of larger surveys. Estimated Modern Use (EMU) is a family planning indicator derived

from routinely collected family planning service statistics and aims to track mCPR levels.

Unfortunately, service statistics are an imperfect data source. They tend to be error-prone

and as a result, EMUs tend to have issues with variance and level-bias when compared

to estimates of mCPR. In addition, EMUs are only calculated as a point-estimate with

no associated uncertainty. In a bid to reduce the issues with level-bias and variance,

the EMU calculation process involves adjustments being made to the data. One such

adjustment, the private sector adjustment factor, accounts for potentially missing private

sector contributions to service statistics data. It relies on the most recent Demographic

and Health Survey to provide estimates of the contraceptive supply share market for a

given country. In this chapter, we propose an update to the EMU calculation process,

whereby we incorporate annual estimates and projections with uncertainty of contracep-

tive method supply shares, estimated by a Bayesian hierarchical model, into the private

sector adjustment factor calculation process. We first describe in detail the mathematics

of the EMU calculation process and our proposed update to this process. We highlight

how this update can serve to improve the overall accuracy of EMUs with respect to their

ability to accurately measure mCPR. An additional benefit of this proposed update is that

given the probabilistic nature of the Bayesian model estimates, the associated uncertainty

can now be propagated into the EMU calculations. We illustrate these benefits through

a case study in two countries, A and B. The names of these countries are withheld for

data confidentiality.

7.3 Introduction

FP2030 is a global initiative that is dedicated to advancing the rights of people everywhere

to access reproductive health services safely and on their own terms [29]. Evaluating the

success of the FP2030 initiative within a country often involves measuring the country’s

modern contraceptive prevalence rate (mCPR). mCPR is defined as the proportion of

women aged 15-49, or their partners, who are using any modern method of contracep-

tion [28]. Typically, mCPR is measured using large-scale national surveys such as the

Demographic and Health surveys (DHS) or Multiple Indicator Cluster Surveys (MICS).

However, due to rigorous collection methodologies associated with these surveys, they are

very expensive to carry out and as a result, are only collected approximately every 5 years

in most low- and middle-income countries [74]. The United Nations Population Division

uses the Family Planning Estimation Model (FPEM) to produce annual estimates with

uncertainty for mCPR and other key indicators using these large-scale national surveys

[85]. However, in some cases large gaps between survey observations can result in FP
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indicator estimates that are not data-driven [2].

The irregularity of national survey collection and the importance of regular family

planning indicator measurement has created a need for more readily available annual

family planning data. Service statistics are a readily available annual data source that

is collected as a by-product of carrying out family planning services. The data collected

contains information on family planning users, family planning facility visitors, and the

numbers of contraceptive commodities distributed to facilities and users. Service statis-

tics have high geographic detail, low collection costs and are frequently reported, making

them a desirable data source for family planning programs. However, service statistics

are an imperfect data source. Since they are not intentionally planned and designed for

directly estimating FP indicators, such as in a national survey, they are susceptible to

errors when used to measure indicators of interest. In addition, service statistics can have

limited coverage of the private sector’s contribution to family planning service delivery.

Consequently, they do not have complete coverage of the contraceptive users popula-

tion. As a result, estimates derived from service statistics have issues with level bias

when tracking family planning indicators estimated using national surveys, and tracking

mCPR using service statistics is no exception to this issue [49].

Estimated modern use (EMU) is a family planning indicator, derived from service

statistics, that measures modern contraceptive use in a given country [79]. EMUs are

not a stand-alone family planning indicator, instead they are designed to enable countries

to approximate and track changes in mCPR over time and between survey years. Or-

ganisations such as the Track20 project (www.track20.org), and researchers committed

to monitoring the progression of countries towards their FP2030 goals are now focus-

ing on using EMUs to inform mCPR estimates [79]. The Family Planning Estimation

Tool (FPET) is a user-friendly web application for the country-specific implementation of

FPEM, and the Track20 project uses FPET to monitor the progress of individual coun-

tries. In recent years, EMUs have been integrated into FPET to better inform mCPR

estimates in the absence of large-scale national survey data [78] [11] [10]. Specifically, the

observed annual changes in EMU level estimates inform changes in FPET estimates of

mCPR [10].

To estimate EMUs, the Track20 project has created a tool that converts service statis-

tics to EMUS, called the ‘SS-to-EMU Tool’ [80]. The ‘SS-to-EMU’ tool captures service

statistics data for 22 contraceptive methods. Namely, sterilization (including female tubal

ligation and male vasectomy), intra-uterine devices (including Copper- T 380-A IUD

and LNG-IUS), implants (including Implanon, Jadelle and Sino-Implant), injectables (in-

cluding Depo Provera (DMPA), Noristerat (NET-En), Lunelle, Sayana Press, and other

injectables), oral contraceptive (OC) pills (including Combined Oral (COC), Progestin
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only (POP), and other OC pills), male condoms, female condoms, Lactation amenorrhea

method (LAM), standard days method (SDM), vaginal barrier, spermicides and emer-

gency contraception. The primary purpose of the ‘SS-to-EMU’ tool is to account for some

of the issues that can arise when using service statistics to estimate modern contracep-

tive use, including accounting for missing private sector contributions within the service

statistics database, and minimising the level bias of the EMUs when tracking mCPR lev-

els. The ‘SS-to-EMU’ tool provides the foundation for how EMUs are calculated. The

EMU calculation process is discussed in detail in subsequent sections. However, as a brief

overview there are three main adjustments made to the service statistics data during the

SS-to-EMU process. They are: accounting for long-acting or permanent method (LAPM)

users in years after they first receive the LAPM method, accounting for LAPM users

who received their methods prior to the first year of service statistics data collection, and

scaling up the total number of users of each modern contraceptive method to account for

a potentially missing private sector contribution. These adjustments serve to make EMUs

a better proxy for mCPR.

While being an innovative use of service statistics, the SS-to-EMU tool approach does

have its limitations. Each adjustment in the SS-to-EMU tool makes key assumptions

about the data, which all have a significant impact on the resulting EMUs. The current

EMU calculation process uses large-scale national surveys observations, such as the DHS,

MICS and PMA, to inform adjustment calculations. However currently, the EMU ad-

justment calculations do not account for, or reflect, the standard errors associated with

the survey observations. As a result, EMUs are point estimates with no associated uncer-

tainty. We seek to remedy this issue by propagating uncertainty into the EMU calculation

via the private sector adjustment step. Presently, a key assumption in the SS-to-EMU

tool is that the annual private sector adjustment being made to service statistics remains

constant over time and relies only on the most recently observed DHS observation for

contraceptive method supply shares. We propose an update to this approach that utilises

probabilistic estimates and projections of the contraceptive method supply shares and

allows for the incorporation of annual variation into the adjustment [16]. We will demon-

strate how we integrate the model-based estimates and projections of the contraceptive

supply share into the existing SS-to-EMU calculations to produce temporally-varying pri-

vate sector adjustment factors with uncertainty, which then contribute to an uncertainty

quantification for EMUs.
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7.4 Terminology

Service statistics: Family planning (FP) data that is collected as part of routine FP ser-

vice delivery. Service statistics are collected by the public and private sectors. Service

statistics have varying levels of detail. This may include basic information such as the

number of family planning commodities distributed to facilities each year in addition to

more detailed information on individual characteristics of FP users [10]. FP service statis-

tics are typically comprised of four data types: contraceptive commodities distributed to

FP clients, contraceptive commodities distributed to FP facilities, the number of visits to

FP facilities, and the number of FP users.

Demographic and Health Survey : “Nationally representative household surveys that pro-

vide data for a wide range of monitoring and impact evaluation indicators in the areas of

population, health, and nutrition” [87].

mCPR: Modern contraceptive prevalence rate. Captures the proportion of women aged

15-49 who are currently using any form of modern contraception. mCPR observations

are obtained from large-scale surveys.

EMU : Estimated modern use. Aims to capture the proportion of women aged 15-49

who are currently using any form of modern contraception. EMUs are calculated using

service statistics and typically provide a biased estimate of mCPR.

LAPM : Long-acting (intrauterine devices (IUDs) and implants), and permanent meth-

ods, (female and male sterilization), of modern contraception [20].

STM : Short-term methods of contraception (oral contraceptive (OC) pill, injectables,

condoms, other modern methods, and emergency contraception).

Historic users: The number of long-acting and permanent contraception methods sup-

plied to users before service statistics data collection began.

Method continuation rates: The cumulative probability that a user of a given contra-

ceptive method will still be using the method after one unit of time (e.g., annually) [19].

Method mix : The percentage breakdown by method of the distribution of contracep-

tion users for each country [21].
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Historic user scaling factor : This factor calibrates the number of historic users esti-

mated to account for the introduction history of an LAPM into the method mix of a

given country. If a country has newly introduced an LAPM, then there will be no historic

users and the scaling factor will address this issue accordingly.

Couple-years protection factor : The average number of years protection provided to a

couple by a given contraceptive method.

Family planning commodity : This is the mode of family planning a user receives from

either the public or private sector supplier.

7.5 Method for calculating estimated modern use (EMU)

The EMU estimation process can be divided into 4 main steps.

Step 1: Calculate numbers of continuing users captured by service statistics

data

Note that this step does not adjust for any users that may have accessed their contra-

ceptives through the private sector, and therefore may be missing from service statistics.

This issue will be addressed later. For now, we calculate the total number of users in

country c, for method m, in year t, recorded by service statistics data type s.

Short-term contraceptive methods are named so because of their short-term efficacies.

For instance, an OC pill user is only covered for the duration of their pill packet (typ-

ically 1 month) and no longer. Typically for a given STM, the service statistics data

recorded reflects the number of contraceptive commodities distributed, rather than the

number of method users. Therefore, we must adjust these STM quantities to reflect

the number of users of each method. This is achieved by adjusting yc,m,t,s, the quan-

tity recorded in service statistics data type s, in time t, for STM m, and country c, by

the couple-years protection factor (CYP), 1
im

(Table 7.1). CYP is the average number of

years protection provided to a couple by one unit of a given contraceptive method [91] [76].

Let ηc,m,t,s represent the estimated number of women in country c, using method m, in

year t, captured by service statistics data type s, before adjusting for the private sector.

Such that if method m is classified as an STM,

ηc,m,t,s = yc,m,t,s
1

im
for m ∈ STM methods.

�� ��7.1
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Where,

im is the number of FP units utilised per person per year for a given method m used

across all service statistics data types. im is time- and service statistics type invariant

(Table 7.1).
1
im

is the couple-years protection factor, the average number of years protection provided

to a couple using method m.

Example 1: Short-term methods

If average woman uses 4 units of Depo Provera (DMPA) injections a year. The

CYP factor for DMPA injections is 1
4 . As a result, if 400 units of DMPA injections

are distributed in a given year and location, this would imply that there are 100

(400
4 ) users of DMPA injections that year.
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Short-term Methods im Units

Injectable Depo Provera (DMPA) 4 per user per year

Noristerat (NET-En) 6 per user per year

Lunelle 13 per user per year

Sayana Press 4 per user per year

Other Injectable 4 per user per year

Pill

Combined Oral (COC) 15 per user per year

Progestin only (POP) 15 per user per year

Other OC Pill 15 per user per year

Condom
Male Condom 120 per user per year

Female Condom 120 per user per year

Other Modern Methods

LAM 4 per user per year

SDM (Standard Days) 1.5 years of protection

Vaginal barrier 1 per user per year

Spermicides 120 per user per year

Emergency contraception EC 20 per user per year

Table 7.1: The number of units used per person for each short-term contraceptive method.

Each short-term method is first named, then broken by the method sub-type, im denotes

how many units of each FP method is used per person per year, and Units indicates the

units of im. For short term methods, the units of im are the number of FP commodities

used per person per year.

Unlike STMS, LAPMs provide multiple years of protection to their users. Conse-

quently, women continue using their LAPM beyond the year they first acquire it. When

using service statistics data to estimate total numbers of contraceptive method users, we

must account for the women who acquired their LAPM in a given year (recorded in the

SS-to-EMU tool) and the women from previous years who are continuing to use their

LAPM in subsequent years (not recorded in the service statistics data for a given year).

This helps to capture the true number of LAPM users per year more accurately. There-

fore, the purpose of this step is to estimate the number of LAPM users in year t. This

number includes those users that were recorded for year t, as well as those who continued

using their method from previous years t − 1, t − 2..... One issue to overcome with this

calculation is estimating historic users, i.e., numbers prior to the first year of data collec-

tion. If method m is an LAPM, we include the cumulative contributions of historic users

and recorded users, such that,
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ηc,m,t,s =
15∑
k=0

xc,m,t−k,sαm,k for m ∈ LAPM methods, for t ≥ t0.
�� ��7.2

Where, ηc,m,t,s are the total number of users (historical and recorded) in country c, of

method m, in year t, estimated by service statistics type s.

xc,m,t,s is the estimated number of new users in country c, of method m, in year t, esti-

mated by service statistics type s.

αm,t are the method continuation rates over a 16 year time period used across all countries

and service statistics data types (Table 7.2).

Method continuation rates represent the average proportion of women that will continue

to use a given LAPM each year after receiving the method [19]. For long-acting methods

of contraception the set of associated method continuation rates, αm,j , tend to decrease

over time (Table 7.2). This is because the likelihood of a woman continuing to use a

contraceptive method m, j years after first receiving it decreases as j increases from 1

to 16. For permanent methods of contraception, e.g. female and male sterilization, the

method continuation rates remain constant at 1 for all j (Table 7.2). This reflects the

fact that these methods of contraception are irreversible, and therefore no drop-out will

occur. The same set of method continuation rates are used across all service statistics

data types (s = 1,2,3,4) and countries (c = 1,....,C).

To illustrate the calculation of historic users, let xc,m,t0,s represent the number of new

users recorded by service statistics data of type s, in the first year of data collection

(t0 = 0), for method m, in country c and let xc,m,−j,s be the number of new users in the

years prior to t0, j = 1, ....16. xc,m,−j,s is calculated by scaling xc,m,t0,s by a country-,

method-, service statistics type specific scaling factor, θc,m,s. Such that,

xc,m,−j,s = xc,m,t0,s ∗ θc,m,s
�� ��7.3

The value of θc,m,s is chosen based on 1 of 3 scenarios (Figure 7.1A). Scenario 1 is

where where method m has been introduced for the first time into country c, in which

case it can be assumed that there are no users of the method back in time and θc,m,s = 0.

Scenario 2 aims to reflect a situation where a method m has been scaling up to the cur-

rent numbers, θc,m,s = 0.5 and the users projected back in time are assumed to be half of

xc,m,t0,s. Finally, scenario 3 assumes method use is established and constant in country

c, in which case θc,m,s = 1.

108



7.5. METHOD FOR CALCULATING ESTIMATED MODERN USE (EMU)

Example 2: Long-acting and permanent methods

Figure 7.1 is an example of the LAPM adjustment when an estimated 10,000 users

of Copper-T 380-A IUD users are recorded in the first year of data (t0). In this

scenario, we first calculate the number of new users for each of the 15 years prior

to t0 (Figure 7.1A). In Figure 7.1B, we consider the method continuation rates for

Copper-T 380-A IUDs. These can be found in Table 7.2. We apply the method

continuation rates to the year of service statistics data we are interested in (year

t0) and the previous years t0-1 to t0-15. By doing this, we are able to account for

the number of continuing users coming from each of the previous years. In Figure

7.1C, we calculate the total number of users in year 0. The total number of users

in a given year is the sum of all continuing users from year t0-15 to year t0. In

this example, we include the continuing historic users from year t0-15 up to the

recorded users in year t0 to get a final estimate of the total number of Copper-T

380-A IUD users in year t0. To estimate the total number of users for the next year

(t0+1), we can shift the observation window across the timeline to include the year

of interest (year t0+1) and the previous 15 years (years t0, t0-1, t0-2, .....t0-14).

After the first year of service statistics data, the users continuing from previous

years will include a mixture of historic and recorded users.
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Example 2 continued: Long-acting and permanent methods
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Figure 7.1: This plot shows an example when calculating the total number of

Copper-T 380-A IUD users for the first year of service statistics data (t=0). In

this example, we assume that xc,IUD,t0,s is 10000. The users who are recorded in

the service statistics are shown in red and the estimated historic users are shown

in green. A: The number of historic users, not captured in the service statistics

data but who received their Copper- T 380-A IUDs in the years previous to Year 0

are first calculated. Each panel shows a different setting of θ. This plot represents

the calculation of step 1. B: This plot shows the method continuation rates (in

%) for Copper- T 380-A IUDs (Table 7.2). The year index t is on the x-axis. The

time axis shows the years before the first year of data (t=0). The y-axis captures

percentage of women in their tth using Copper-T 380-A IUDs that continue into

year t+1. C: This plot shows the total number of Copper- T 380-A IUD users

in Year 0. These numbers are made up of users recorded in the service statistics

(green) and historical users estimated in step 1 (red).

110



7.5. METHOD FOR CALCULATING ESTIMATED MODERN USE (EMU)

Year of method

acceptance

0

to 1

1

to 2

2

to 3

3

to 4

4

to 5

5

to 6

6

to 7

7

to 8

8

to 9

9

to 10

10

to 11

11

to 12

12

to 13

13

to 14

14

to 15

15

to 16

Sterilization

Tubal

Ligation (F)
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00

Vasectomy (M) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00

IUD

Copper- T

380-A IUD
0.92 0.77 0.65 0.54 0.46 0.38 0.32 0.27 0.23 0.19 0.00 0.00 0.00 0.00 0.00 0.00

LNG-IUS 0.92 0.77 0.65 0.54 0.46 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Implant

Implanon 0.94 0.82 0.71 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Jadelle 0.94 0.82 0.71 0.62 0.54 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sino-Implant 0.94 0.82 0.71 0.62 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 7.2: The long-acting and permanent contraceptive method continuation rates

utilised within the EMU calculation. The type, brand, and set of method continuation

rates for the first 16 years are listed for each contraceptive method.

Step 2: Scale up the number of users using a private sector adjustment

Often, service statistics data do not capture the complete contraceptive market. They

tend to have very high or complete coverage of the public sector, but limited coverage of

the private sector. The purpose of this step in the EMU calculation process is to capture

the users who access their contraceptives through the private sector but are not recorded

by service statistics. Using a private sector adjustment factor, the number of modern

contraceptive users estimated using service statistics data must be scaled up to reflect the

complete contraceptive market. Let λc,m,t,s represent the proportion of users across the

public and private sectors, in country c, using method m, in year t, captured by service

statistics data type s. We calculate λc,m,t,s using,

λc,m,t,s =
3∑
d=1

τc,d,sβc,m,t,d.
�� ��7.4

Where, τc,d,s is the proportion in country c, of sector d, reporting into the service

statistics data type s. The contribution of each sector into the service statistics is quanti-

fied using 3 potential ordinal responses (Yes, No and Partially) which are translated into

contribution factors (1, 0, 0.5). Therefore, τc,d,s ∈ (1, 0, 0.5).

βc,m,t,d is the proportion in country c, of method m, in year t, that is supplied by sector d.

The sector supply shares are accessed using Demographic and Health Surveys [87]. The

contraceptive supply-share market can be broken down into three main sectors: Public,

private commercial medical and private other.

Let δc,m,t,s be the inverse of λc,m,t,s, and the private sector adjustment factor in country

c, for method m, in year t, that is captured by service statistics data type s,

δc,m,t,s =
1

λc,m,t,s
.

�� ��7.5
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Therefore, the number of users after adjusting for the potentially missing private sector

contribution is given by,

φc,m,t,s = ηc,m,t,sδc,m,t,s.
�� ��7.6

Where, φc,m,t,s is the estimated total number of users after accounting for the private

sector adjustment in country c, of method m, in year t, service statistics data type s,

across all three supply sectors.

For each sector, this step considers its contribution to the overall contraceptive supply

market and it’s contribution to the service statistics data records. If a method does not

have sector supply share information (for example, in the case of emergency contracep-

tion), the best practice approach is to refrain from scaling up the service statistics data

for that method [80].

Step 3: Calculate the estimated number of modern users

This step calculates the total number of modern contraceptive users across all methods

captured by service statistics type s, in year t. Let,

Ec,t,s =

22∑
m=1

φc,m,t,s,
�� ��7.7

where, Ec,t,s is the total number of modern contraceptive users across all 22 modern con-

traceptive methods, in country c, in year t, captured by service statistics data type s.

Step 4: Calculate the EMU

Estimated modern use (EMU) capture the proportion of women aged 15-49 that are using

any modern method of contraception [79]. However, not all countries collect data on

modern contraceptive use among unmarried women. Therefore, during the initial stages

of service statistics data preparation the user will define what group of women the service

statistics reflect. This informs the population estimates used in the denominator of the

final EMU. EMUs are the ratio of the estimated number of modern contraceptive users

across all methods to the population of (married or all) women aged 15-49 in country c,

in year t, captured by service statistics type s.

Let,

EMUc,t,s =
Ec,t,s
Npop.
c,t

,
�� ��7.8

where,

112



7.6. COMPARISON TO EXISTING APPROACHES

EMUc,t,s is a proportion of all women using modern contraceptives in country c, in year

t, captured by service statistics data type s.

Npop.
c,t is the population of married women or all women (depending on the service statis-

tics) aged 15-49 in country c, year t. The population estimates are supplied by the United

Nations Population Division, World Populations Prospects [84].

7.6 Comparison to existing approaches

In the current approach, the private sector adjustment factor calculation fixes the con-

traceptive method supply shares, βc,m,t,d, to be the observed level captured by the most

recently observed Demographic and Health Survey (DHS) in year tDHS . This means that

both the private sector adjustment factor, δc,m,t,s, and the proportion of users across the

public and private sectors, in country c, using method m, captured by service statistics

data type s, λc,m,t,s , are now time-invariant. Such that,

λDHSc,m,s =

3∑
d=1

τc,d,sβc,m,tDHS .
�� ��7.9

Therefore, the private sector adjustment is,

δDHSc,m,s =
1

λDHSc,m,s

.
�� ��7.10

where, λDHSc,m,s is the proportion of all users (according to the most recent DHS survey)

across the public and private sectors, in country c, using method m, for all years, captured

by service statistics data type s.

tDHS is the year index corresponding to the most recent DHS survey in country c.

βc,m,tDHS ,d is the observed proportion of method m, according to the most recent DHS

carried out in country c, in the year tDHS , supplied by sector d.

Using the most recently observed method supply shares removes the temporal aspect

from the private sector adjustment factor, δc,m,s. This results the estimated yearly number

of women before adjusting for the private sector, ηc,m,s, receiving the same private sector

adjustment, δDHSc,m,s .

The proposed update to the private sector adjustment calculation

We propose that rather than a time-invariant private sector adjustment, we utilise a

temporally-varying private sector adjustment. This is calculated using a hierarchically

estimated vector of posterior samples of βc,m,t,d, the proportion in country c, of method
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m, in year t, that is supplied by sector d. The vector of posterior samples, β∗c,t,m,d, is

2000 samples of βc,m,t,d.

Let λ∗c,m,t,s be the vector of posterior samples for the temporally-varying private sec-

tor adjustment factor in country c, for method m, in year t, captured by service statistics

data type s. Then,

λ∗c,m,t,s =
∑3

d=1 τc,d,sβ
∗
c,t,m,d,

�� ��7.11

where,

β∗c,t,m,d =
(
β
{1}
c,t,m,d, β

{2}
c,t,m,d, . . . , β

{2000}
c,t,m,d

)
.

�� ��7.12

Where, β
{i}
c,t,m,d is the ith sample of vector of posterior samples for the estimated propor-

tion in country c, of method m, in year t, that is supplied by sector d.

Therefore, the private sector adjustment becomes,

δ∗c,m,t,s =
1

λ∗c,m,t,s
,

�� ��7.13

where,

δ∗c,m,t,s is the vector of posterior samples for private sector adjustment factor in country

c, for method m, in year, t, that is captured by service statistics type s.

Consequently, the subsequent steps of the EMU calculation include a vector of 2000

posterior samples for each observation. This allows us to propagate the uncertainty from

the posterior samples of β∗c,t,m,d into the final EMU estimates, EMU∗c,t,s, such that,

EMU∗c,t,s =
E∗c,t,s
Npop.
c,t

,
�� ��7.14

where, EMU∗c,t,s is the vector of posterior samples for the estimates of modern contra-

ceptive use in country c, in year t, captured by service statistics data type s. E∗c,t,s is

the vector of posterior samples for the total number of all modern contraceptive users in

country c, in year t, captured by service statistics data type s.

Figure 7.2 compares the time-invariant private sector adjustment factor to the temporally-

varying private sector adjustment factor with uncertainty for a case study in Country A.

The time-invariant private sector adjustment factor, δDHS , is plotted as a solid line over

time with no associated uncertainty. The private sector adjustment calculated using hier-
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7.6. COMPARISON TO EXISTING APPROACHES

archically estimated annual contraceptive method supply shares with uncertainty, δ∗, is

denoted by the dashed line and the 95% uncertainty interval is represented by the shaded

area. From this figure, we can see that the level of δDHS is fixed over time as it is only

informed by the most recent DHS taken in Country A. In contrast, the level of δ∗ changes

over time as it is informed by all DHS taken in Country A.
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Figure 7.2: The private sector adjustment is on the y-axis. The estimated median of the

temporal-varying private sector adjustment factor, δ∗, is denoted by the dashed line with

a 95% credible interval indicated by the shaded area for the private sector adjustment

factor in country A, for method m, in year t, captured by service statistics type s. The

solid line represents the time-invariant private sector adjustment, δDHS . Time in years is

represented on the x-axis. Each of the colours represents a different contraceptive method.

The panels capture the private sector adjustment factor for the different types of service

statistics data collected in Country A.

Next, we will proceed to a comparative analysis between the current method of pri-
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vate sector adjustment and our newly proposed approach. We will assess the effects on

EMU estimates using two specific case study countries: Country A and Country B. It’s

important to note that while the data in these case studies is authentic, we have omitted

the actual country names to preserve data privacy. In Country A, the service statistics

pertain to the commodities distributed to clients. In Country B, the service statistics are

also obtained from the commodities distributed to clients.

7.7 Case study: Country A

We consider the supply of female sterilisation, implants, injectables, intra-uterine devices

(IUDs) and oral contraceptive pills (OC pills), which inform the private sector adjustment

factor used to calculate EMUs from family planning service statistics in Country A. Fig-

ure 7.3 considers the contraceptive supply share estimates for Country A between 1990

and 2030. Country A has had 5 DHS surveys since 1990, with the most recent survey

occurring in 2016. The public sector has consistently dominated the supply of contra-

ceptive methods since 1990. However from 2001 the supply shares of female sterilization

and IUDs from the public sector has gradually declined. Injectables and OC pills also

experienced a decline in the public sector supply shares between 2001 and 2011, however

in 2016 the public sector supply of these methods increased slightly. Each of the contra-

ceptive methods have varying amounts of survey observations in Country A. The supply

shares of OC pills and injectables are recorded in 5 surveys, female sterilisation supply

shares are recorded in 4 surveys, IUD supply shares were recorded in 3 surveys, and there

is no data available for the supply of implants.

For commodities to clients service statistics data collected in Country A, the model-

based estimates of method supply shares inform the temporally-varying private sector

adjustment factors, and the most recent DHS collected in 2016 (Figure 7.3) informs

temporally-invariant private sector adjustment factors (Figure 7.4). The uncertainty of

the method supply share estimates has a direct effect on the uncertainty of the private

sector adjustment factor. This is clearly seen in the private adjustment factor of OC pills

in commodities to clients , δ∗pills,t,comm.clients, (Figure 7.4), where the uncertainty mirrors

that seen in OC pills commercial medical supply shares, β∗pills,t,comm.clients (Figure 7.3).

In addition, the shape of the trajectories in the private sector supply shares are mirrored

in the private sector adjustment factors. This is clearly seen in the adjustment for IUDs

where the increase between 2001 and 2015 and the plateau from approximately 2016

onward is driven by trends seen in the private sector (commercial medical and private

other Figure 7.3).
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Figure 7.3: These are the estimated and projected method supply shares for Country A

between 1990 and 2030 with uncertainty. These observations are used in the private sector

adjustment step of the EMU calculation process. Each of the three sectors (public, private

commercial medical and private other) contributions for five contraceptive methods are

plotted over time. The vertical bars on the observations represent the standard errors

calculated using the DHS microdata. The public sector supply shares are marked in blue.

The commercial medical sectors, marked in grey, and other sector, marked in gold, make

up the total private sector. The median (50th percentile) estimate is represented by the

solid line. The associated 80% and 95% credible intervals are denoted by the shaded

areas.
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Figure 7.4: The private sector adjustments calculated for commodities to clients service

statistics data collected in Country A. The y-axis captures the levels of the private sec-

tor adjustment factors, δ∗ and δDHS , for each method. The estimated median of the

temporal-varying private sector adjustment factor, δ∗, is denoted by the dashed line with

a 95% credible interval indicated by the shaded area for the private sector adjustment

factor in Country A, for method m, in year t. The solid line represents the time-invariant

private sector adjustment, δDHS . Time in years is represented on the x-axis. Each of

the colours and panel captures represents a different contraceptive method.

In Figure 7.5, EMUs calculated using a temporally-invariant private sector adjustment

and a temporally-varying private sector adjustment applied to commodities to clients ser-

vice statistics data in Country A are plotted over time. From Figure 7.3 between 2014

and 2020 (the EMU observation period) there is only one available DHS survey obser-

vation of the supply share, which is in 2016. During this period, the projected private

sector supply shares of female sterilisation, injectables and OC pills experience a gradual
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decline. As such, the EMUs calculated using the temporally-varying adjustment (we will

refer to this as EMUtemporal adj.) are systematically lower than the EMUs calculated us-

ing a temporally-invariant private sector adjustment factor based on the 2016 DHS (we

will refer to this as EMUfixed adj.). The EMUs derived using the temporally-invariant

adjustment are an average of 0.5 percentage points higher than the median EMU cal-

culated using a temporally-varying adjustment over time. Despite this small average

difference, the 95% credible interval of the EMUtemporal adj. do not overlap with the lev-

els estimated by EMUfixed adj. until shortly after 2018, implying a significant difference

between EMU estimates prior to 2018. The width of the uncertainty interval associated

with EMUtemporal adj. increases gradually from 2016 onward. This mirrors the behaviour

of the model estimates (Figure 7.3), as the uncertainty associated with the annual method

supply share projections increase when the time between DHS surveys increases.
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Figure 7.5: Plotting the calculated EMU (in %) over time for Country A. The private

sector adjustment each EMU is made with is differentiated by colour. The gold EMUs

are calculated using a time-invariant private adjustment factor informed by the most

recent 2016 DHS estimate in Country A. The grey EMUs are created using hierarchically

estimated annual supply shares with uncertainty. The median (50th percentile) is denoted

using the solid grey line and the associated 95% credible intervals marked using lighter

shaded grey areas.

Next we compare the EMUfixed adj. and the EMUtemporal adj. levels with mCPR esti-

mates produced by FPET using survey data inputs. From Figure 7.6, we can see that

both sets of EMU estimates are lower than the mCPR estimates from FPET. Like the

EMUtemporal adj., the width of the uncertainty associated with the mCPR estimates in-

creases post-2016 due to a lack of survey data. The trends observed in the levels of

EMUfixed adj. and EMUtemporal adj. are very similar to one-another.
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Figure 7.6: Plotting EMU and mCPR estimates (in %) over time for Country A. The

type of estimate is differentiated by colour. Gold represents EMUs calculated using a

temporally-invariant private sector adjustment factor (based on the 2019 DHS). Grey

represents EMUs calculated using the temporally-varying adjustment based on modelled

estimates, with the median (50th percentile) denoted using the solid grey line and the

associated 95% credible intervals marked using lighter shaded grey areas. Blue represents

mCPR calculated using the Family Planning Estimation Tool with survey data as an in-

put, with the median (50th percentile) denoted using the solid blue line and the associated

95% credible intervals marked using lighter shaded blue areas.

Presently in FPEM, EMUs are not used to inform the level of mCPR. Rather, the rates

of change between EMUs are used to inform rates of change between mCPR estimates

[10]. When we evaluate the rates of change for differences between EMUs and mCPR

estimates from FPET, we see that the rates of change in the EMUtemporal adj. are slightly

lower than the rates of change in the EMUfixed adj. (Figure 7.7). From 2017 onward,
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7.7. CASE STUDY: COUNTRY A

the rates of change with uncertainty from the EMUtemporal adj. cover the rates of change

estimated in the mCPR levels. The average rate of change in Country A over time is

0.26 percentage points for mCPR, 0.86 percentage points in EMUtemporal adj., and 0.88

percentage points in EMUfixed adj.. This suggests that, in Country A, using a temporally-

varying private sector adjustment factor improves the ability of rates of change in EMUs

to track rates of change in mCPR estimates.
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Figure 7.7: Plotting the rates of change between consecutive years of EMU and mCPR

estimates (in %) over time for Country A. The type of estimate is differentiated by

colour. Gold represents EMUs calculated using a temporally-invariant private sector

adjustment factor (based on the 2019 DHS). Grey represents EMUs calculated using

the temporally-varying adjustment based on modelled estimates, with the median (50th

percentile) denoted using the solid grey line. Blue represents mCPR calculated using the

Family Planning Estimation Tool with survey data as an input, with the median (50th

percentile) denoted using the solid blue line.
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7.8 Case study: Country B

The next case study will consider Country B. Figure 7.8 considers contraceptive method

supply shares over time with uncertainty for Country B between 1990 and 2030. Country

B has collected 4 surveys since 1990, with the most recent DHS collected in 2019. There is

no data available for the method supply shares of female sterilisation or IUDs. Similar to

Country A, the public sector has dominated the supplies of all five contraceptive methods

in Country B, but in recent times there has been an uptake in the proportion of injecta-

bles and OC pills being supplied by the private sector. The private sector supply shares

of both injectables and OC pills in Country B have been growing since 2016, increasing

by approximately 25 percentage points in both methods.

The 2019 DHS survey in Country B observes a higher proportion of OC pills and in-

jectables being supplied by the private sector than in previous years (Figure 7.8). There-

fore, when comparing the fixed and temporally-varying private sector adjustment factor

over time for Country B, we can see that for both OC pills (pink) and injectables (green)

the temporally-invariant private sector adjustment factors (solid line) are significantly

higher than the temporally-varying private sector adjustment factor (dashed line) (Fig-

ure 7.9). This is due to only 2019 DHS observations informing the temporally-invariant

private sector adjustment factor, whereas the temporally-varying private sector adjust-

ment factor changes over time and is informed by all DHS surveys collected in Country

B. Due to a lack of data for IUDs and female sterilisation, the fixed private sector cannot

be calculated for these methods and therefore it is set to 1. In contrast to this, due to

the information-sharing between methods within the Bayesian hierarchical model used

to estimate the method supply shares, we are able to gain informed estimates for these

methods using the temporally-varying private sector adjustment factor. However, the lack

of available survey data is reflected in the large uncertainty associated with the private

sector adjustment factors for these methods.
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Figure 7.8: These are the estimated method supply shares for Country B between 1990

and 2030. These observations are used in the private sector adjustment step of the EMU

calculation process. Each of the three sectors contributions for five contraceptive methods

are plotted over time. The vertical bars on the observations represent the standard errors

calculated using the DHS microdata. The public sector is marked in blue. The commercial

medical sector, marked in grey, and other sector, marked in gold, make up the total private

sector.
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Figure 7.9: Plotting the fixed and temporally-varying private sector adjustment factor

over time for Country B. The solid line represents the private adjustment factor when

calculated using the 2019 DHS observation. The dashed line represents the temporally-

varying private adjustment factor calculated using the contraceptive method supply share

model estimates. The 95% credible intervals are presented using the shaded regions. The

colours represent the five contraceptive methods considered in this study. The panels

capture the private sector adjustment factor for three different types of service statistics

data.

In Figure 7.10, we compare the EMUs calculated using either a temporally-invariant

private sector adjustment factor based on the 2019 DHS (as before, we will refer to this as

EMUfixed adj.) or temporally-varying adjustment (the EMUtemporal adj.) with mCPR esti-

mates produced by FPET using survey data inputs. In Country B, the EMUtemporal adj.

is systematically lower than the EMUfixed adj. by approximately 3 to 5 percentage points

over time. This is the private sector adjustment associated with EMUtemporal adj. and

is larger than that of EMUtemporal adj. (Figure 7.9), resulting in a larger scale-up of the
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service statistics data and larger final EMU estimates.
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Figure 7.10: Plotting EMU and mCPR estimates (in %) over time for Country B. The

type of estimate is differentiated by colour. Gold represents EMUs calculated using a

temporally-invariant private sector adjustment factor (based on the 2019 DHS). Grey

represents EMUs calculated using the temporally-varying adjustment based on modelled

estimates, with the median (50th percentile) denoted using the solid grey line and the

associated 95% credible intervals marked using lighter shaded grey areas. Blue represents

mCPR calculated using the Family Planning Estimation Tool with survey data as an in-

put, with the median (50th percentile) denoted using the solid blue line and the associated

95% credible intervals marked using lighter shaded blue areas.

For the reasons discussed in the Introduction, EMUs are not used as direct estimates

of mCPR within FPEM. Rather, rates of change in EMUs inform rate of change in model

estimates of mCPR [10]. Figure 7.11 considers the median estimated rates of change year

on year for these EMUs and FPET estimates of mCPR. The rates of change calculated

126



7.8. CASE STUDY: COUNTRY B

from the EMUfixed adj. tend to be larger than those calculated using the EMUtemporal adj..

While the level of the EMUtemporal adj. is further from the mCPR estimates (Figure 7.10),

from this figure we can see that the rates of change of the EMUtemporal adj. are closer

to the rates of change in mCPR estimates than the rates of change calculated from the

EMUtemporal adj..
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Figure 7.11: Plotting the rates of change between consecutive years of EMU and mCPR

estimates (in %) over time for Country B. The type of estimate is differentiated by colour.

Gold represents EMUs calculated using a temporally-invariant private sector adjustment

factor (based on the 2019 DHS). Grey represents EMUs calculated using the temporally-

varying adjustment based on modelled estimates, with the median (50th percentile) de-

noted using the solid grey line. Blue represents mCPR calculated using the Family Plan-

ning Estimation Tool with survey data as an input, with the median (50th percentile)

denoted using the solid blue line.

127



7.9. DISCUSSION

7.9 Discussion

This chapter introduces a revised methodology for calculating EMUs within the existing

framework. For a considerable period, the field of family planning has heavily relied on

comprehensive national surveys like the DHS to gauge progress towards family planning

objectives at the country level. Service statistics present an exciting opportunity for

the family planning community to access annual data characterized by high geographical

granularity, minimal data collection costs, and consistent collection practices. Notably,

service statistics are already playing a pivotal role in the Family Planning Estimation

Model. Within this framework, they inform the rates of change in mCPR, enabling data-

driven estimates and projections that extend beyond the latest available national survey

data [10] [11] [2]. Yet, the utilization of service statistics for deriving FP indicators is

not devoid of challenges. They can exhibit errors, leading to potential issues related to

both bias at the level of FP indicator measurement and variance. Furthermore, service

statistics often exhibit gaps in capturing the contribution of the private sector to the

contraceptive market within a country [49] [91]. Consequently, the calculation of the

family planning indicator EMU involves a sequence of adjustments aimed at mitigating

these challenges. One such adjustment is the ”private sector adjustment,” which scales up

service statistics data to account for the potentially underrepresented private sector [80].

Presently, the private sector adjustment draws from the latest DHS survey to estimate

the market share of contraceptive supply in a given country [80]. This chapter’s core

focus revolved around proposing a refined methodology for calculating the private sector

adjustment within the EMU calculation process.

Implementing a more dynamic temporally-varying private sector adjustment factor,

illustrated in Figure 7.2, enhances the accuracy of EMUs in reflecting shifts in contra-

ceptive supply share markets. Notably, in Country A, the EMU levels computed with

the dynamic private sector adjustment factor don’t agree with those generated using a

fixed factor until after 2018. In Country B there is a notable distinction in the 2019

DHS survey compared to preceding years (Figure 7.8). Here, the private sector supply

shares for OC pills and injectables underwent a marked increase, leading to a decline in

public sector supplies. This specific case study of Country B underscores that using a

recent DHS survey that deviates from established trends can introduce an inflation to the

adjustment factor and adjusted service statistics. As depicted in Figure 7.9, anchoring

a fixed, time-invariant private sector adjustment factor to the 2019 DHS survey triggers

disproportionate scaling of service statistics data predating 2019. Consequently, we de-

duce that EMUs derived from an unchanging adjustment factor, especially one based on

DHS surveys marked by rapid shifts in method supply shares, will consistently differ from
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EMUs calculated employing a temporally evolving adjustment factor.

In Countries A and B, we can see that the EMUs produced using a temporally-varying

adjustment factor are further from the observed mCPR levels (Figure 7.6 and Figure

7.10). However, currently within FPET, the observed annual changes in EMU level es-

timates inform changes in FPET estimates of mCPR [10]. When we consider the rates

of change between EMU estimates, we see that despite any issues with level-bias, EMUs

calculated using a temporally-varying private sector adjustment are closer to the rates

of change observed in the mCPR estimates than those calculated from EMUs derived

using a single DHS survey (Figure 7.7 and Figure 7.11). In this instance we conclude

that in both Country B and Country A, the overall quality of the EMU is improved as

it more closely tracks the rates of change in mCPR estimates. The proposed update also

has the ability to estimate private sector adjustment factors for methods without any

DHS data being available (Figure 7.4, Implants). Previously, this was not possible and

private sector adjustment factors were set to 1 for methods without any data. Due to

cross-method correlations utilised within the Bayesian hierarchical model producing the

annual contraceptive method supply share estimates and projections, methods without

any DHS observations may still be informed by DHS observations in other methods to

produced data-driven informed estimates even in the absence of survey data.

Finally, EMUs currently calculated using a temporally-invariant private sector adjust-

ment factor are point estimates with no associated uncertainty. In the proposed update,

given the probabilistic nature of the method supply share estimates, the associated uncer-

tainty can be propagated into the EMU calculations to quantify a measure of uncertainty

associated with each EMU, improving their potential usefulness within larger models such

as FPEM.

7.10 Conclusions

In summary, the presented update introduces hierarchically estimated Bayesian model

estimates for contraceptive supply share markets across time, along with their associated

uncertainties, into the EMU calculation process through the ”private sector adjustment”

step. The proposed dynamic private sector adjustment, which varies temporally, allows

EMUs to flexibly accommodate shifts in the contraceptive supply shares over the years.

Our findings have underscored how this proposed temporal adjustment can enhance the

quality of derived EMUs. It achieves this by enhancing precision in tracking rates of

change within mCPR estimates and effectively propagating uncertainty. An understand-

ing of the uncertainty enveloping EMUs enhances their value for integration into compre-
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hensive family planning indicator models like the Family Planning Estimation Model. As

we look ahead, our future investigations aim to extend the scope of analysis to encompass

a broader range of case study countries at the national level. Additionally, we intend

to expand upon this proposed update by integrating subnational EMUs into the analy-

sis. This expansion will involve evaluating the influence of subnational method supply

variations within the EMU calculation process, focusing on case-study countries at the

subnational level.
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Conclusions

In this thesis, we have introduced a modelling approach for estimating modern contracep-

tive supply shares at the national and subnational administration level using Demographic

and Health Survey data, with an application to the calculation of estimated modern con-

traceptive use. Quantifying the role of the public and private sectors in the supply of con-

traceptive methods within countries is vital for effective and sustainable family-planning

delivery [8] [55]. However, many low- and middle-income countries quantify contraceptive

supply using out-of-date Demographic Health Surveys. Just under half of the countries

considered in this thesis have DHS data available at the national or subnational level after

2015. Therefore, a need exists for annual estimates of these method supply shares with

uncertainty. They provide key insights into the stability of the family planning market

and allow for its critical evaluation.

The applications of method-supply shares are not limited to evaluating family planning

market stability and sustainability. Method supply shares also serve a purpose in the

calculation of estimated modern use (EMUs), a family planning indicator that is derived

from family planning service statistics [79]. Service statistics are a routinely collected

data source that is available annually in every country participating in FP2030. They are

collected as a by-product of carrying out family planning service delivery, and so have low

costs and high geographic detail associated with them [49]. EMUs have been used in the

past as a supplemental data source for the Family Planning Estimation Model (FPEM).

FPEM is a Bayesian hierarchical model used to produce annual estimates with uncer-

tainty of key family planning indicators [2] [85]. In the absence of data from a large-scale

national survey, such as the DHS, EMUs are used to inform trends in modern contra-

ceptive prevalence within FPEM [11]. Therefore, EMUs and the components involved in

their derivation, such as the method supply shares, play a pivotal role in evaluating the

success of family planning programmes within individual countries, including those that

have made commitments to FP2030. In this final chapter, we briefly revisit the multi-

country national-level model proposed in Chapter 2, the mcmsupply R package used to
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disseminate this work in Chapter 4, and the application and impact of using the proposed

model estimates to derive EMUs from service statistics in Chapter 7.

In Chapter 2, we proposed a Bayesian hierarchical penalised spline model, with DHS

survey input, to estimate the proportion of modern contraceptives supplied by the public

and private sectors at the national administration level. Our approach shares informa-

tion across countries, accounts for survey observational errors and produces probabilistic

projections informed by past changes in supply shares, as well as correlations between

supply-share changes across different contraceptive methods. The case studies presented

consider five countries with varying amounts of DHS data available. They illustrated the

strength and flexibility of the modelling approach in its ability to capture the evolving

nature of the contraceptive supply share over time. The hierarchical setup of the model

and the imposed cross-method correlation structure allows the model to produce informed

estimates with uncertainty, even in cases where very limited data are available. We vali-

dated our model against simpler modelling alternatives, including a Bayesian hierarchical

penalised spline model where the cross-method correlation structures are set to 0 and a

Bayesian hierarchical linear model. For full details of these validation results see Chapter

3. The model results of each country in the dataset can be found in Chapter 9. In both

instances, the Bayesian hierarchical penalised spline model model described in Chapter

2 outperforms these modelling alternatives. In future work, we would like to focus our

analyses on incorporating relevant covariates to try and explain any potential differences

in supply shares across countries and within countries over time.

In Chapter 4, we presented the mcmsupply R package. This R package is an effective

way for us to disseminate our work and encourage the use of our models where estimates

of modern contraceptive method supply shares are required. The package implements

four types of models. These models vary by the administration level of their estimates

(national or subnational estimates) and dataset type utilised in the estimation (multi-

country or single-country datasets). Each of the functions contained within mcmsupply

is presented and explained using examples for each instance of model fitting (national or

subnational and multi-country or single-country). The use-case where a user may wish

to incorporate custom-data into the estimation process is also presented. Flow diagrams

explaining the set of R functions required for each modelling instance, as well as flow

diagrams summarising and linking the modelling description of the national models are

given to aid the reader in their understanding of the package. A complete mathematical

description of each model is given in Chapter 5 and the out-of-sample validation results

for the subnational and single-country models are found in Chapter 6. The model results

for each subnational province in the data are presented in see Chapter 9. In future work,

132



we hope to extend this R package to include functionality to incorporate the calculation

of EMUs from service statistics, using annual estimates of method supply shares with un-

certainty estimated by the mcmsupply R package to inform the private sector adjustment

step (see Chapter 7 for a full explanation of this process). Lastly, we understand that

a limitation of this package is the computational speed when running multi-country na-

tional and subnational models. These models take many hours of computing to complete

and so, are not ecologically friendly. An area of future work in this package concerns the

implementation of the JAGS models. The multi-country national and subnational JAGS

models have not been optimised. Hence, improvements such as matrix operations rather

than for-loops would greatly improve the computation efficiency of this package, making

it more energy efficient and minimizing it’s environmental impact.

Finally to conclude this thesis, in Chapter 7 we proposed an update to the existing esti-

mated modern use (EMU) derivation, which incorporates national-level annual estimates

of the method supply shares into the private-sector adjustment step of the EMU calcula-

tion. Using posterior samples for the annual method supply share estimates promotes the

propagation of uncertainty into the final EMUs. This chapter presents the mathematical

methodology of the EMU calculation process and compares and contrasts the existing

approach of using temporally invariant private sector adjustments to the proposed up-

dated approach using temporally-varying private sector adjustments with uncertainty. In

this chapter, we evaluate the impact of the proposed update on the resulting EMUs using

two case studies in Country A and Country B. In future work, we wish to extend this

proposed update to include subnational EMUs and evaluate the impact of the subnational

method supply shares within the EMU calculation process in some case-study countries.

We remark here that there are other aspects of the EMU calculation process that would

greatly benefit from annual estimates with uncertainty derived from Bayesian estimation,

such as the estimation of method continuation rates (see section 7.5, Step 1), and so this

is another area of future work.
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9
Appendix D: Model results

9.1 National multi-country model results

Below are the country estimates produced by the national level multi-country model for

the 30 countries we evaluated on.
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9.1. NATIONAL MULTI-COUNTRY MODEL RESULTS
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Contraceptive Supply in Benin

Figure 9.1: The projections for the proportion of modern contraceptives supplied by each

sector in Benin. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.2: The projections for the proportion of modern contraceptives supplied by each

sector in Burkina Faso. The median estimates are shown by the continuous line with

the 95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.
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Figure 9.3: The projections for the proportion of modern contraceptives supplied by each

sector in Cameroon. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.

137



9.1. NATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Commercial_medical Other Public
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Figure 9.4: The projections for the proportion of modern contraceptives supplied by each

sector in Congo. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.5: The projections for the proportion of modern contraceptives supplied by each

sector in Cote d’Ivoire. The median estimates are shown by the continuous line with

the 95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.
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Figure 9.6: The projections for the proportion of modern contraceptives supplied by each

sector in Ethiopia. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.7: The projections for the proportion of modern contraceptives supplied by each

sector in Ghana. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.8: The projections for the proportion of modern contraceptives supplied by each

sector in Guinea. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.9: The projections for the proportion of modern contraceptives supplied by each

sector in India. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.10: The projections for the proportion of modern contraceptives supplied by each

sector in Kenya. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.11: The projections for the proportion of modern contraceptives supplied by each

sector in Liberia. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.12: The projections for the proportion of modern contraceptives supplied by

each sector in Madagascar. The median estimates are shown by the continuous line with

the 95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.

146



9.1. NATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Commercial_medical Other Public

Contraceptive Supply in Malawi

Figure 9.13: The projections for the proportion of modern contraceptives supplied by each

sector in Malawi. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.14: The projections for the proportion of modern contraceptives supplied by

each sector in Mali. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.15: The projections for the proportion of modern contraceptives supplied by each

sector in Myanmar. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.16: The projections for the proportion of modern contraceptives supplied by each

sector in Niger. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.17: The projections for the proportion of modern contraceptives supplied by each

sector in Nigeria. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.18: The projections for the proportion of modern contraceptives supplied by each

sector in Pakistan. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.

152



9.1. NATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

19
90

20
00

20
10

20
20

20
30

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Commercial_medical Other Public

Contraceptive Supply in Philippines

Figure 9.19: The projections for the proportion of modern contraceptives supplied by

each sector in Philippines. The median estimates are shown by the continuous line with

the 95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.
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Figure 9.20: The projections for the proportion of modern contraceptives supplied by each

sector in Rwanda. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.21: The projections for the proportion of modern contraceptives supplied by each

sector in Senegal. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.22: The projections for the proportion of modern contraceptives supplied by

each sector in Sierra Leone. The median estimates are shown by the continuous line with

the 95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, grey for commercial

medical and gold for other private.
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Figure 9.23: The projections for the proportion of modern contraceptives supplied by each

sector in Tanzania. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.24: The projections for the proportion of modern contraceptives supplied by each

sector in Togo. The median estimates are shown by the continuous line with the 95% and

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.
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Figure 9.25: The projections for the proportion of modern contraceptives supplied by each

sector in Uganda. The median estimates are shown by the continuous line with the 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, grey for commercial medical

and gold for other private.

9.2 Subnational multi-country model results

Below, the method supply shares over time with uncertainty are plotted for each subna-

tional province and country included in the subnational multi-country data.
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Figure 9.26: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.27: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.28: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.29: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.30: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.31: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.32: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.33: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.34: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.35: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.36: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.37: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.38: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.39: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

173



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Hauts Basins, Burkina Faso

Figure 9.40: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.41: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.42: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.43: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.44: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.45: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.46: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.47: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.48: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.49: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.50: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.51: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.52: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

186



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Capital (Abidjan), Cote d'Ivoire

Figure 9.53: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

187



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Center, Cote d'Ivoire

Figure 9.54: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.55: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

189



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Center North, Cote d'Ivoire

Figure 9.56: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.57: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.58: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.59: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.60: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.61: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.62: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

196



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Small City, Cote d'Ivoire

Figure 9.63: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.64: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.65: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.66: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.67: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

201



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Addis Ababa, Ethiopia

Figure 9.68: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.69: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.70: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.71: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.72: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.73: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.74: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.75: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.76: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.77: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.78: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.79: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.80: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.81: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.82: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.83: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.84: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.85: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.86: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.87: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.88: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.89: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.90: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.91: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.92: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.93: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.94: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Gujarat, Dadra And Nagar Haveli, Daman And Diu, India

Figure 9.95: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.96: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.97: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.

231



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Jammu And Kashmir, India

Figure 9.98: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.99: The projections for the proportion of modern contraceptives supplied by each

sector. The median estimates are shown by the continuous line with the 80% and 95%

credible intervals marked by the shaded coloured areas. The DHS data point is signified

by a point on the graph with error bars displaying the standard error associated with

each observation. The sectors are coloured blue for public, gold for commercial medical

and grey for other private sectors.
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Figure 9.100: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.101: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.102: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.103: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.104: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.105: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.106: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.107: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.108: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.109: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.110: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.111: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.112: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.113: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Uttar Pradesh And Uttarakhand, India

Figure 9.114: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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West Bengal, India

Figure 9.115: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.

249



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Central, Kenya

Figure 9.116: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.117: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.118: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.119: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.120: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.121: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.122: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.123: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.124: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.125: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.126: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.127: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.128: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.129: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.130: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.131: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.

265



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Boeny, Sofia, Betsiboka, Melaky (Mahajanga), Madagascar

Figure 9.132: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.133: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.134: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.135: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.136: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.137: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.138: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.139: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.140: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.141: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.142: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.143: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.144: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.145: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.146: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.147: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.148: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.149: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.150: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.

284



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Tete, Mozambique

Figure 9.151: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.152: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.153: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.154: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.155: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.156: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.157: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.158: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.159: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.

293



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

Niamey, Niger

Figure 9.160: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.161: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.162: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.163: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.164: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.165: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.166: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.167: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.168: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.169: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.

303



9.2. SUBNATIONAL MULTI-COUNTRY MODEL RESULTS

IUD OC Pills

Female Sterilization Implants Injectables

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

19
90

20
00

20
10

20
20

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Year

P
ro

po
rt

io
n 

of
 c

on
tr

ac
ep

tiv
es

 s
up

pl
ie

d

Sector Public Commercial_medical Other

East, Rwanda

Figure 9.170: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.171: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.172: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.173: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.174: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.175: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.176: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.177: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Saint−Louis, Tambacounda, Matam, Kedougou (North East), Senegal

Figure 9.178: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.179: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Dar Es Salaam, Morogoro, Pemba, Pwani, Tanga, Town West, And Zanzibar (Coastal), Tanzania

Figure 9.180: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.181: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Geita, Kagera, Kigoma, Mara, Mwanza, Shinyanga, Simiyu, Tabora (Lake), Tanzania

Figure 9.182: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Iringa, Myeba, Nijombe, Katavi, And Rukwa (Southern Highlands), Tanzania

Figure 9.183: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.184: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.185: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.186: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.187: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.188: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.189: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.190: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.191: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.192: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.193: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.194: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.195: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.196: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.197: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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Figure 9.198: The projections for the proportion of modern contraceptives supplied by

each sector. The median estimates are shown by the continuous line with the 80% and

95% credible intervals marked by the shaded coloured areas. The DHS data point is

signified by a point on the graph with error bars displaying the standard error associated

with each observation. The sectors are coloured blue for public, gold for commercial

medical and grey for other private sectors.
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