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The Informal Sector Enterprise Surveys in Cities in Sudan, 2022

l. Introduction

This document provides information on the Informal Sector Enterprise Surveys data
collected by the World Bank Group's (WBG) Enterprise Analysis Unit (DECEA) in several cities
in Sudan. The survey covers the following cities: Khartoum, Omdurman, and Port Sudan. The
fieldwork was implemented by Ipsos Kenya and Consulsat Market Research, and the data was
collected between March 2022 and January 2023.

The primary objectives of the Informal Sector Enterprise Surveys are to: i) understand
demographics of the informal sector in the covered cities, ii) describe the environment within
which these businesses operate, and iii) enable data analysis based on the samples that are
representative at each city level.

This report briefly describes the sampling design of the data, the structure of the dataset as
well as additional information that may be useful for data users.

Il. Definition of Informality and Universe

The Informal Sector Enterprise Surveys cover all informal businesses within a well-defined
geographic area, typically a city. All eligible businesses are considered as forming the universe of
inference for the survey. Informality is defined as all businesses that are not legally registered with
the government and, therefore, are excluded from taxation. The exact details of these criteria vary
by country. For the 2022 Informal Sector Enterprise Surveys in cities in Sudan, a business is
considered informal if it is not registered with the Commercial Registrar. Thus, the universe of the
survey includes all businesses that meet the above definition of informality, including all sectors
of activity of any size. The universe excludes, however, any illicit or illegal activity.

I1l. Sampling Approach

This section briefly outlines the sampling approach of the Informal Sector Enterprise
Surveys (please see Aga et al. (2022) for further details). A challenge to conducting a
representative survey of informal sector businesses is the lack of a proper sampling frame since
these businesses are not registered and, therefore, they are almost always absent from official
registries or any other potential sampling frame. The Informal Sector Enterprise Surveys follow
an area-based sampling methodology. Each city is overlayed with a spatial grid, dividing the area
into squares of equal size.! In the case of the 2022 Informal Sector Enterprise Surveys in cities in
Sudan these squares measured 150 meters by 150 meters. This spatial grid is prepared using a GIS
software. Often, the boundaries of the city match a set of administrative boundaries. Nevertheless,
when appropriate, a wider urban area (possibly outside of administrative boundaries) is used to
best capture the extent of informal business activity in an area. The resulting map is reviewed and

1 This methodology can be applied to any geographic area. The Informal Sector Enterprise Surveys are typically conducted
within a city/well-defined urban area.



approved by the relevant WBG Task Team Leader (TTL) in consultation with the implementing
contractor. For the purpose of the 2022 Informal Sector Enterprise Surveys in Sudan, the shapefiles
outlining administrative boundaries were obtained from the Sudan Ministry of Urban Planning,
Department of Surveying.

Each square in the spatial grid, referred to as a block, constitutes a Primary Sampling Unit
(PSU). The Informal Sector Enterprise Surveys use the Adaptive Cluster Sampling (ACS) method
(Thompson, 1990, 1991), whereby an initial sample of starting blocks (n) is randomly selected
from the city's grid. See Appendix B for the number of starting blocks selected for each city. All
encountered informal businesses within each starting block are then fully enumerated. ACS takes
advantage of the expectation that informal businesses are geographically clustered. To do so, a
threshold number of informal businesses is defined. All blocks that meet the threshold trigger full
business enumeration of all surrounding blocks. This process of sample expansion continues until
no blocks meet the set expansion threshold.?

Each sampled block (starting or selected through subsequent expansions) is thoroughly
enumerated whereby basic information (such as sector, size, etc.) for all informal businesses
located in the block is collected (listed businesses). Enumerators are instructed to list and account
for businesses that refuse the listing exercise as well as those that are unavailable at the time of
fieldwork (e.g., they are encountered during off-hours). In those cases, enumerators record the
refusal/unavailability and record a few pieces of information by observation. A randomly selected
subset of the available enumerated businesses is interviewed through a 25-minute questionnaire
(“interview”). As such, the Informal Sector Enterprise Surveys follow a two-stage sampling
process, whereby a probability of selection is clearly defined by integrating selection probabilities
from both stages for each interviewed business resulting in a sample that is representative of the
informal sector at the city level.

For increased precision, the Informal Sector Enterprise Surveys use the stratified version
of the ACS. After the spatial grid is created, blocks in the grid of each city are categorized into
five strata: residential, commercial, industrial, mixed (commercial and residential), market center,
and open areas.® The stratification was based on local knowledge of cities by the respective field
teams of Consulsat Market Research. Note that blocks stratified as market centers are not selected
using ACS but rather through simple random sampling (SRS).

IV. Survey Implementation

This survey was fully implemented using the World Banks’ Survey Solutions CAPI
software. The selection for interviews was conducted in the field and in real time, via a random
algorithm programmed in the CAPI so that enumerators do not have control over who gets
selected. A detailed monitoring protocol was put in place during the data collection to ensure the
integrity of the fieldwork and methodology. In addition to supervision through assigned

2 Different patterns of expansion can be implemented through this methodology. The Informal Sector Enterprise Surveys
typically activate all surrounding blocks of those meeting the expansion threshold. If the expansion process is considerably longer
than expected, a TTL can force a stop to expansions.

3 There is a sixth category for blocks that are physically inaccessible. This category is excluded from the sampling.
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supervisors, every enumerator records his/her path using a tracking software (Oruxmaps) installed
on all CAPI tablets. Enumerators submit captured paths to a centralized server at the end of the
enumeration of every block. This tracking path is checked to ensure that enumerators have fully
covered the block assigned to them.* This quality check was done at high frequency. In cases
where the tracking path indicated a lower than acceptable level of effort in listing informal
business, the enumerator was asked to re-survey the block. For detailed information about the total
number of blocks covered, informal businesses enumerated, and interviews conducted in each city,
please see Appendix B.

V. Database Structure

The main datafile is based on interviews conducted through a standardized questionnaire,
which was piloted and reviewed before fieldwork, building on previous modules used by the World
Bank's Enterprise Analysis Unit to survey informal businesses. For more information about the
questionnaire, see Aberra et al. (2022). Together with the standardized questions, the 2022
Informal Sector Enterprise Surveys in cities in Sudan questionnaire includes a set of Sudan-
specific questions, all of which are marked with prefix "SDN". For more details, please see the
questionnaire provided as part of the survey documentation. The language in which the interview
was conducted is given in variable ala.®

The data contains a unique business identifier variable named idstd. Most variables in the
dataset are numeric, except those with suffix “x”, which are string variables. The variables wweak,
wmedian, wstrict are the (consolidated from the two stages) sampling weights corresponding to
the different weighting criteria (see next section for details). The sampling weights enable
inferences to the population of informal businesses in each city and are strongly recommended to
be used in data analysis. The variable strata indicates the sampling design stratum within each
city. The variable id_square identifies businesses that have been interviewed in the same block.

All monetary questions record the answers in the local currency unit, Sudanese Pound
(SDG).

VI. Sampling Weights®

To estimate population parameters, weights are applied to survey samples. In survey
designs following standard SRS, the selection probability of all units is known before the actual
data collection. Hence, weights can be derived as the inverse of the probability of selection. A
similar process is followed for ACS, with the probability of selection (within stratum) adjusted to
account for the adaptive selection process.

Let n,, denote the total number of starting blocks (PSUs) selected by stratum h, with A =
1,..., H indexing each stratum. Let N, denote the total number of blocks in the universe of stratum

4 Oruxmaps captures not only the path, but also how long an enumerator stayed in a block, the pace at which s/he is travelling
through it, etc.

5 The interviews were conducted in Arabic.

6 For seminal discussions of adaptive cluster sampling, including issue of sampling weights and proper estimators to use, see
Thompson (1990, 1991). Discussions and notation in this section draws heavily, among others, on Thompson (2012), Turk and
Borkowski (2005), and Tout (2009).



h. Within stratum, starting PSUs are selected using SRS without replacement. Whenever the
number of informal businesses in a given starting block is above a pre-defined threshold,
determined by city, all surrounding blocks are enumerated as long as they are not inaccessible or
market centers (market centers are selected by SRS and are not eligible for expansion). The
enumeration of surrounding blocks continues until no block meets the pre-defined threshold
requirement. This process produces a set of networks, which are formed by a group of contiguous
blocks that all meet the expansion threshold. Thompson (1990, 1991) defines a network as any
group of blocks where the enumeration of one block would lead to the enumeration of all blocks
in the network. This definition helps show how, within a network, the probability of selection can
be estimated. Specifically, let m; denote the total number of blocks in a network i.” In the case that
a starting block i does not meet the threshold, it is considered as a network with a size of m; = 1.
Then, the inclusion probability of a block in network i is defined as ; and given by®:

Np—mp,;
n ()
m=1-]] |
=l ()
The inverse of 1r; provides the first-stage weight for each block belonging to network i. For market

center blocks, the weight is calculated as Z—Z

In providing population estimates using ACS (with stratification), Thompson (1990, 1991)
has shown that these weights produce unbiased estimators; however, in many cases there will be
informal businesses that are enumerated in blocks that are not part of the starting selection and do
not meet the expansion threshold. These blocks are called edge units, and the unbiased estimators
call for omitting these blocks. The reason for this is that for edge units, there are neighboring,
surrounding blocks that have not been enumerated, and so the actual probability of selection for
edge units cannot be known. Due to the expense of fieldwork and the fact that there are often
interviews obtained in edge units, the choice has been made to calculate weights for edge units as
well. These weights are estimated according to the formula for r; with the following substitutions:
the term my, ; is replaced with (th,i + eh) where ey, is a dummy that equals 1 for edge units of
strata h and 0 otherwise, and n,, is replaced with 2n,.° The resulting weights have a known but
directionally agnostic bias on population estimates when edge units are retained in this manner.
As of the publication of 2022 Informal Sector Enterprise Surveys in cities in Sudan, we feel it is
worth the bias to retain the information collected.

The Informal Sector Enterprise Surveys datasets are also published with variables that
identify various groupings of blocks: M_ID identifies the network to which a block belongs. C_ID
denotes what is termed a cluster, which is a contiguous group of enumerated blocks, regardless of
whether those blocks are from the initial selection, part of expansions, and whether or not they

7 Note that within a network, all blocks are treated as the same, and so some ACS literature indexes by network rather than block.
8 1 there are no blocks with stratum h in the network i, then Ny, and n;, are set to 0. Note that with networks of size m; = 1, all
blocks will be within one stratum and the probability of selection simplifies to the same probability of the initial SRS selection
(within the stratum).

% In the special scenario where an edge unit is of a stratum that the adjacent network does not contain, the formula uses Nj, and
ny, of stratum h (i.e., avoiding adjustment detailed in footnote 4 above).
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meet the expansion threshold.'° Data users are provided these variables for their own discretion in
the treatment of standard errors: if a user believes that they need to adjust standard errors to account
for correlation within a given area, for example, they can choose to apply a clustering option by
C_ID.

The published Informal Sector Enterprise Surveys datasets consist of all interviews,
respondents of which are selected randomly within blocks. These datasets therefore include
second-stage weights that are applied to these interviews. These weights are produced by
multiplying the first-stage (block-level) weight by an adjustment factor, which is given by the
inverse of the ratio of the number of interviews completed to the total number of informal
businesses found in the block.** Since within blocks, there typically are both refusals to the
enumeration exercise and informal businesses that cannot be reached (and are recorded by
observation), assumptions may be needed to calculate this adjustment factor. Specifically, three
versions of the second-stage weights are provided based on different assumptions that are used in
estimating the total number of informal businesses found in a block, with varying ways of handling
refusals and unavailable businesses, as follows:

Assumption Variable Name Condition of Inclusion

Strict wstrict All confirmed informal businesses only
Median wmedian All confirmed informal businesses and refusals that
don’t have signage/permits on display
Weak wweak All confirmed informal businesses and all refusals

The strict assumption calculates the total number of informal businesses found in a block
by including only businesses that are confirmed to be informal. The median assumption assumes
that businesses that refused to participate in the survey and do not have signage and permits on
display are part of the informal sector of the economy; these businesses are added to those
confirmed to be informal. The weak assumption treats all refusals, regardless of signage and
permits, as part of the informal economy. Therefore, by definition:

wweak = wmedian = wstrict
Data users can choose to apply whichever weight they conclude is appropriate under these
assumptions. All indicators and analysis conducted by the Enterprise Survey team use the wmedian
weights.

Data users should note that there is a debate on whether and how to use weights in
regressions (see Deaton, 1997, pp.67; Haider et al. 2013; Lohr, 1999, chapter 11, Cochran, 1977,
pp.150). There is no strong, large-sample econometric argument in favor of using weighted
estimation for a common population coefficient if the underlying model varies per stratum

101t is therefore possible for a cluster to contain multiple networks.

11 Weights of the blocks that contain no completed interviews are proportionally transferred to blocks that (i) have at
least one completed interview, (ii) have the same stratum, and (iii) have the same first-stage weight. If matching
with these three parameters is not possible, the requirement of the same first-stage weight is replaced with a
requirement that the blocks are in the same cluster. If matching is still not possible, only the first two parameters are
used.



(stratum-specific coefficient): both simple OLS and weighted OLS are inconsistent under regular
conditions. However, weighted OLS has the advantage of providing an estimate that is independent
of the sample design. More generally, if the regressions are descriptive of the population then
weights should be used. If the models are developed as structural relationships or behavioral
models that may vary for different parts of the population, then there is no reason to use weights.

VII. Caveats

Although all possible efforts were exerted to successfully implement this methodology,
some informal business units are bound to be missed during enumeration, particularly the type of
activities that are hidden on purpose. This is more likely to be the case for household-based
activities, although the enumeration process involved, to the extent possible, knocking on every
house in each enumerated block to check for informal business activities. Additionally, as
explained above, the survey is representative only of informal businesses in the covered
geographic area and not necessarily of the entire province or country.
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Appendix A: Primary Sampling Units, Sampling Frames
Figure A-1: Khartoum
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Figure A-2: Omdurman
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Figure A-3: Port Sudan
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Appendix B: Details of Survey Implementation

Table B-1: Number of blocks enumerated, and interviews completed

Average
_ Universe of Starting Total number Informal_ n_umber of Interviews
City Strata blocks blocks of blocks business units informal comol
. . pleted
enumerated enumerated enumerated  business units
per block
Residential 3274 164 235 960 4 106
Commercial 1209 296 397 3432 9 281
Mixed 33 7 11 240 22 13
Khartoum  Market Centers 32 32 32 809 25 64
Open Area 1799 42 63 302 5 44
Inaccessible 849 - - - - -
Industrial 78 78 78 83 1 35
TOTAL 7274 619 816 5826 543
Residential 11795 384 613 4890 8 127
Commercial 121 97 98 299 3 13
Mixed 1079 165 284 4526 16 146
Omdurman Market Centers 110 82 82 5354 65 98
Open Area 2870 79 103 178 2 1
Inaccessible 2177 - - - - -
Industrial 230 230 230 5700 25 159
TOTAL 18382 1037 1410 20947 544
Residential 3613 206 434 1700 4 104
Commercial 62 62 62 151 2 26
Mixed 237 155 203 1919 9 135
Port Sudan Market Centers 16 16 16 488 31 42
Open Area 882 19 26 164 6 1
Inaccessible 8159 - - - - -
Industrial 22 22 22 78 4 15
TOTAL 12991 480 763 4500 323
GRAND TOTAL 38647 2136 2989 31273 1410
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Table B-2: ACS parameters, networks, and clusters

Threshold for Number of Number of
City ACS networks clusters
expansions enumerated enumerated
Khartoum 10 609 272
Omdurman 45 1006 476
Port Sudan 6 446 161
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