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Abstract: The arrival of the COVID-19 pandemic and the response by the South African
government was consistent with global trends and prompted unprecedented public procurement.
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1 Introduction and framework

The arrival of the COVID-19 pandemic and the response by the South African government was
consistent with global trends and prompted unprecedented public procurement. Government
responses included the application of a staged lockdown as well as large-scale mobilization of
procurement measures for emergency and medical services, business support as well as other social
incentives. Given the necessary swift action by provincial and national government, an unfortunate
consequence of the pandemic-related procurement was the heightened possibility of illicit and
corrupt procurement activities. To date, there have been numerous instances of corrupt COVID-
19-related procurement activities being exposed in local media, however, the extent of COVID-
19-specific corruption has yet to be identified or quantified. The purpose of this study is to analyse
procurement data pre-COVID-19 against the available COVID-19 emergency procurement data
to identify possible instances of corruption.

This note begins by analysing a pilot dataset on the procurement of goods and services for 2017—
20, made available by the Office of the Chief Procurement Officer, National Treasury of South
Affrica, in conjunction with UNU-WIDER. Initial analysis is conducted using Benford’s law' to
determine whether COVID-19-specific procurement data, specifically spend amount displays
distributional idiosyncrasies which may indicate the presence of corrupt procurement activity. The
note proceeds to develop and discuss a multivariate, multi-test empirical framework that relies on
an ensemble of tests for the statistical identification of probable cases of illicit spending practices.

2 Data and assumptions

The dataset applied in the analysis was the combined join of the LOGIS, BAS, and CSD datasets
and contained a cross-section of 2.942 million payments from Q2/2017 until Q4/2020. For the
analysis, the subset of key variables extracted is described below with the variable type in
parenthesis.

®  document date (Date)

o government entity (Categorical)

®  jndustry classification code (Categorical)
o payment unit price (Rand value)

o order quoted price (Rand value)

o payment guantity (Unit)

® e description (Categorical)

o  unit of issue (Unit)

o fund description (Categorical)

turnover (Categorical)
Black Economic Empowerment (BEE") level (Categorical)

o women-owned (Categorical)

! Benford’s Law (Benford 1939) is applied in determining the normal level of number duplicates in a dataset which
allows for the identification of outliers.



o spend amount (Rand value)

o spend per quotation amonnt (Rand value)
o spend per contract amount (Rand value)
o disbursed amount (Rand value)

o awaiting disbursed amonnt (Rand value)

o payment unit price (Rand value)

To ensure consistency of analysis on a like-for-like basis through time, all Rand value variables
were deflated using a CPI adjustment based to 2016. Document_date was applied as the date key as
it was found to be the most consistent transaction and contract date variable. In terms of the
categorical variables considered, government_entity represents the government procuring party for
each contract, industry_classification_code is the industry short-hand code of the supplier or service®
and zn_description represents the type of good or service contracted. Lastly, fund_description was
central to the analysis as it describes the government source of funds utilized for the respective
procurement spend. Fund_description was therefore used to define a COVID-19 binary variable and
was labelled true in instances where the fund description contained the word COVID.

3 Preliminary analysis of COVID-19 spending

The section that follows provides a summarized overview of COVID-19-related spending over
the latter 10 months of 2020. As mentioned, all analysis was conducted on the joined LOGIS, BAS
and CSD database where COVID-related procurement was isolated via the fund_description which
typically specified the purpose of the procurement spend. Any label that included the term
‘COVID’ was assigned a dummy variable of one, allowing for the clear separation of general
procurement over the period from COVID-specific procurement. Lastly, to minimize any impact
of inflation against prior years of the database, all monetary variables were deflated to 2016 values.

2 See Appendix A2 for industry_classification_code and industry_classification_name
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Figure 1: COVID vs. non-COVID expenditure
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Source: authors’ calculations based on data presented in Section 2.

Figure 1 describes total non-COVID and COVID-related procurement per month (based on real
spend_amonnt) over the period of investigation. The results show that COVID expenditure initially
diverged from non-COVID spending but accelerated and converged on towards the end of 2020.
The analysis further indicated that non-COVID-related expenditure (in 2016 terms) amounted to
R28.82bn compared to the COVID spend of ZAR1.26bn.’

Figure 2: COVID vs. non-COVID transactions
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Source: authors’ calculations based on data presented in Section 2.

Figure 2 describes the number of COVID versus non-COVID procurement transactions per the
joined database of the period of study. The results show higher levels of divergence specifically

? In the rest of the note, the currency code ZAR’ is shortened to ‘R’.



around August and December 2020, implying that the actual expended amount per contract
increased dramatically in December. Numerically, the total number of COVID specific transaction
recorded over the sample period totalled 5,884 compared to 481,385 non-COVID-related
transactions.

Figure 3: COVID spend across supplied goods/services industry
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Source: authors’ calculations based on data presented in Section 2.

Focusing on COVID spending, Figure 3 describes COVID-19 procurement split according to
industry. For brevity, numerical codes per the combined database have been used and are
described in Appendix A2. Out of 106 possible industties, the top 15 supplier-/contract-related
industries covered 83.6 per cent of all COVID-related expenditure in 2020 while the five largest
industries per the right-hand figure were food and beverage service activities (92—17.2 per cent),
construction of buildings (61-15.3 per cent), other personal service activities (193—11.7 per cent),
civil engineering (62—10.2 per cent) and specialized construction activities (62—10.2 per cent).

Figure 4: COVID spend across supplier size

Covid spend across company size
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Source: authors’ calculations based on data presented in Section 2.

Figure 4 describes the split of COVID-related expenditure across supplier size, proxied by sales
turnover where small entails turnover less than R10m per annum, medium between R10m and
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R50m and big being suppliers with turnover greater than R50m. The analysis indicates that the 67
per cent of suppliers responsible for COVID-related goods and services were small while only 13
per cent of services and goods were supplied by large (‘big’) suppliers.

Figure 5: COVID spend across BEE level and gender

Covid spend across BEE level Covid spend split according to gender
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Source: authors’ calculations based on data presented in Section 2.

Figure 5 describes COVID spend across BEE level and clearly indicates that most goods and
services (72.5 per cent) were sourced through level 1 suppliers. Suppliers with levels 2, 3, and 4
provided 12.3, 2.4, and 8.8 per cent respectively. Considering the gender split based on supplier
shareholding and management, the 70.6 per cent of COVID-specific suppliers were
male/predominantly male with the remainder being female.

Figure 6: COVID spend per government entity

Covid spend across government entities
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Source: authors’ calculations based on data presented in Section 2.

Figure 6 describes the split of COVID spending across government entity where government
entity represents the procuring arm of government (provincial or national). The figure shows that
the Eastern Cape was the biggest procurer of COVID services, being responsible for 61.1 per cent
(R767.7m in 2016 terms) of the total spend. The next biggest procuring government entity was the



Free State, constituting 15.9 per cent of the overall COVID spend (R199.2m) while national
government was responsible for 11.3 per cent of the total spend, equating to R141.4m of the total
COVID spend over the period.

4

A framework for identifying potential illicit spending

In order to identify potential corruption and illicit spending practices associated with COVID-19,
an empirical testing framework was developed that considers three core components:

Contract deviation analysis: Evaluation of differences between actual spending versus
contracted procurement spend across COVID-19 and non-COVID-19-related
expenditure. The focus of the analysis therefore attempts to identify instances of contract
spend deviations specific to COVID-19 procurement and provide a direct comparison to
deviation levels across non-COVID-19 procurement.

Supplier concentration analysis: Estimation of the Herfindahl-Hirschman Index (HHI)
provides insight to the extent of supplier concentration. Increases in concentration can be
considered evidence of unfair or corrupt procurement activity as procurement within a
pre-defined ‘economy’ is not spread equitably across suppliers. The higher the HHI index,
the closer an ‘economy’ is to a monopoly and the higher the possible propensity for illicit
ot corrupt procurement activity. Importantly, for the purpose of this study, the change in
HHI (as opposed to static HHI) between non-COVID-19 and COVID-19-specific
expenditure is explored.

Price and contract deviation outlier analysis: The analysis and detection of outliers is
commonplace across data science and econometric applications, as outliers can result in
incorrect inferences or relationships being identified. For the purpose of this study, the
identification and classification of outliers provides an additional layer of evaluation in
attempt to detect corrupt and illicit procurement instances. To detect possible
procurement datapoint outliers, the Mahalanobis distance (MD) developed by
Mahalanobis (19306) is applied to determine whether the Euclidian distance between two
points is significant in a multivariate space. The basis of the MD measure is to determine
whether a dependent variable can be considered an outlier based on the distributional
properties of its independent explanatory variables. The test allows for the evaluation
COVID-19 procurement in conjunction with like-for-like pre-COVID-19 procurement
data to determine whether the former can be considered an outlier based on the
distribution of the latter. If COVID-19-specific prices or contract payment differences is
found to be a statistically significant outlier, the result may point to illicit or corrupt
procurement practices.

A benefit of the described methods is that each provides unique information regarding the
detection of illicit procurement activities. A further benefit of the independence of each test,
beyond the informational analysis, is the ability to create a combined or ensemble test for
corrupt/illicit procurement identification.



Figure 7: Ensemble/combined test Venn diagram
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Source: authors’ illustration.

Figure 7 describes a Venn diagram that considers the outcome of each test run on the combined
LOGIS, BAS and CSD dataset. The outcome of each test can be converted to a binary outcome
labelled ‘high concern’ and ‘low concern’ across the procurement data. The combination of all
three tests allows for the stratification of the procurement data in subsets, where the highest
concern stratum considers contract/supplier instances that achieved three ‘flags’, represented by
the union of the three test circles above. Unfortunately, without « priori knowledge of specific
contracts that have subsequently found to be corrupt/illicit, determination of accuracy is
untestable but is an avenue of further research.

5 Contract deviation analysis

Contract deviation analysis focused on three key variables namely, spend amonnt, order quoted price
and payment_qguantity where the spend_amount represents the actual amount expended (‘actual spend’)
while the product of the latter two represents the contracted spend amount (‘contracted spend’).
An additional variable was created which calculated the log difference (percentage change) between
actual and contracted spend was labelled difference. Figure 8 that follows plots the distributions of
actual versus contracted spend over each year of the time period analysed. The results indicate that
in general, actual spend largely overlaps with the contracted amount. The figure further indicates
that the distributional plots do not show any distinct change in pattern across the years, barring
2020 displaying lower levels of kurtosis. The outcome is expected as 2020 was unique in terms of
conventional government spending being replaced by emergency COVID-19-related
procurement.



Figure 8: Quoted vs. actual spend distribution
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Source: authors’ calculations based on data presented in Section 2.

Figure 9: Quoted vs. actual spend scatter
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Figure 9 describes scatter plots per year of actual spend (y-axis) plotted against contracted spend
(x-axis). The white dots represent contract difference not equal to zero while the purple stars
represent contract differences above the dotted line, i.e. actual spend exceeds contracted spend.
Additionally, each scatter describes the proportion of differences greater than 10 per cent scaled by
the total number of non-zero differences. The results indicate that 2018 was the year with the
highest proportion of differences greater than 10 per cent, with 2020 being the lowest. Years 2020
and 2019 were economically similar, achieving proportions of 8.43 per cent and 8.31 per cent
respectively.

Figure 10 describes the djfference scatters stratified by government entity. Each scatter depicts non-
zero actual versus contracted spend (white dots), positive differences related to non-COVID-19
expenditure (blue stars) and positive to COVID-19 procurement (olive crosses). The top left text
in each scatter describes positive differences scaled by all procurement of the respective government
entity across COVID and non-COVID-19 procurement. First, the results indicate that Limpopo
and KwaZulu-Natal did not procure any COVID-19-related goods and services at a provincial
level. Second, both the Eastern and Western Cape experienced a relative increase in the proportion
of instances of actual spend amounts exceeding contracted procurement values during COVID-
19. Conversely, the Free State, Northern Cape, Mpumalanga as well as procurement at a national
level all experienced a decrease across COVID-19-related procurement contracts.

Figure 10: Quoted vs. actual spend scatter per government entity

Difference Scatter - NAT Difference Scatter - EC Difference Scatter - FS Difference Scatter - KZN

201 covio13.29% . 1 covioierr% . COVID 9.96% . 1 covioo.oo% .
Non-COVID 12.23% Non-COVID 23.81% -

Non-COVID 20.84% 4 y Non-COVID 9.92%

15 A

10 4

(o]
91 o O 0 (07 o &
Q0
- O © IS )
* . 0 *
-5 . [o e} *
Difference Scatter - LP Difference Scatter - MP Difference Scatter - NC Difference Scatter - WC
20 1 COVID nan% * T COVID 8.77% * COVID 6.64% * COVID 16.74% *
- O * * *
Non-COVID 1.55% * Non-COVID 11 7I"‘;O Non-COVID 12.97% Non-COVID 11.36%

e}
151 - %
o M
o ‘
101 o 3
& C ! o
54 %
.
. o
o8
04 . 1 .
* *
* * * *
. . P . .
5] « RS o . .
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20

Source: authors’ calculations based on data presented in Section 2.



Figure 11 describes the distributional differences in actual amounts expended versus contracted
spend across 15 supplier industries with the highest amount of aggregate spend amount over the
sample period. The results show that difference split according to supplier industry varies
dramatically on a distributional basis, yet once again show a high level of consistency between
actual against contracted spend over the full sample period.

Figure 11: Quoted vs. actual spend distributions across industry
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Figure 12: Quoted vs. actual spend scatters across industries
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Source: authors’ calculations based on data presented in Section 2.

Figure 12 describes the difference scatters stratified according to industry code. Once again, each scatter
displays all non-zero diferences, positive non-COVID-19 procurement differences (grey star) and positive
COVID-19 procurement differences (lime cross). Within each sub-scatter, the proportion of positive
differences between actual amount against contracted amount is described as a percentage over total
procurement, split between COVID and non-COVID-19 spending.

Based on the analysis per Figure 12, the results indicate that contracts where suppliers fall within the
industry codes 193 (other personal service activities), 92 (food and beverage services), 61 (construction
of buildings), 161 (education), 62 (civil engineering) and 3012 (pharmaceutical manufacturing)
experienced significant increases in actual amounts exceeding contracted amounts specific to COVID-
19-related procurement. Conversely, industries such as 73 (retail trade), 91 (accommodation), 104
(telecommunications), 171 (human health and social work activities), 143 (travel and tourism) and 3,023
(other manufacturing) experienced significant drops in actual versus contracted differences in terms of
COVID-19-related procurement.

6 Concentration analysis

The Herfindahl-Hirschman Index is applied as a proxy for the level of competition in a market
economy where high index values imply high levels of concentration or monopolistic
characteristics across a subset of suppliers. Similatly, low index measures indicate high levels of
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spread and equitable competition (Rhoades 1995; Pavic, Galetic and Piplica 2016; Carril and
Duggan 2020). The HHI formula is described below

n

HHI = Zs?

i=1

And is the sum of squared market shares across 7 suppliers. The analysis conducted focuses on
real spend amonnt of the top 50 suppliers® stratified according to industry and province (see appendix
A3 for a simple 10 supplier example and the impact of concentration on HHI).
industry_classification_code of the supplier industry was taken to denote the industry to which a
procurement contract belongs. Importantly, there is the possibility that suppliers were contracted
to supply goods other than those which fall in their industry.

Figure 13: Concentration through time
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Source: authors’ calculations based on data presented in Section 2.

Government entity is less considered in literature; however, such analysis may prove useful if
government entities responsible for procurement are treated as micro-economies or markets. Like

* Per literature, analysis typically limited to top 50 fitms/suppliers.
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the contract deviation analysis, the objective is to determine the impact of COVID-19 on
concentration. If concentration experiences a dramatic increase, it may signal a higher propensity
for and occurrence of illicit or corrupt procurement practices.

Figure 13 describes annual concentration over the period analysed. The bar chart describes the top
50 suppliers by spend_amount scaled by cumulative spend_amonnt as well as the HHI in each of the
respective years. The result indicates that when looking at overall procurement spend across all
suppliers within a particular year, the level of concentration remains both low and relatively
constant, implying high levels of competition and low levels of monopolistic tendencies across the
top 50 suppliers.

Figure 14 describes concentration analysis conducted across the six of the eight government
entities, with each bar representing the COVID-19 spend amount of the top 50 suppliers scaled by
their cumulative COVID-19 spend amount. Each sub-figure also displays white stars which
represent the level of concentration across the top 50 suppliers related to non-COVID-19
procurement as well as the COVID-19 versus non-COVID 19 HHI. The results indicate that
procurement conducted by Mpumalanga, Northern Cape, Western Cape and on a National level
have higher levels of concentration associated with COVID-19-related procurement. Further,
both the Eastern Cape and Free State, the two largest procuring government entities of COVID-
19-related goods and services, display lowered levels of concentration (the same however cannot
be said about the third largest procurer, national government).

Figure 14: Concentration across provinces
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Source: authors’ calculations based on data presented in Section 2.

More importantly, when considering the difference in concentration between COVID and non-
COVID-19 procurement, the results indicate that concentration increased for the Western Cape,
KwaZulu-Natal, Limpopo, Northern Cape, North West and Mpumalanga. Conversely, Gauteng,
Eastern Cape and the Free State all experienced drops in concentration with respect to COVID-
19-related expenditure. In terms of the magnitude of change, the North West experienced the
highest increase in concentration, producing an increase of over 1400 per cent when compared to
the HHI measured for non-COVID-19 procurement. All other province increases in HHI
averaged around 100 per cent barring the Western Cape which experienced a 59 per cent increase
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in concentration. Anecdotally, the HHI results for the Western Cape are surprising given that the
Western Cape is generally considered less prone to frivolous expenditure and procurement related
corruption.

Figure 15 that follows describes the change in the level of concentration across industries. Given
the relatively narrow period as well as lowered focus on non-essential procurement associated with
COVID-19-related procurement, several industries had less than 50 suppliers. For comparative
purposes, the number of applicable suppliers that engaged in COVID-19-related procurement was
applied as # when calculating and comparing HHI for the said industries non-COVID-19-related
procurement.

Figure 15: Concentration across industries
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Source: authors’ calculations based on data presented in Section 2.

The results of the analysis indicate that seven of twelve industries considered experienced dramatic
increases in concentration associated with COVID-19 procurement, namely: 91 (accommodation),
62 (civil engineering), 72 (wholesale trade), 171 (human health and social work activities), 143
(travel agency), 3023 (other manufacturing) and 34 (textile manufacturing). Several industries
experienced modest increases in concentration, namely 91 (accommodation), 3011 (Manufacturing
of chemical products), 62 (civil engineering), 73 (retail) and 72 (wholesale trade). As with the
government entity analysis, several industries experienced decreases in concentration, implying
that competition increased, namely 193 (other personal services), 92 (food and beverage services)
and 61 (construction). The results of the analysis indicate that on both a provincial and industry
level, the impact of COVID-19 on procurement competition levels varied dramatically, potentially
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being a symptom of the unique nature of the pandemic and government’s subsequent reaction.
However, instances of extreme increases could possibly indicate higher levels of corruption,
specifically procurement activity that may have flouted processes prescribed by the PFMA.

7 Outlier analysis

The final analysis considered focuses on outlier detection and applies the popular Mahalanobis
Distance (‘MD’ hereafter) conceptualized by Mahalanobis (1936). MD is a measure of distance
between a point P and a distribution D. MD differs to conventional Euclidian distance as it allows
for the determination of distance in a multi-variate space where the distribution of independent
variables is applied to determines P’s distance to the mean of D. Put differently, MD is effectively
the calculation of a multi-variate z-score that offers a simplistic framework for classifying data
points as outliers and statistically determining the extent of an outlier. The requirements of
calculating MD are like that of typical regression analysis, namely that independent variables are
correlated with the dependent variable but uncorrelated with each other. Lastly, critical values can
be calculated using a chi-square with degrees of freedom equal to the 7 independent variables

applied.
In reference to COVID-19 corrupt procurement detection, MD was applied to:

a) Determine whether COVID-19 pricing for specific and discernible goods and services can
be considered outliers.

b) Evaluate whether COVID-19 difference instances (actual versus contracted) can be
considered outliers.

7.1 Payment unit price outlier analysis

To test for outliers in COVID-19 pricing of goods and services, the underlying procurement data
was limited to instances where payment_unit_price was equal to spend_amount scaled by
payment_quantity and that the unit_of issue variable was labelled EA, representing singular units (‘EA’
equates to ‘each’) and not groupings of items.” The ion_description was then applied as a means of
determining the item or service specific to the respective contract. The empirical design of the MD
test applied the COVID-19 real price of the good or service and applied the historical (real) average
non-COVID-19 prices as the explanatory (independent) variable.

Figure 16 describes the output of the MD test conducted on the average COVID-19 unit price
against the average non-COVID-19 unit price. Within the scatter, each dot represents a specific
good or service while an observation is presented as a red cross if the chi-squared p-value
associated with the MD statistic is less than 10 per cent. The size of the cross indicates the
respective points significance, while the hue represents whether the outlier is above (higher price
entails darker red) or below (lower price entails lighter red) the diagonal dotted line. Consistent
with the contract difference and concentration analysis presented above, outlier analysis is
conducted on government entity where the proportion of significantly positive outlier instances
are explored.

> Limiting the data on this basis only resulted in a 2.2% attrition of the original combined datasets.
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Figure 16: Mahalanobis distance calculated on average payment unit price
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Source: authors’ calculations based on data presented in Section 2.
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Figure 17: Mahalanobis distance calculated on average payment unit price per province
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Source: authors’ calculations based on data presented in Section 2.

Figure 17 describes MD analysis conducted on a provincial level and for the purpose of
comparison, limits the analysis to the specific goods and services procured during COVID-19.
This allows for a like-for-like test of COVID-19 real prices against aggregate non-COVID-19 real
prices. The results indicate that the Eastern Cape, Northern Cape and Free State experience a

16




higher number of positive and significant outliers across COVID-19-specific goods and services.
The table below describes the top 10 goods and services price outliers (ien_description) per
government entity.

Table 1: Top 10 outlier procured goods and services per province

Rank

National

Eastern Cape

Free State

Mpumalanga

Northern Cape

Western Cape

1 Consulting*** Professional File Server** Services*** Training*** Security***
fees***
2 Printing*** ;Iac‘)ir:it:ucnon/Re Services*** Cleaning*** Clothing*** Cleaning***
3 Service *** Construction*** Egg‘iﬁgﬂ Fumigation*** Drill*** Advertisement***
4 Service *** Fees*** Project*** Security Motor Vehicle*** Hygiene***
5 Courier*** E?;r:;‘t)izlz*** Printing*** Paint Sign board*** Advertisement***
- Building
Digital h Contracted . -, . .
6 alterations and ) Delivery Disinfection*** Cleaning***
Thermometer*** I Services***
additions***
: Service — _—
7 Clea_nlng*** Payment of Ventilators** Poverty Relief Provi Tf,:al Printing***
Services water- Road
- Building . . Blood Gas Advertising
Kk *
8 Disinfectant Renovations* Fencing Delivery of PPE Analysers Production™
Building . Electrical A
Kk *k
9 Scanner Renovations* Services Masks Maintenance* Gas hire
. Emergency Blood Gas :
% kk 3
10 Advertisement: building work Analyser Masking Tape Laboratory Doctors fees

Note: *** ** * [ndicate significance at the 1%, 5%, and 10% level.

Source: authors’ calculations based on data presented in Section 2.

The result of the government entity analysis displayed in Table 1 indicates that COVID-19-specific
pricing spiked for the goods and services described in the table above. It is possible that the said
outliers are reasonable given the possible shifts in supply and demand for certain goods caused by
the pandemic, however, all outliers should be investigated to determine whether such differences
are possibly explained by illicit or corrupt procurement pricing. As expected, numerous goods and
services relate to expected items such as medical equipment, sanitisers, and fumigation, however,
a number of generalized services are present across the top 10 per province. The application of
generalized codes or labels for either goods or services i.e. ‘consulting’, ‘service’, ‘building repairs’
can itself become an additional identifier that forms part of the analytical framework, given that
broad, opaque definitions may be an additional indication of illicit or corrupt procurement activity.

7.2 Contract deviation outlier analysis

To explore potential outliers on a supplier industry level, MD analysis is conducted on calculated
difference between average actual versus contracted spend grouped