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Abstract

The Value-Added Tax incentivizes taxpayers to self-enforce compliance within a sup-

ply chain. Combining administrative tax data and a randomized experiment in NewDelhi

nudging on-time payment, we show that the same incentives that create positive compli-

ance spillovers can constrain enforcement when suppliers are delinquent, because influ-

encing supplier behavior is costly. While nudges increase compliance by 8 percent on

average, only taxpayers with high compliance in their supplier network respond. Tax-

payers file on time, yet lower net tax payments and continue buying from delinquent

suppliers. Our findings highlight how the effectiveness and distributional burden of en-

forcement depends on production networks.
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1 Introduction

The Value-Added Tax (VAT) is one of the largest contributors to government revenue in the

world and a cornerstone of tax policy in countries with limited state capacity. A central appeal

of the VAT is its self-enforcement property; that the same transaction provides tax credits to

the buyer and creates a tax liability for the seller, generating independent reports of the same

transaction, asymmetric incentives for the transacting parties, and tax withholding. These are

all features that are proven to improve tax compliance (Waseem, 2022).

The first mechanism—generating third-party information—still requires the tax authority

to intervene to identify and resolve discrepancies in reports. The infeasibility of comprehen-

sivemanual verificationwas recognized early on as a practical limitation of the VAT that could

be overcome with technological advances (Tait, 1991). These advances have largely been re-

alized. Innovations like e-filing, e-invoicing and real-time cross-verification are now widely

applied across the world and tie the receipt of credits to the provision of accurately reported

information by the seller. If a supplier fails to file, underreports sales on the e-invoice or

makes other errors, the buyer’s credits are denied, increasing the buyer’s liability. This forces

buyers to monitor or pressure their suppliers to comply, or to replace them, tasks that would

otherwise fall to the tax authority.

In this paper, we show that in a system with comprehensive, real-time cross-checks, even

buyers who wish to comply may choose not to if their suppliers are non-compliant. When a

buyer’s tax credits depend on the supplier’s filing, a strategic complementarity is created: a

compliant buyer increases the cost of supplier non-compliance, while a non-compliant sup-

plier increases the cost of buyer compliance. Faced with a non-compliant supplier, the buyer

must either forgo credits and accept a higher net tax liability, or induce the supplier to comply.

If the supplier cannot be influenced, for example due to strong market power, the buyer may

choose to lower their liability by underreporting their own sales instead.

We show evidence of such an adverse network effect on compliance in the context of the

Goods and Services Tax (GST) in Delhi, India, where buyers can claim input tax credits only for

invoices reported by their suppliers. We combine administrative GST registration and filing
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data from 2020–2022 with invoice-level records that link each buyer to its suppliers. In this

setting, late filing is directly observable and equivalent to late payment, allowing us tomeasure

an evasion margin that is usually hidden. We use a randomized voice-message experiment to

perturb perceived enforcement among taxpayers with a history of late payment. Buyers with

delinquent suppliers do not change their payment timing in response to enforcement but do

becomemore punctual on returns that are not linked to supplier behavior. Even among buyers

with fewer delayed credits, who do respond to enforcement, supplier behavior is unchanged.

Instead, buyers underreport output and lower their net tax liability. Reducing delinquency

decreases compliance on another margin.

We present a framework of the taxpayer’s decision-making at the payment deadline when

they must choose when to pay, what sales to report and whether to influence their suppliers

after considering supplier behavior and associated costs of misreporting, nudging suppliers,

and perceived penalties. Supplier behavior determines available input tax credits and hence,

the net liability of the taxpayer. Because it is costly to influence non-compliant suppliers’

behavior, taxpayers with higher costs of nudging suppliers are more sensitive to supplier

compliance. As a result, higher perceived penalties will nudge taxpayers into filing before the

deadline only if they overcome the costs associated with misreporting and nudging suppliers.

When taxpayers switch to filing on time, they may become non-compliant on other margins

such as reported sales. We test these predictions by experimentally varying perceived penal-

ties.

In our experiment, taxpayers were randomly assigned to receive automated voice mes-

sages either reminding them of filing deadlines (reminder), warning of penalties (deterrence),

or no message (control). These messages increased on-time payment by 8 percent on aver-

age. However, this average masks stark heterogeneity: Buyers with high supplier compliance

(above-median share of timely credits) responded strongly to deterrence messages, increasing

the likelihood of on-time payment by 11 percent. Buyers with low supplier compliance be-

come about 2 percent more likely to pay on time, not a statistically significant change.

We further isolate the effect of networks on buyer behavior by exploiting a feature of

the institutional structure: The same taxpayer must file two forms, but only one of them is
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used for making payments and hence is mechanically linked to seller behavior. Our frame-

work predicts that taxpayers should only care about upstream compliance when it affects

their own tax liability, i.e., filing of the payment-linked form. In line with our prediction,

we observe heterogeneous responses to the nudge only for the payment-linked form and not

for the credit-linked form which is unaffected by supplier behavior. By comparing responses

across tax forms for the same set of taxpayers, these estimates isolate the effect of upstream

compliance holding constant the effects of any unobserved variables such as sorting of taxpay-

ers into complaint production networks based on factors such as risk aversion. Furthermore,

an experimentally-induced increase in supplier compliance raises taxpayer response to the

nudge. A 10 percentage point increase in the share of suppliers treated increases taxpayer re-

sponse by 1.25 percentage points, again suggesting a causal link between supplier and buyer

compliance.

Responding taxpayers often reduced reported sales to avoid higher net payments. When

choosing to file on time with missing credits, taxpayers are 13 percent more likely to report

zero output tax liability and 5 percent less likely to report any increase, resulting in a decrease

in net liability despite claiming fewer credits. A natural explanation for the decrease in output

liability is evasion since these responses occur after production decisions have already been

made. A nudge to increase compliance on onemargin can lead to evasion on a differentmargin

if buyers cannot change their suppliers’ behavior.

Across the board, buyers rarely switched away from non-compliant suppliers or changed

the behavior of existing suppliers, showing the limits of a key channel through which the

VAT is traditionally thought to propagate compliance. Our study sample consists of buyers

who were choosing to trade with non-compliant sellers even in a system where this non-

compliance is costly to the buyer. The switching frictions and non-response to enforcement

were largest among buyers who face concentrated input markets where the cost to change

supplier behavior is plausibly higher.

These results show that when invoice matching links buyers’ credits to their suppliers’

compliance, weak upstream compliance can blunt or even nullify the effects of downstream

enforcement. The findings underscore the role of production networks in shaping the inci-
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dence and effectiveness of VAT enforcement, and they highlight the potential for switching

frictions and market structure to create persistent pockets of evasion.

A key challenge to empirically examining the effect of supplier non-compliance is the clas-

sic difficulty in tax evasion research: that evasion is often hidden. Among registered firms,

the impact of an enforcement intervention is generally measured by an increase in reported

liability rather than a decrease in evasion because the underlying amount of evasion is un-

known.1 Researchers often cannot distinguish between cases where the firms fail to report

higher liability because they are already truthful and cases where they continue to evade. By

focusing on an observable margin of non-compliance, delayed payment, we overcome this

challenge.

Our work contributes to the small but growing literature on VAT network effects (e.g.,

Pomeranz, 2015; Almunia et al., 2023, 2024), extending it by showing how network character-

istics can limit effectiveness of enforcement. In many cases, the effect of networks is informa-

tional. Taxpayers learn about enforcement or norms from peers (Boning et al., 2020; Paetzold

and Winner, 2016; Drago et al., 2020). Under the VAT, network effects also arise mechanically

through liability linkages (input-credit claims), creating strategic complementarities in compli-

ance. Related work documents complementarities at the registration margin: firms sort into

chains of VAT registration and non-registration (De Paula and Scheinkman, 2010; Gadenne

et al., 2023), and firms bunch at VAT thresholds, shaping selection into the system (Liu et al.,

2021). We extend this logic to the compliancemargin among already-registered firms, showing

how stronger self-enforcement incentives can propagate upstream non-compliance to buyers.

A growing literature emphasizes studying the VAT “as implemented,” including frictions

in forming and reconfiguring trading relationships (Brockmeyer et al., 2024; Slemrod and Ve-

layudhan, 2022). Our evidence that buyers often do not switch away from non-compliant

suppliers aligns with firm-to-firm search and matching frictions (Eaton et al., 2022; Fontaine

et al., 2023; Dhyne et al., 2022; Miyauchi, Forthcoming; Bernard et al., 2019). These frictions

imply that network position and market structure shape the effectiveness and incidence of

VAT enforcement.

1See for example Pomeranz (2015) on VAT evasion, Antinyan and Asatryan (2024) for a survey.

5



Finally, our findings connect towork on tax administration technology. While self-enforcement

is powerful, tax gaps persist via over-claimed refunds, ghost firms, andmisclassification (Waseem,

2023; Carrillo et al., 2022; Fisman andWei, 2004); even after detection, collection is hard (Best et

al., 2021; Barwahwala et al., 2024). Proposed fixes—e-filing, e-invoicing, and electronic billing

machines—can help (Okunogbe and Pouliquen, 2022; Bellon et al., 2022; Fan et al., 2018; Eissa

et al., 2014), and invoice-matching is increasingly used to police refunds (Shah, 2020). We

show a downside: when upstream firms fail to file, invoice-matching shifts risk and compli-

ance costs onto downstream buyers, dampening the impact of authority-led enforcement.

From a policy perspective, the results suggest that enforcement design should account for

taxpayers’ position in the supply chain. Downstream-only enforcement may fail when up-

stream compliance is weak, shifting enforcement costs onto buyers and creating horizontal

inequities—especially for firms in concentrated supplier markets or low value-added sectors.

Strengthening upstream enforcement or lowering switching costs could preserve the infor-

mational advantages of invoice matching while mitigating these unintended burdens.

The rest of this paper is organized as follows. We describe the relevant aspects of the In-

dian GST in Section 2. We describe our data in Section 3. In Section 4, we present a simple

conceptual framework underlying firms’ decisions and its dependence on their network’s be-

havior . Our experimental intervention and estimation specifications are described in Section

5. Section 6 presents our results. Finally, Section 7 concludes.

2 Tax Filing and Payment in the GST

India introduced the Goods and Services Tax (GST) in 2017 in a major reform that replaced

several commodity taxes, including state-specific VATs, with a nationwide VAT. From the be-

ginning, its administration was digitally sophisticated and mandated e-filing of all returns.

The main returns – known as the GSTR-3B and GSTR-1 forms – are filed on either a monthly

or quarterly basis based on a taxpayer’s annual revenue.2 TheGSTR-3B form is a self-reported

2Registration is mandatory for manufacturers with annual revenue above Rs. 4 million and for service firms
with annual revenue above Rs. 2 million. The GST is broad-based with a few commodity and use-specific
exemptions. Since January 2021, taxpayers with annual turnover less than Rs. 50 million can file their GSTR-1
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summary of their sales, purchases, and tax liability, and is filed simultaneously with tax pay-

ment. We refer to this as the payment-linked form as late-filing also means late-payment. The

GSTR-1 form contains invoice-level details of a firm’s transactions with other GST-registered

firms. We refer to this form as the credit-linked form, as a taxpayer’s buyers only receive tax

credits for transactions reported on this form.

When a supplier files their credit-linked form (the GSTR-1), the buyers’ “GSTR-2” forms

are auto-populated with this information. By downloading this form, a buyer can immedi-

ately know what credits are available to them and from whom. The buyer then has to nudge

their sellers to file to receive their credits in time to make their payment. There is no simple

recourse for the buyer to independently report credits owed or to alert the tax authorities to

their suppliers’non-compliance. In fact, the role of the buyer in ensuring supplier compliance

is so entrenched—despite taxpayers’ grievances and litigation—that commercial accounting

software specifically advertises the automation of supplier nudges as a selling point to tax-

payers.3

While such a policy may seem unique to India, all VAT systems place some enforcement

burden on trading partners as theymust choose how to reconcile different information reports

about the same transaction. At one extreme, all taxpayers self-report and any discrepancy

must be resolved on a case-by-case basis using the resources of the tax authority. In set-

tings where these resources are limited, digital solutions are already filling the gap in a way

that pushes the burden onto taxpayers. For example, Pakistan employs real-time algorithm-

based invoice verification to approve or disapprove input tax credit claims (Shah, 2023; Fan

et al., 2018). These solutions seem appealing in light of vast, easily detectable discrepancies

in other VAT systems with digitized return information (Almunia et al., 2024). In other high-

income settings, such as Germany and Canada, tax authorities require buyers to exercise ‘due

diligence’ in verifying the compliance of their suppliers.45 Failure to do so can lead to ex-

tensive audits and ITC denial even when no fraud was committed by the buyer. The self-

enforcing mechanism shifts the enforcement burden to some degree to the buyer. India’s

and GSTR-3B quarterly and all others must file monthly.
3https://cleartax.in/s/max-itc
4https://www.lhp-group.com/news/article/denial-of-input-tax-deduction-even-in-the-case-of-unintentional-participation-in-vat-evasion-in-the-supply-chain/
5https://marcil-lavallee.ca/en/bulletin/gst-hst-risks-of-dealing-with-a-shady-supplier-2/
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invoice-matching system simply exacerbates this dynamic.6

Besides creating incentives within the supply chain to increase compliance, the Indian tax

authority employs additional measures to enforce filing compliance. There are several mon-

etary and non-monetary enforcement measures in place to encourage filing, some of which

were imperfectly implemented in practice during our study period (see Appendix C for details

of penalties). For example, late-filing penalties and interest were only paid by a small fraction

of delinquents (see Figure A1). On-time filing rate of both forms are about 70 percent in New

Delhi. For comparison, on-time VAT filing rate is on average 77 percent across 117 countries,

with even some lower middle-income countries reporting 100 percent on-time filing.7 Con-

texts with weaker enforcement environments and high evasion among upstream firms are

likely to see stronger adverse network effects than what we observe in India.

One additional institutional feature makes filing compliance important in the Indian con-

text. GST revenue is shared between the central and state governments. As in many federal

countries, revenue sharing is a contentious and sensitive issue.8 Although revenue is col-

lected potentially across many states along the production chain, it is ultimately allocated to

the state where final consumption occurs. GST filings provide the supply chain information

to accurately apportion revenue across states. Delinquent filing reduces the accuracy of this

information and leaves large amounts of revenue unallocated.

Our study takes place within New Delhi, one of the largest metro cities in India, which

accounts for about 5-6 percent of total GST revenue. As of July 2021, 32 percent of the Delhi-

registered taxpayers made late payments, which is slightly lower than the national average

of 35 percent.9 Taxpayers in New Delhi are typical of large, urban centers – hubs of manufac-

turing, services, and retail rather than agriculture. Characteristics of taxpayers in our sample

are further described in Section 3. In terms of GST administration, Delhi taxpayers face the

same rules, use the same filing portal and file the same forms as all other GST taxpayers since

6Even in settings where the two parties in a transaction can make separate reports, unilateral action by one
party can result in a discrepancy, which could be undesirable for both even if the consequences are not as direct.
For example, a seller’s failure to report a transaction could be construed as an overreport by the buyer and require
documentation or some other onerous participation in an audit.

7Source: IMF RA-FIT statistics https://data.imf.org/?sk=4B1DFA79-F9A6-4FFD-8ED0-C41DDA7252F6
8https://www.business-standard.com/article/current-affairs/cag-pulls-up-govt-for-erroneous-process-of-igst-devolution-to-states-121112901302_

1.html
9These data can be accessed on https://www.gst.gov.in/download/gststatistics
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policy is set centrally.

3 Data

We use administrative data from registrations and tax filings of all GST taxpayers registered

in New Delhi between December 2020 - May 2022. It includes business details provided at

registration such as the sector of business, phone number, etc., sales and purchases reported

on GSTR-1 and GSTR-3B forms. Crucially, we can construct supply networks from this data

including the value of transactions between taxpayers.

Our experimental intervention targeted the subset of these registered taxpayers with a his-

tory of filing delinquency, chosen because these taxpayers are likely to be delinquent again.

About 78% of taxpayers who file their return late in a given month also file late in the subse-

quent month. In contrast, only 25% of taxpayers who file on time in a given month, fail to do

so in the subsequent month. Of 341,854 taxpayers in our full sample who were registered as

on July 2021, about 60 percent had filed their payment-linked form late or did not file it all, at

least once between January and June 2021.10

Two additional restrictions were necessitated by the practical logistics of the intervention:

1) Because we worked with the Delhi state commercial tax authority, we limited the inter-

vention to taxpayers directly administered by the state11, 2) Because the intervention was

delivered through automated voice calls to the taxpayer’s registered phone numbers we drop

any taxpayers that shared a number with another taxpayer in our sample.12 These restrictions

leave us with 284,240 unique taxpayers who are similar in most respects to the full population

of taxpayers.

Limiting our sample to state-administered taxpayers implies that the average firm in our

10We exclude a few very large taxpayers who sell to a large number of taxpayers (over 200). This was to limit
treatment spillovers.

11In the GST, taxpayers are partially randomly assigned to be administered either by the state revenue au-
thority or the central revenue authority. Both tax authorities can access data on all taxpayers registered within
the state and could even take enforcement action against them but they are the primary adminstrative authority
over the assigned subset.

12Taxpayers may have the same registered phone number if they listed the number of their accountant, for
example, or if they are businesses with a common owner.

9



sample is slightly smaller than the average GST-taxpayer in Delhi. Appendix Table A2 com-

pares characteristics of taxpayers registered with the state versus the center. State-registered

taxpayers are about 7 percentage points more likely to have inter-state sales, and have, on

average, been registered for about 6 months longer. Overall differences between the two pop-

ulations are economically small though statistically significant, particularly in terms of filing

compliance. Both groups show similar patterns of late filing – about 50% for GSTR-3B and

78% for GSTR-1. Around 20% taxpayers in both groups have a pending tax return. Propensity

to share a phone number with another taxpayer is also similar, at around 38%.

Limiting our sample to taxpayers with unique phone numbers is unlikely to affect the

external validity of our findings. Appendix Table A3 compares taxpayers with and and with-

out a shared phone number, among state-administered taxpayers. Again differences here are

statistically significant though economically small – even smaller than differences between

central government and state taxpayers. The two groups are similar in age, inter-state sales,

size of network, and other characteristics. Compliance behavior among the two groups is also

very similar with differences of no more than 1 percentage point in ever-filing and on-time

filing rates. Our measures of supplier network characteristics are constructed including all

suppliers of the targeted taxpayers who are registered in Delhi.13

The final data is a taxpayer-by-month dataset of all registered firms who were required

to file a GSTR-1 or GSTR-3 form during this time, their filing outcomes, and tax payments.

In addition, invoice-level information reported on GSTR-1 forms by taxpayers enables us to

link buyers and suppliers, and quantify the strength of their relationship based on the value

of transactions between them. We use baseline characteristics of the taxpayer (filing compli-

ance behavior, type of business, turnover, etc.) as measured in July 2021 to select our target

population and assign them to treatment groups as described in Section 5. Our outcomes are

measured from August 2021 onwards. A key explanatory variable is the compliance level of

the supplier network, defined as the share of input tax credits that are available on time. This

13Many taxpayers both buy from and sell to other GST-registered entities and as such can be both “buyers”
and “sellers” in our analysis. We limit and organize our sample based on the characteristics of taxpayers as
buyers, but any outcomes and characteristics of the seller network of these buyers will include all sellers. For
example, a taxpayer A who filed all their returns on time but sold to a delinquent taxpayer B is excluded from our
analysis sample. But our measure of taxpayer B’s (who is included in the sample) supplier network compliance
will include taxpayer A’s compliance.
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variable is constructed taking a weighted average of dummies for whether each supplier filed

their credit-linked return on time in July 2021, weighted by the amount of credits received

from that supplier. Details of variable construction for this and other key variables used in

the analysis are given in Appendix A.

In our main analysis, we limit attention to taxpayers whose network pre-treatment is com-

posed mainly of sellers registered in Delhi.14 We do so because we can only characterize the

compliance behavior of taxpayers registered in Delhi on whom we have data. A robustness

check re-weighting our analysis sample to match characteristics of the excluded sample re-

assures us that this sample restriction does not affect external validity of our results. Since

our focus is on estimating the impact of network compliance on enforcement efficiency, we

further restrict attention to taxpayers with some non-compliance in the seller network. Table

1 describes the characteristics of our main analysis sample, which is similar to the full sample

(provided in Appendix Table A1) along several characteristics like average age of registered

firms, sector of operation, number of sellers in the network, and sales.

14We restrict the sample to taxpayers who receive at least 70 percent of input tax credits claimed from Delhi-
registered sellers. They are registered in Delhi but may be assigned to administered by either the state or central
tax authority.
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Table 1: Summary Statistics of Main Sample

Mean Median Std. Dev. Min. Max. Obs.

Previous late-filer 1.00 1.00 0.00 1.00 1.00 26,877
Share Sellers State-Registered 0.62 0.66 0.30 0.00 1.00 26,877
Network Compliance, Jul 2021 0.63 0.75 0.35 0.00 1.00 26,877
GSTR-1 Filed On Time 0.77 1.00 0.42 0.00 1.00 26,877
GSTR-3B Filed On Time 0.80 1.00 0.40 0.00 1.00 26,877
Reminder 0.15 0.00 0.36 0.00 1.00 26,877
Deterrence 0.60 1.00 0.49 0.00 1.00 26,877
Retailer 0.40 0.00 0.49 0.00 1.00 26,877
Upstream 0.29 0.00 0.45 0.00 1.00 26,877
Services 0.10 0.00 0.30 0.00 1.00 26,877
Months Registered 43.81 50.00 12.96 6.00 50.00 26,877
Has Inter-state sales 0.84 1.00 0.37 0.00 1.00 26,877
Number of Sellers from Delhi 16.76 11.00 21.67 1.00 692.00 26,877
Log(Output Liability) 11.40 11.55 1.86 0.00 20.72 26,027
Zero Net Liability 0.44 0.00 0.50 0.00 1.00 26,877
Higher Net Liability 0.32 0.00 0.47 0.00 1.00 26,877
Zero Output Liability 0.03 0.00 0.18 0.00 1.00 26,877
More Output Liability 0.46 0.00 0.50 0.00 1.00 26,877
More ITC claimed 0.50 1.00 0.50 0.00 1.00 26,877
Log(ITC Claimed) 11.36 11.51 1.87 -1.90 20.61 25,807
Prob. of Repeating Any Late Seller 0.35 0.00 0.48 0.00 1.00 25,382
Prop. Late Seller Repeated 0.28 0.00 0.41 0.00 1.00 25,382
Share Seller On-time 0.86 0.92 0.19 0.00 1.00 26,049
HHI of seller Network in July 0.37 0.29 0.25 0.02 1.00 26,877
Notes: This table shows the summary statistics for our main analysis sample defined as having some history
of late-filing, having some non-compliance in the seller network in July 2021 (i.e. at least one seller filed their
GSTR-1 late in that month), and receiving at least 70 percent of their input tax credits from Delhi sellers in July
2021. The summary statistics of the full sample are provided in Appendix Table A1.
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4 Conceptual Framework

After its production activities have been completed for the month, a firm decides when to

make their tax payment (i.e. file their payment return), how much revenue to report on their

return, and how much effort to exert to influence their supplier’s behavior to minimize their

own tax costs.

The firm is owed input tax credits of 𝜏𝑀 , given the GST rate 𝜏 and intermediate input

purchases 𝑀 . Only a share 𝜇0 of these credits are available on time if they do not exert effort

to change their supplier’s behavior. The firm can exert effort 𝑒 to increase the share of credits

available by the payment deadline to 𝜇 (𝑒). Let 𝛼 (𝑒) represent the cost of exerting effort which

is increasing and convex in 𝑒 . Firms earn true revenue𝑅 and choose howmuch to report,𝑅. We

assume that the marginal cost of underreporting revenue by an amount 𝑥 = 𝑅−𝑅 is higher if a

firm files their return late, reflecting the possibility that late-filing attracts additional attention

and a higher probability of detection. That is, taxpayers face evasion cost of 𝛿𝑙 (𝑥) if they file

late and 𝛿𝑜 (𝑥) if they file on timewhere both are convex functions with 𝛿′
𝑙
> 𝛿′𝑜 ∀𝑥 . It follows

trivially therefore that firms will always underreport by more when they file on time.15

Total cost if they file on time and exert effort 𝑒 to get more credits on time is:

𝑇𝑜 = 𝜏 (𝑅 − 𝜇 (𝑒)𝑀) + 𝛿𝑜 (𝑥) + 𝛼 (𝑒) (1)

Alternatively, total tax cost if they file late and wait for suppliers to provide their credits

is:

𝑇𝑙 = 𝜏 (𝑅 −𝑀) + 𝛿𝑙 (𝑥) + 𝜃𝑃𝜏 (𝑅 −𝑀) (2)

where 𝜃 is the probability of late penalties 𝑃 being enforced on the delayed payment 𝜏 (𝑅−𝑀).

15Taking the first order conditions with respect to 𝑥 yields the usual condition that 𝑥 is set to equate the
margnal benefit of evasion, 𝜏 to the marginal cost, 𝛿 ′. Since 𝛿 ′

𝑙
> 𝛿 ′𝑜 , 𝑥∗𝑙 < 𝑥∗𝑜 .
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Firms choose to file on time if 𝑇 ∗
𝑜 < 𝑇 ∗

𝑙
, where the asterix denotes optimized values. Sub-

scripts 𝑙 and 𝑜 denotes the optimal choices under late-filing and on-time filing for all choice

variables.16

Proposition 1: Increasing the likelihood of penalties will only affect firms’ compliance if it

raises perceived penalties above a tipping point 𝜃 that is (1) decreasing in the share of their

supplier network that is compliant, 𝜇 (𝑒), and (2) increasing in the cost of exerting effort to

increase compliance in the supplier network, 𝛼 (𝑒).17

Proof: 𝜃 satisfies the following:

𝑇 ∗
𝑙 (𝜃 ) = 𝑇 ∗

𝑜 (3)

⇐⇒ 𝜏 (𝑅∗
𝑙 −𝑀) + 𝛿𝑙 (𝑥∗𝑙 ) + 𝜃𝑃𝜏 (𝑅

∗
𝑙 −𝑀) = 𝑇 ∗

𝑜

⇐⇒ 𝜃 =
𝑇 ∗
𝑜 − 𝛿𝑙 (𝑥∗𝑙 )

𝑃𝜏 (𝑅∗
𝑙
−𝑀)

− 1

𝑃

The tipping point, 𝜃 depends positively on 𝑇 ∗
𝑜 , which is in turn decreasing in 𝜇 (𝑒) and in-

creasing in 𝛼 (𝑒) (applying the envelope theorem), which gives the two results. As is intuitive,

higher penalties lower the tipping point.

16Buyers may eventually receive the missing credit and could apply it to future tax revenue. However, non-
exporters must carry forward excess credits and cannot receive a refund so future credits may be less valuable
if they do not have output tax liability to offset. Working capital constraints also make credit delays costly.
Moreover, there is a possibility they may never receive the credits if suppliers never file or underreport sales. If
taxpayers believe they will eventually receive and use the credits, the present value of tax costs of filing on time
is lower by the discounted value of credits but the tradeoffs remain the same.

17The tipping point 𝜃 will be strictly positive as long as the cost of on time filing is greater than the cost of
late-filing net of expected penalty i.e. 𝑇0∗ > 𝑇𝑙

∗ − 𝜃𝑃𝜏 (𝑅∗ −𝑀)
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Figure 1: Taxpayers with 𝜃 ∈ (𝜃, 𝜃 ′) are induced to become compliant

𝜃

𝑓 (𝜃 )

𝜃 𝜃 ′

Notes: Figure depicts a hypothetical distribution of threshold 𝜃 in the economy, which will vary depending
on underlying determinants like non-compliance among suppliers, cost of changing supplier behavior, cost of
evasion and credits owed. For expositional purposes, we assume a distribution of 𝜃 , which has the reasonable
properties that some taxpayers comply regardless of the level of enforcement, that increasingly fewer taxpayers
have higher values of 𝜃 , and that some taxpayers may never comply. Those with 𝜃 < 𝜃 (gray shaded region)
are already filing on time. Raising enforcement from 𝜃 to 𝜃 ′ only changes the behavior among taxpayers with
sufficiently high 𝜃 such that they were not already compliant (i.e. those with more non-compliance among
suppliers and sufficiently low evasion costs), but not for those with even higher 𝜃 (i.e. those with low evasion
costs, high supplier nudging costs, and non-compliance among suppliers).

Figure 1 illustrates a distribution of 𝜃 across all taxpayers. For a given level of enforcement,

𝜃 , all taxpayers with 𝜃 < 𝜃 depicted in the gray shaded region will make on time payments.

When the level of enforcement is raised to 𝜃 ′, only taxpayers with 𝜃 ∈ (𝜃, 𝜃 ′) switch to being

compliant. These taxpayers that do respond may increase supplier compliance and underre-

port their revenue by more. In our model, the variation in 𝜃 comes from variation in supplier

compliance and a taxpayers’ own cost of evasion. We investigate these predictions in our

data.

5 Experimental Intervention

Nudges from the tax authority in the form of text messages, calls, in-person visits, and letters

have been show to successfully encourage tax compliance in several contexts (Mascagni, 2018;

Brockmeyer et al., 2019; Castro and Scartascini, 2015). The most successful messages tend to

specify penalties for non-compliance – so called “deterrence” messages – which seem to raise
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the salience of enforcement (Bergolo et al., 2023). We use such messages to perturb perceived

enforcement in our context using automated voice-recorded messages aimed at raising filing

compliance.

Taxpayers were stratified along certain characteristics to improve power and then ran-

domly assigned within strata to one of three treatment groups or to a control group that

received no message. Twenty five percent of taxpayers were assigned to the control group.

The remainder were assigned to one of three treatment arms: 1) a simple reminder message

armwhich were reminded of the filing deadlines and provided with a link to the GST portal, 2)

a deterrence arm that additionally received information about the penalties for late-filing, and

3) a customized deterrence arm which additionally was told that the tax authority was aware

of their specific past history of non-compliance. The exact content of the messages are pro-

vided in Appendix B.3. In our analysis we combine the customized deterrence and standard

deterrence arm as the main “deterrence” arm.18

Taxpayers in each group received the same message four times each month. The first and

second messages were sent on the 9th and the 11th of the month, just before the deadline for

filing the credit-linked GSTR-1 form. The third and fourth messages were sent on the 18th and

20th of the month just before the deadline for the payment-linked GSTR-3B form. The calls

were made in the months of September - November, corresponding to the filing deadlines for

August-October returns. The first round of calls were made on September 9th and the last

round of calls on the 20th November. Figure 2 shows the timelines for sample selection and

experiment roll out.

We stratified our study population according to three criteria: type of filing non-compliance

(late filing or non-filing of either the payment-linked or credit-linked form, or both); revenue

(nil-filer, less than Rs. 15 million, above Rs. 15 million)19; and nature of business (retail,

wholesale, service, or other). See Appendix B for further details of sampling and stratifica-

tion. Appendix Table A4 shows balance in characteristics among control group and various

18The distinct treatment arms were created with the aim of helping the tax authority create an automated
messaging enforcement program.

19Taxpayers with annual revenue below Rs. 15 million are eligible for the composition scheme which allows
them to file returns annually rather than on a quarterly or monthly basis. Composition taxpayers cannot provide
input tax credits to their buyers or claim input tax credits from their suppliers.
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treatment arms and confirms that randomization was successful.

Figure 2: Intervention Timeline
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2021
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Late-filing Sample
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This experimental intervention including the sample stratification and treatment arms

were pre-registered.20 Results from the pre-registered specifications are split between this

paper and the companion policy paper, Gupta et al. (2024), which contains results intended

for a policy audience such as the effect on filing rates, revenue and deregistration rates. Our

pre-analysis plan (PAP) specified that we will analyze network compliance effects and het-

erogeneity by network compliance. The specific measure of network compliance we use was

not specified in the PAP because the detailed invoice level data on transactions between GST-

registered taxpayers was provided only after the experiment took place. Variables related to

change in composition of buyer’s network were not included in the PAP but are included in

this paper.

The automated voice-calls allow us to track whether the calls were picked up and how

long the receiver listened to the message. Across all the treatment arms, around 80 percent of

all firms listened to the voice messages in the first round which declines to around 60 percent

in the subsequent rounds (see Appendix Figure A3a). We define a call as successful if the

taxpayer listens to the primary content of the message which either reminds or deters against

non-compliance. Appendix Figure A3b shows that the success rate is above 50 percent in the

first couple of rounds and then declines to around 30 percent in the subsequent rounds.

We are interested in the causal effect of nudges on on-time filing by non-compliant firms.

Formally, we define this as:

𝜙 (𝑋 ) ≡ 𝐸 [𝑌1𝑖 − 𝑌0𝑖 |𝑌0𝑖 = 0, 𝑋 ] = 𝑃 (𝑌1𝑖 = 1 ∩ 𝑌0𝑖 = 0|𝑋 )
𝑃 (𝑌0𝑖 = 0|𝑋 ) (4)

where 𝑌1𝑖 and 𝑌0𝑖 are firm i’s potential outcome under treatment (1) or control (0). 𝑋 denotes
20Please see study number AEARCTR-0008357 in the AEA RCT Registry.
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dimensions of treatment effect heterogeneity in which we are interested such as the compli-

ance level of the buyer’s network.

We estimate the following empirical specification21:

𝑌𝑖𝑡 = 𝛽0 + 𝛽𝐷𝐷𝑖 + 𝛽𝑋𝑋𝑖 + 𝛽𝐷𝑋𝐷𝑖𝑋𝑖 + 𝛽1Share Sellers Treated𝑖 + 𝜂𝑠 (𝑖)𝑡 + 𝜀𝑖𝑡 (5)

where 𝐷𝑖 denotes treatment assignment. Because we randomized treatment across taxpayers

and not the taxpayer network, suppliers of a taxpayer could also be treated. We therefore

control for the share of a taxpayer’s credits coming from treated sellers. We include strata by

month fixed effects 𝜂𝑠 (𝑖)𝑡 in all specifications, where 𝑠 and 𝑡 denote strata and month respec-

tively. The standard errors 𝜀𝑖𝑡 , are clustered at the level of the taxpayers which is also the level

of randomization.

The treatment effect for a given level of 𝑋 is then given by:

𝜙 (𝑋 ) = 𝛽𝐷 + 𝛽𝐷𝑋𝑋

1 − 𝛽0 − 𝛽𝑋𝑋
(6)

We also separately estimate treatment effects for each treatment arm analogously:

𝑌𝑖𝑡 = 𝛽0 +
𝑁∑
𝑘=1

𝛽𝐷𝑘𝐷𝑘𝑖 + 𝛽𝑋𝑋𝑖 +
𝑁∑
𝑘=1

𝛽𝐷𝑘𝑋𝐷𝑘𝑖𝑋𝑖 + 𝛽1Share Sellers Treated𝑖 + 𝜂𝑠 (𝑖)𝑡 + 𝜀𝑖𝑡 (7)

where 𝐷𝑘 denotes each treatment arm.

The conditional average treatment effect for each treatment arm 𝑘 is then given by:

𝜙𝑘 (𝑋 ) = 𝛽𝐷𝑘 + 𝛽𝐷𝑘𝑋𝑋

1 − 𝛽0 − 𝛽𝑋𝑋
(8)

21A version of this specification without the treatment heterogeneity was prespecified in the pre-analysis
plan.
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6 Results

6.1 Impact of Enforcement on Taxpayer Compliance

Wefind that the voice-recordedmessagesmake taxpayersmore likely to file both the payment-

linked and credit-linked forms on time. Table 2 reports the direct effects of each treatment arm

on on-time filing behavior in October 2021, the first treatment month when both monthly and

quarterly filers are required to file. Both reminder and deterrence messages have statistically

significant and positive impacts on payment-linked form filing rates of about 2 percentage

points, and on credit-linked form filing rates of about 2.5 percentage points. These translate

to a 8 percent and 7.6 percent approximate decrease in late-filing rates, respectively, among

the target population of previous late-filers, which is a similar effect size seen for nudges

in other contexts. These findings indicate that similar to many other contexts, deterrence

messages have a statistically significant and positive impact on compliance, even without a

corresponding enforcement action.

Table 2: On-time Filing Response to Nudges

Previous Late-Filers With Seller Non-Compliance

(1) (2) (3) (4)
GSTR-3B GSTR-1 GSTR-3B GSTR-1

Reminder 0.016∗∗∗ 0.020∗∗∗ 0.005 0.007
(0.004) (0.004) (0.008) (0.008)

Deterrence 0.021∗∗∗ 0.025∗∗∗ 0.020∗∗∗ 0.020∗∗∗

(0.003) (0.003) (0.006) (0.006)
Constant 0.739∗∗∗ 0.672∗∗∗ 0.783∗∗∗ 0.753∗∗∗

(0.002) (0.002) (0.005) (0.005)

Observations 123,280 123,280 26,876 26,876
Notes: Table presents results of specification (7) without allowing for treatment effect heterogeneity (i.e. omitting
all 𝑋𝑖 terms). The sample in the first two columns is restricted to taxpayers who had filed their return late in any
month between April - June 2021. We further restrict the sample to those with at least one non-compliant seller
in columns (3) and (4). Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

This increase was transient and largely limited to the months when taxpayers received

a phone call – we see similar impacts in all months of treatment (returns filed for August-

October) and then smaller, statistically insignificant treatment effects for the November and
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December returns once the nudges have stopped (see Figure 3). This pattern occurs despite

the fact that taxpayers became less likely over time to listen to the recorded message.

Figure 3: On-time Filing of GSTR-3B (payment-linked)
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The rest of our analysis will focus on our main sub-sample of taxpayers with mainly Delhi-

registered sellers in their network with some history of late-filing. Columns 3 and 4 show the

same results for this sub-sample of taxpayers where we find similar effects of about 9 and 8

percent decline respectively on late-filing rates of payment and credit-linked forms. We also

restrict attention to the returns filed for August to October 2021 when taxpayers received the

calls.

Because our main sample excludes taxpayers who source more than 30% of their input tax

credits from outside-Delhi sellers, concerns regarding the external validity of our results may

arise. In Appendix D, we document that for a few observables the differences between buyers

who get ITC mainly from Delhi seller versus those who do not are very small, but statistically

significant. To address this concern, following Stuart et al. (2011), we re-estimate our main

specification using inverse-propensity-score weights that re-balance the sample to resemble

excluded buyers. The results, reported in Table D.2, are similar to our main estimates.

Our conceptual framework predicts that nudges will increase on-time payments but not

for taxpayers with a high share of delinquent credits. We find that indeed, the overall, positive

effect on compliance with the payment-linked form is coming from taxpayers with sufficiently

compliant seller networks. Figure 4 shows the percentage decrease in late payment for tax-
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payers with different levels of network non-compliance. On the far left, taxpayers who have

none of their credits available on time (i.e. a seller network compliance level of zero), do not

respond to treatment. At the 25th percentile of network compliance, we see a small decrease

in non-compliance of about 5 percent. Treatment effect increases again at the median level

of network compliance of about 75 percent, i.e. when 75 percent of input tax credits were

available on time in July.

Figure 4: Heterogeneity in Treatment Effect by Network Compliance
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Notes: Figure plots treatment effect as defined in equation (6), evaluated at different quantiles of compliance
of the taxpayer’s seller network. Standard errors are calculated using the delta method. The treatment effect
denotes the percent change in on-time filing among late-filers induced by the treatment.

Figure 5 shows the heterogeneity in effects separately for the reminder and deterrence

treatment groups. Both groups exhibit similar increase in treatment effects with network

compliance although the effect of reminders is lower throughout. This difference is consis-

tent with taxpayers perceiving a larger increase in the probability of enforcement from the

deterrence rather than reminder messages. Still, deterrencemessages increase in effectiveness

at higher levels of network compliance as we would expect.

The structure of the tax provides natural placebo groups that allow us to test and eliminate

alternative explanations. An important one is that compliance in the network is not randomly

assigned and we may be concerned that the interdependence of seller and buyer compliance

reflects matching of trading partners on attitudes towards compliance or that network compli-

ance is proxying for some other correlated dimension of treatment effect heterogeneity. For
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Figure 5: Heterogeneity in Treatment Effect by Network Compliance, Multiple Treatment
Arms
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Notes: Figure plots treatment effect as defined in equation (8) for the Reminder and Deterrence mes-
sages, evaluated at different quantiles of compliance of the taxpayer’s seller network. Standard errors
are calculated using the delta method. The treatment effect denotes the percent change in on-time
filing among non-filers induced by the treatment.

example, taxpayers in certain industries may be more likely to file late, which would result in

higher network non-compliance and lower response to treatment. We address these concerns

in three ways.

First, we examine the heterogeneity in treatment effect on taxpayers’ filing of their credit-

linked form based on the network compliance with the credit-linked form. There is no tax

payment associated with filing this form and the seller’s filing behavior has no material im-

pact on the buyer’s cost to file. In fact, buyers file their credit-linked form before they observe

their sellers’ filing behavior. We find no evidence of treatment effect heterogeneity by net-

work compliance in taxpayers’ credit-linked form response. Figure 6 shows the treatment

effect on GSTR-1 (credit-linked form) filing for the same quantiles of the seller network com-

pliance. In this case, we see only a small gradient in the treatment impact and the compliance

in the seller network. Any treatment effect heterogeneity with respect to network compli-

ance would have suggested that the network compliance is acting as a proxy for some other

characteristic. The fact that we find no such heterogeneity suggests that any characteristic

driving this heterogeneity must operate through its impact on the tax liability of the buyer

and that it is unlikely to be driven by similar tendencies towards compliance by transacting
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pairs.

Figure 6: Heterogeneity in Treatment Effect on GSTR-1 Filing by Network Compliance
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Notes: Figure plots treatment effect as defined in equation (6), evaluated at different quantiles of compliance
of the taxpayer’s seller network. Standard errors are calculated using the delta method. The treatment effect
denotes the percent change in on-time filing among late-filers induced by the treatment.

Second, to further address concerns of some other common driver of non-compliance, we

re-estimate our baseline specification with several added controls such as firm size, industry,

previous non-compliance, and value added share in output. Columns 1 and 2 of Table 3 esti-

mate the treatment effects separately among taxpayers with above-median and below-median

compliance in their supplier network, respectively, pooling returns over the three months of

nudges. As Figure 4 showed, the treatment effect is coming from the above-median compli-

ance group where there is a 12 percent decline in late payment in the deterrence treatment

group. Taxpayers with below-median network compliance see a 4.4 percent decline in late

payment but this decrease is not statistically significant. In columns 3 and 4, when we in-

clude controls, we find similar differences in treatment response between the above-median

and below-median network compliance groups. In the above-median group, late payment

falls by 11.6 percent in response to deterrence messages but only by a statistically insignif-

icant 1.3 percent in the below-median group. Panels A and B of Appendix Table A5 show

the month-wise impact on nudges on buyers with above and below median levels of network

compliance.

Third, we use experimentally-induced variation in supplier compliance to corroborate the
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Table 3: On-time Filing of GSTR-3B by Network Compliance

Compliance in the Network:

(1) (2) (3) (4)
Above-median Below-median Above-median Below-median

Reminder 0.016∗ −0.008 0.020∗∗ −0.014
(0.009) (0.010) (0.010) (0.013)

Deterrence 0.025∗∗∗ 0.010 0.019∗∗ 0.006
(0.007) (0.007) (0.008) (0.009)

Share July Sellers Treated 0.000 −0.009 −0.015 0.012
(0.018) (0.016) (0.020) (0.023)

Share July Sellers Assigned 0.017 0.033∗∗ 0.016 0.006
(0.016) (0.015) (0.018) (0.022)

Constant 0.792∗∗∗ 0.773∗∗∗ 0.837∗∗∗ 0.555∗∗∗

(0.006) (0.006) (0.053) (0.051)

Observations 32,419 30,565 24,638 19,213
Controls No No Yes Yes
Notes: Table presents results of specification (7). The dependent variable is a dummy for whether a taxpayer
filed the GSTR-3B return (payment-linked) by the deadline in the months of August-October. The sample is
restricted to our main analysis sample of firms with some history of non-compliance, and at least 70 percent
of tax credits from Delhi-registered sellers prior to treatment. Columns 1 and 3 restrict attention to taxpayers
with above-median compliance in their seller network, which columns 2 and 4 are taxpayers with below-median
network compliance. All specifications include strata by month fixed effects. Standard errors are clustered by
taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

heterogeneity in buyer response by compliance in their network as we describe in the next

section.

6.2 Spillovers From Treated Suppliers

The experiment generates an exogenous change in supplier compliance for each firm in the

sample. Because we randomized assignment to treatment at the taxpayer level, the share

of a taxpayer’s seller network in the sample that gets treated is independent of their own

treatment assignment. Since treatment induces taxpayers to file their credit-linked forms on

time, variation in the share of the network assigned to treatment generates variation in share

of on-time credits, 𝜇0 in our conceptual framework.

We modify our main specification to include an interaction between treatment and the

share of sellers treated, while controlling for the share of sellers in the sample and its inter-

action with treatment. Adding these controls ensures mean-independence of the treatment
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variables and allows the interpretation of their coefficients to be causal.22

𝑌𝑖𝑡 = 𝛽0 + 𝛽𝐷𝐷𝑖 + 𝛽𝑋𝑋𝑖 + 𝛽𝐷𝑋𝐷𝑖𝑋𝑖 (9)

+ 𝛽1Share Sellers Treated𝑖 + 𝛽2Share Sellers Treated𝑖 × 𝐷𝑖

+ 𝛽3Share Sellers Assigned𝑖 + 𝛽4Share Sellers Assigned𝑖 × 𝐷𝑖 + 𝜂𝑠 (𝑖)𝑡 + 𝜀𝑖𝑡

As the seller network becomes large, the share of sellers treated will converge to the share

of all taxpayers assigned to treatment due to the law of large numbers. Therefore, only buyers

with small seller networks show substantial variance in the share of sellers treated. This

reduction in variance also limits the statistical power of the estimates in this section; while

they go in the same direction as our main results, not all are statistically significant.

Column 1 of Table 4 shows our preferred specification where we restrict the sample to

firms with fewer than 4 sellers in the network. The coefficient on the interaction between

treatment and the share of sellers treated suggests a 10 percentage point increase in the share

of sellers treated increases the direct treatment effect by 1.25 percentage points, statistically

significant at the 10 percent level. This is a 35 percent decrease in non-compliance. When

taxpayers with slightly larger networks of less than 6 suppliers are included in column 2, we

still see a positive coefficient of 0.09, which is not statistically significant at the 10 percent

level. With no restriction in network size as in column 3, we see an even smaller but still

positive coefficient of 0.03.

The effect is smaller when we include taxpayers with above-median network compliance,

where there is of course less room for network compliance to increase (Column 4). These

results corroborate our main findings among taxpayers with smaller seller networks. Among

those with larger networks, we may not have sufficient power to use the sampling variation

so we exercise caution in extending our conclusions to this sample.

In Table 4 and in other specifications in Tables 3 and A5, the spillovers from only treating

sellers as captured by the coefficient 𝛽1 are small and statistically insignificant. The effect of

22See Appendix E for a detailed explanation.
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Table 4: Spillovers of Upstream Enforcement

Below-median network compliance All

(1) (2) (3) (4)

Reminder −0.031 −0.015 −0.009 0.008
(0.023) (0.019) (0.015) (0.016)

Deterrence −0.004 0.008 0.011 0.017
(0.018) (0.015) (0.012) (0.013)

Share July Sellers Treated −0.086 −0.052 −0.009 −0.057
(0.054) (0.049) (0.046) (0.041)

Share July Sellers Assigned 0.061 0.060 0.034 0.058
(0.049) (0.045) (0.043) (0.036)

Treat X Share Sellers Treated 0.125∗ 0.087 0.028 0.088∗

(0.064) (0.058) (0.053) (0.049)
Treat X Share Sellers Assigned −0.067 −0.077 −0.038 −0.079∗

(0.059) (0.054) (0.049) (0.044)
Constant 0.645∗∗∗ 0.563∗∗∗ 0.551∗∗∗ 0.482∗∗∗

(0.105) (0.064) (0.052) (0.079)

Observations 7,110 10,748 19,213 12,296
Controls Yes Yes Yes Yes
Number of Sellers <4 <6 Any <4
Notes: Table presents results of specification (7) with added interactions with treatment of the share of sellers
in the July network treated (Share July Sellers Treated) and the share in the study sample assigned to either
treatment or control (Share July Sellers Assigned). The dependent variable is a dummy for whether a taxpayer
filed the GSTR-3B return (payment-linked) by the deadline in the months of August-October. The sample is
restricted to our main analysis sample. Columns 1-3 restrict the sample to taxpayers with below-median network
compliance. We restrict the sample by the number of sellers in the taxpayer’s network as given by the indicator
at the bottom row. All specifications include strata by month fixed effects and controls as indicated. Standard
errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

treating sellers only seems too small on average to detect in our design.

One concern could be that the effects of nudges are a combination of both direct effects of

treating the taxpayers and spillovers from the treated suppliers. We address this by limiting

our sample to buyers who had no seller from their July network treated in our experiment.

Columns 1 and 2 of Table A6 show that only taxpayers with abovemedian supplier compliance

respond to our nudges even in the absence of any spillover effects from the supply chain.

6.3 Mechanisms: Net Tax Liability and Seller Compliance

Taxpayers with delinquent sellers in their network are likely to have missing tax credits at

the tax payment deadline. To make their payment on time, they can do one of the following:

(1) accept a larger net liability and file without the missing credits, (2) file on time without the
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missing credits but report lower output liability to leave net payment unchanged (3) nudge

their sellers to file returns on time. Upon deciding to file on time, taxpayers choose howmuch

output to report and whether to nudge their suppliers based on their respective costs. How

they respond will depend on these unobserved costs of misreporting output and influencing

suppliers.

Table 5 shows the impact on reported output liability, net tax liability, and input tax cred-

its claimed among those with above-median compliance in the seller network, that is, the

group that responds to treatment. We measure these outcomes as binary variables showing

an increase or decrease relative to their own past value in July 2021 because of the noisiness

of these variables. Taxpayers are 2 percentage points more likely to report a net zero tax lia-

bility relative to July 2021 in response to a deterrence message, an approximately 4.5 percent

increase relative to the mean (Column 1). They are 7 percent less likely to report a larger net

tax liability (Column 2). This decrease in net liability at the time of filing is coming from a de-

crease in reported output liability – taxpayers are 13 percent more likely to report zero output

tax liability and 5 percent less likely to report an increase in output tax liability (Columns 3

and 4), counteracting the fact that they are 3 percent less likely to claim more input tax credits

(Column 5).

Table 6 shows the same outcomes for taxpayers with below-median compliance in the

seller network, i.e. those who do not increase filing compliance in response to treatment.

Notably, we do not see any changes in their reported output tax liability or sales, though

we do see a small decline in credits claimed. This is consistent with their lack of response

to the treatment. These results pool outcomes for August - October returns for which the

taxpayers received messages. In Appendix Tables A7 - A11, we show month-wise responses

for August - December 2021, which confirms that these patterns are mainly observed during

months when taxpayers were called. Notably, the effect on lower output liability reported

persists past October unlike the decrease in tax credits (Appendix Tables A10 and A11).

This margin of behavioral response shows that taxpayers become more compliant along

the timing dimension but become less compliant along the liability dimension or by decreasing

the size of their operations, both of which are undesirable outcomes from the perspective of
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Table 5: Mechanisms: Tax Payment among Above-Median Network Compliance

August-October 2021

(1) (2) (3) (4) (5)
Zero Net Liab. Higher Net Liab. Zero Output Liab. More Output Liab. More ITC claimed

Reminder 0.018 −0.017 0.002 −0.026∗∗ −0.028∗∗
(0.012) (0.011) (0.003) (0.012) (0.013)

Deterrence 0.021∗∗ −0.024∗∗∗ 0.004 −0.023∗∗∗ −0.016∗
(0.009) (0.008) (0.002) (0.009) (0.009)

Share July Sellers Treated 0.028 −0.023 0.004 0.007 −0.017
(0.024) (0.022) (0.007) (0.023) (0.026)

Share July Sellers Assigned −0.039∗ 0.027 −0.013∗∗ 0.021 0.011
(0.021) (0.019) (0.006) (0.021) (0.023)

Constant 0.445∗∗∗ 0.332∗∗∗ 0.027∗∗∗ 0.462∗∗∗ 0.539∗∗∗

(0.008) (0.007) (0.002) (0.008) (0.009)

Sample Mean 0.46 0.32 0.03 0.45 0.52
Observations 32,419 32,419 32,419 32,419 32,419
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. Zero Net
Liab. is a dummy for whether the taxpayer reported net zero liability (i.e. zero payment in cash) in a return
period. Higher Net Liab. is a dummy for whether the taxpayer reports net liability greater than their net liability
in July 2021. Zero Output Liab. is a dummy for whether tax liability on sales alone is zero (i.e. zero taxable
sales reported). More Output Liab. is a dummy for whether output liability is higher than in July 2021. More ITC
Claimed is a dummy for whether the taxpayer claimed more credits than in July 2021. The sample is restricted
to our main analysis sample of firms with some history of non-compliance, and at least 70 percent of tax credits
from Delhi-registered sellers prior to treatment. The sample in this table is additionally restricted to those with
above-median (i.e. greater than 87%) credits filed by their suppliers in July. All specifications include strata
by month fixed effects. Standard errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10,
∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

raising tax revenue and production efficiency. One way in which this result could arise is as

we laid out in the framework where taxpayers perceive a lower cost of evasion if they file on

time. We could also get the same result if taxpayers perceive a greater benefit from evasion if

they file one time. For example, if it is harder to get excess credits refunded, taxpayers may

wish to avoid overpaying today if they anticipate receiving credits in the future. Another

possibility is that taxpayers are cash constrained and cannot pay a larger amount than their

true tax liability so they make up for the missing credits by underreporting output.

A key dynamic in the VAT is for enforcement at weak points (often at the downstream,

retail stage) to spread compliance through the production network. We examine whether the

increase in compliance by buyers translated to greater compliance among their seller network,

which we argue depends on the cost to do so. We find that on average, buyers at all levels

of supplier non-compliance are unlikely to switch suppliers. Table 7 shows the change in
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Table 6: Mechanisms: Tax Payment among Below-Median Network Compliance

August-October 2021

(1) (2) (3) (4) (5)
Zero Net Liab. Higher Net Liab. Zero Output Liab. More Output Liab. More ITC claimed

Reminder −0.011 0.003 −0.004 0.009 0.007
(0.012) (0.011) (0.004) (0.012) (0.013)

Deterrence 0.010 −0.009 0.003 0.001 −0.012
(0.009) (0.008) (0.003) (0.009) (0.009)

Share July Sellers Treated 0.028 −0.025 −0.006 0.004 0.020
(0.020) (0.018) (0.009) (0.020) (0.022)

Share July Sellers Assigned −0.037∗∗ 0.030∗ −0.005 −0.002 −0.034∗
(0.018) (0.017) (0.008) (0.018) (0.020)

Constant 0.451∗∗∗ 0.323∗∗∗ 0.051∗∗∗ 0.436∗∗∗ 0.516∗∗∗

(0.008) (0.007) (0.003) (0.008) (0.009)

Sample Mean 0.45 0.32 0.05 0.44 0.50
Observations 30,565 30,565 30,565 30,565 30,565
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. For definitions
of various outcome variables, please refer to the footnotes of the previous table. In contrast to the previous table,
we now restrict the sample to taxpayers with below-median (i.e. less than 87%) credits filed by their suppliers
in July. All specifications include strata by month fixed effects. Standard errors are clustered by taxpayer, and
reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

various indicators of supplier non-compliance as a result of buyer’s treatment status among

those with above-median network compliance. As the sub-group where we see the highest

treatment effects, we might expect that the mechanism through which that treatment effect

was achieved is most strongly displayed here. On the other hand, supplier compliance is

already relatively high among this group, leaving little room or need for change. We find

little effect of the treatment on several measures of supplier compliance. Treated taxpayers

are somewhat less likely to buy again from a previously delinquent seller (column 1) for both

the reminder and the deterrence group. However, they continue to have similar shares of

credits coming from such delinquent sellers, suggesting they did not simply reduce purchases

(column 2). As shown in column 3, there is no significant change in the proportion of late

filers that are repeated from the previous month. As a result, the share of credits coming in

on time does not change measurably (column 4).

Table 8 looks at the same outcomes among buyerswith below-median seller non-compliance

where there might be more room for change in supplier behavior. Again, among this groupwe

see no change across the four different measures of supplier non-compliance post-treatment.
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Table 7: Mechanisms: Seller Compliance among Above-Median Compliance

September-November 2021

(1) (2) (3) (4)
Prob. of

Repeating Any
Late Seller

Prop. of ITC
from Repeat
Late Sellers

Prop. Late Seller
Repeated

Share Seller
On Time

Reminder −0.022∗∗ 0.004 −0.014 −0.003
(0.011) (0.003) (0.009) (0.004)

Deterrence −0.015∗ 0.000 −0.010 0.001
(0.008) (0.002) (0.007) (0.003)

Share July Sellers Treated 0.028 0.007 0.020 −0.012
(0.021) (0.005) (0.018) (0.008)

Share July Sellers Assigned −0.072∗∗∗ −0.010∗∗ −0.047∗∗∗ −0.003
(0.019) (0.005) (0.016) (0.007)

Constant 0.357∗∗∗ 0.036∗∗∗ 0.269∗∗∗ 0.849∗∗∗

(0.008) (0.002) (0.006) (0.002)

Sample Mean 0.33 0.04 0.25 0.85
Observations 31,152 31,474 31,152 31,474
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. The outcomes
measure change of delinquent sellers from whom the taxpayers have previously purchased inputs. Prob. of
Repeating Any Late Seller is a dummy for whether a delinquent seller reappears in the taxpayer’s network. Prop.
of ITC from Repeat Late Sellers is the share of a taxpayer’s ITC coming from previous delinquent sellers. Prop.
Late Seller Repeated is the share of delinquent sellers from whom a taxpayer repurchases. Share Seller On Time
is the share of current period’s credits that arrived on time. The sample is restricted to firms with sellers which
have some history of non-compliance, and at least 70 percent of tax credits from Delhi-registered sellers prior to
treatment. The sample in this table is additionally restricted to those with above-median (i.e. greater than 87%)
credits filed by their suppliers in July. All specifications include strata by month fixed effects.
Standard errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

Appendix Tables A12-A15 show the month-wise impact of nudges on the all the outcome vari-

ables for both above and below median seller non-compliance. Overall, we see similar lack of

change in the seller network in all return periods.

These results together suggest that for some firms the cost to switch suppliers leads them to

remain with delinquent suppliers even when there are strong incentives to choose compliant

suppliers. We provide suggestive evidence of one type of high switching costs that might be

relevant here: competitiveness of supplier networks.

An important measure of the strength of a supplier-buyer relationship is the concentra-

tion of a buyer’s inputs from that supplier. If the input market is concentrated, then it might

be harder for buyers to switch suppliers. Dhyne et al. (2022) show using similar VAT trade

network data that the concentration of input purchases from a particular supplier is highly

predictive of markups even after controlling for industry-level concentration. That is, even if
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Table 8: Mechanisms: Seller Compliance among Below-Median Compliance

September-November 2021

(1) (2) (3) (4)
Prob. of

Repeating Any
Late Seller

Prop. of ITC
from Repeat
Late Sellers

Prop. Late Seller
Repeated

Share Seller
On Time

Reminder 0.000 0.003 −0.001 −0.002
(0.012) (0.005) (0.009) (0.005)

Deterrence −0.009 −0.002 −0.008 0.002
(0.009) (0.004) (0.007) (0.004)

Share July Sellers Treated −0.012 −0.000 −0.009 0.012
(0.019) (0.009) (0.016) (0.011)

Share July Sellers Assigned −0.107∗∗∗ −0.028∗∗∗ −0.079∗∗∗ −0.020∗∗
(0.017) (0.008) (0.015) (0.010)

Constant 0.385∗∗∗ 0.088∗∗∗ 0.299∗∗∗ 0.774∗∗∗

(0.008) (0.003) (0.007) (0.004)

Sample Mean 0.34 0.08 0.27 0.77
Observations 27,849 28,763 27,849 28,764
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. For definitions
of various outcome variables, please refer to the footnotes of the previous table. In contrast to the previous table,
we now restrict the sample to taxpayers with below-median (i.e. less than 87%) credits filed by their suppliers
in July. All specifications include strata by month fixed effects. Standard errors are clustered by taxpayer, and
reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

the industry as a whole is competitive, individual suppliers may have market power over their

buyers. Wemeasure the concentration of each taxpayer’s inputs as the Herfindahl-Hirschman

index of their inputs.23 We find that the treatment effect heterogeneity by supplier compli-

ance comes from taxpayers with concentrated supplier networks. Such taxpayers might find

it difficult to switch suppliers in response to nudges. On the other hand, taxpayers in less

concentrated supplier network can switch suppliers more easily.

Using this HHImeasure, we find that there is strong correlation between the concentration

of the supplier network and the persistence of this network measured as the proportion of

sellers from the previous month that are repeated. Column 1 of Table A16 shows that as the

HHI increases from 0 to 1, the share of repeated sellers increases by 8.4 percentage points or

22.5 percent. Once we include buyer fixed effects in Column 2, the share of repeated sellers

more than doubles as we move from least concentrated to more concentrated supply chains.

We thenmeasure the treatment effect heterogeneity by supplier compliance among buyers

23That is, for each buyer we calculate the sum of squared shares of each supplier’s inputs in a given month.
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with more and less-concentrated supplier networks. Figure 7 shows the treatment effect by

network compliance among taxpayers with concentrated supplier networks with HHI greater

than the median value of 0.3. Among this group, the gradient in treatment effect is steeper.

Taxpayers at the 25th percentile of network compliance do not respond at all to treatment

while taxpayers withmuchmore compliant networks show a stronger response. Among those

with more diffuse supplier networks (Figure 8), we see a slightly negative gradient, likely be-

cause the July network is a poorer predictor of subsequent network compliance, introducing

measurement error. These results are consistent with our conceptual framework which sug-

gests that the link between supplier compliance and buyer’s response is related to the cost of

switching suppliers.

Figure 7: Effect on Buyers’ Payment Filing: Concentrated Supplier Networks
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Notes: Figure plots treatment effect as defined in equation (6), evaluated at different quantiles of compliance
of the taxpayer’s seller network. Standard errors are calculated using the delta method. The treatment effect
denotes the percent change in on-time filing among non-filers induced by the treatment. Sample is restricted to
buyers with concentrated networks, i.e. HHI of their inputs of at least 0.3.
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Figure 8: Effect on Buyers’ Payment Filing: Diffuse Supplier Networks
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Notes: In this figure, the sample is restricted to buyers with diffuse supplier networks, i.e. HHI of their inputs is
less than 0.3. Please also refer to the footnotes of the previous figure.

Indeed, we find suggestive evidence that buyers with less-concentrated supply networks

do change their suppliers in response to treatment. Table 9 looks at post-treatment supplier

compliance outcomes among buyers with diffuse supplier networks and below-median sup-

plier compliance in July. Deterrence messages reduce the likelihood of repeating a delinquent

seller by 1.2 percentage points from an average of 42 percent (column 1), although the coef-

ficient is insignificant. There is a larger albeit statistically insignificant decrease in the share

of credits coming from previously-delinquent sellers of 0.5 percentage points from a mean

of 6 percent (column 2). Surprisingly, there is not much change in the share of credits avail-

able on time (column 4). This is possible if the buyers have imperfect information about the

compliance behavior of new suppliers. We see no change in suppliers among buyers with

below-median network compliance and concentrated supplier networks (Table 10) as their

cost of switching suppliers might be significantly higher. The effect sizes among the deter-

rence group reduces by almost half compared to buyers with less concentrated networks.
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Table 9: Mechanisms: Change in Suppliers among Buyers with Diffuse Networks and Below-
Median Supplier Compliance

September-November 2021

(1) (2) (3) (4)
Prob. of

Repeating Any
Late Seller

Prop. of ITC
from Repeat
Late Sellers

Prop. Late Seller
Repeated

Share Seller
On Time

Reminder 0.001 −0.001 0.003 0.000
(0.017) (0.005) (0.013) (0.006)

Deterrence −0.012 −0.005 −0.010 0.002
(0.012) (0.003) (0.009) (0.004)

Share July Sellers Treated −0.006 −0.006 −0.004 0.022∗

(0.033) (0.009) (0.026) (0.013)

Share July Sellers Assigned −0.191∗∗∗ −0.032∗∗∗ −0.130∗∗∗ −0.027∗∗
(0.030) (0.007) (0.023) (0.012)

Constant 0.488∗∗∗ 0.076∗∗∗ 0.354∗∗∗ 0.787∗∗∗

(0.012) (0.003) (0.009) (0.004)

Sample Mean 0.42 0.06 0.31 0.79
Observations 14,940 15,024 14,940 15,024
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. Please refer
to footonotes of Table 7 for definitions of various outcomes. The sample in this table is additionally restricted
to those with above-median (i.e. greater than 87%) credits filed by their suppliers in July and the HHI of their
inputs less than 0.3 in July . All specifications include strata by month fixed effects.
Standard errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

Table 10: Mechanisms: Change in Suppliers among Buyers with Concentrated Networks and
Below-Median Supplier Compliance

September-November 2021

(1) (2) (3) (4)
Prob. of

Repeating Any
Late Seller

Prop. of ITC
from Repeat
Late Sellers

Prop. Late Seller
Repeated

Share Seller
On Time

Reminder 0.001 0.008 −0.006 −0.004
(0.015) (0.009) (0.014) (0.009)

Deterrence −0.005 0.001 −0.006 0.001
(0.011) (0.006) (0.010) (0.007)

Share July Sellers Treated −0.012 0.003 −0.010 0.006
(0.022) (0.013) (0.020) (0.015)

Share July Sellers Assigned −0.052∗∗ −0.028∗∗ −0.046∗∗ −0.014
(0.021) (0.012) (0.019) (0.014)

Constant 0.276∗∗∗ 0.103∗∗∗ 0.242∗∗∗ 0.758∗∗∗

(0.011) (0.006) (0.010) (0.007)

Sample Mean 0.25 0.10 0.22 0.75
Observations 12,902 13,734 12,902 13,735
Notes: Table presents results of specification (7). Each observation is a taxpayer and return period. Please refer
to footonotes of Table 7 for definitions of various outcomes. The sample in this table is additionally restricted
to those with above-median (i.e. greater than 87%) credits filed by their suppliers in July and the HHI of their
inputs less than 0.3 in July. All specifications include strata by month fixed effects.
Standard errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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The fact that the dependence on network compliance is stronger amongmore concentrated

networks where individual sellers have more market power suggests that such structural fea-

tures of the economy play a role in the success of self-enforcement.

7 Discussion and Conclusion

The self-enforcement mechanism embedded in the VAT is central to its popularity and success

in many developing countries. By design, VAT systems rely on buyers and suppliers to moni-

tor and enforce each other’s compliance, reducing the need for tax authorities to deploy their

own enforcement resources. In India’s GST, this interdependence is amplified by restricting

a buyer’s credits to invoices the supplier has reported. While such rules can strengthen self-

enforcement and raise compliance overall, they can also impose higher costs on taxpayers

unable or unwilling to influence non-compliant suppliers.

In practice, many GST taxpayers file returns and remit payments late despite penalties.

Our experiment shows that automated voice messages—either simple reminders or penalty

warnings—can improve on-time filing, but only where supplier compliance is already high.

Buyers with many late-filing suppliers do not respond. Because we directly observe filing

compliance, we can show that non-response does not imply full compliance: many buyers

continue to pay late when supplier behavior raises their net liability. Rather than prompting

buyers to switch toward compliant suppliers and creating positive spillovers up the chain,

the liability linkage dampens their own compliance response. Among those who do respond,

many do so by lowering reported output. These patterns suggest that persistent ties to non-

compliant suppliers are sustained by switching frictions, particularly when suppliers have

market power.

The rationale for VAT and real-time enforcement is revenue protection. Fraudulent credit

claims are a major source of revenue loss, and invoice matching and related real-time systems

can reduce such fraud (Fan et al., 2018; Bellon et al., 2022; Okunogbe and Pouliquen, 2022). As

tax authorities shift from post-audit verification to clearance and real-time reporting models,

a buyer’s ability to deduct VAT increasingly depends on supplier invoices being transmitted

35



or validated through the tax platform, effectively welding buyer compliance to supplier be-

havior. Similar linkages exist even without explicit invoice matching: under the EU’s “knew

or should have known” doctrine, authorities can deny input VAT if a purchaser is connected

to fraud, and in some member states hold purchasers jointly liable for a supplier’s unpaid

output VAT. Recent judgments confirm these remedies can be applied cumulatively, subject

to proportionality, raising buyer exposure to supplier compliance. Our findings show that in

low-compliance environments, such designs have limits and can generate unintended costs.

Two policy lessons follow. First, enforcement should account for network position in the

supply chain. While Pomeranz (2015) shows that downstream enforcement can jump-start

upstream compliance, our results suggest downstream-only enforcement may leave upstream

evasion intact and shift costs onto downstream firms inclined toward compliance. In settings

with non-compliant suppliers and sticky input relationships, some downstream firms will

rationally remain non-compliant—or substitute towards output under-reporting—raising the

marginal cost of compliance for their buyers. Second, the negative spillovers from supplier

non-compliance have distributional implications: buyers in concentrated or thin supplier mar-

kets face higher switching and bargaining costs. Invoice-dependent crediting can thus create

horizontal inequities, adding costs such as loss of working capital, monitoring effort, and en-

forcement risk. These concerns lead to the second policy implication. Stronger upstream

enforcement can be privately desirable: it shifts the monitoring and invoice-chasing burden

from buyers to the tax authority andmitigates horizontal inequities when private enforcement

costs vary across buyers.

Our findings reveal an importantmechanism of non-compliance: when suppliers are delin-

quent, compliant buyers face a higher net liability if they file on time. Our ability to measure

filing/payment delays directly reveals non-response despite underlying non-compliance; sim-

ilar dampening effects could occur on harder-to-observe margins like under-reporting or non-

payment. VAT systems can address these frictions and resulting costs to taxpayers by striking

a balance between strengthening self-enforcement incentives through automation while lim-

iting the unintended transfer of enforcement burdens from the tax authority to downstream

firms.
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A Variable Construction

• Share Sellers State-Registered: This variable measures the share of input tax credit (ITC)

claimed by a buyer in a given quarter that originates from sellers administered by the

state government. We calculate the total ITC received by the buyer from their GSTR-3

form, the amount of ITC received from each seller from the invoice level data in the

GSTR-1 form and whether the seller is assigned to the state government or not from

the registration form.

• Share ITC from Delhi Sellers : Unlike the previous measure which restricted sellers to

those administered by the state government, this variable measures the share of ITC

claimed by a buyer that originates from all the sellers i.e. administered by both state

and central government.

• Output and Net tax liability: We measure the total output tax liability of a taxpayer

using the following equation:

𝑂𝑢𝑡𝑝𝑢𝑡𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑇𝑜𝑡𝑎𝑙𝐶𝑎𝑠ℎ(𝐶𝐺𝑆𝑇+𝑆𝐺𝑆𝑇+𝐼𝐺𝑆𝑇 )+𝑇𝑜𝑡𝑎𝑙𝐶𝑟𝑒𝑑𝑖𝑡𝑠 (𝐶𝐺𝑆𝑇+𝑆𝐺𝑆𝑇+𝐼𝐺𝑆𝑇 )

where, 𝑆𝐺𝑆𝑇 and 𝐶𝐺𝑆𝑇 are the GST paid to the state and central government, respec-

tively. 𝐼𝐺𝑆𝑇 is the tax paid on the inter-state and international transactions. The Net

tax liability is the tax paid in only cash after the taxpayer has claimed all the input tax

credits.

• Herfindahl-Hirschman Index of the buyer’s input market: We first calculate the

HHI of each supplier’s output market and then calculate the HHI of a buyer’s input

markets as a function of the relative tax credit by each supplier.

Each firm must list the product-codes (using standard HSN codes) that they intend to

sell when they register under GST. The first two digits of the HSN describe the industry

category of the product. Multi-product firms list products in order of priority. We

41



calculate the concentration of sellers within each 2-digit industry as follows:

𝐻𝐻𝐼𝑖 =
𝑁2∑
𝑠=1

©­­­­«
𝑆𝑎𝑙𝑒𝑠𝑠

𝑁2∑
𝑠
𝑆𝑎𝑙𝑒𝑠𝑠

ª®®®®¬
2

where 𝑁2 is the total number of sellers 𝑠 in industry 𝑖 .

Because we do not know exactly which product is transacted between a buyer and

seller, we make the assumption that a buyer is purchasing the supplier’s top output and

we assign the seller the HHI of the industry of their top output (𝐻𝐻𝐼𝑠 ). The average

concentration of a buyer’s input markets (𝐻𝐻𝐼𝑏) is then calculated as:

𝐻𝐻𝐼𝑏 =
𝑁1∑
𝑠=1

𝑆𝑎𝑙𝑒𝑠𝑠𝑏
𝑁1∑
𝑠=1

𝑆𝑎𝑙𝑒𝑠𝑠𝑏

× 𝐻𝐻𝐼𝑠

where the sum of 𝐻𝐻𝐼𝑠 of each seller that a buyer procures from in each quarter is

weighted by the sales between buyer 𝑏 and seller 𝑠 , 𝑆𝑎𝑙𝑒𝑠𝑠𝑏 , as a share of total sales from

all𝑁1 suppliers to that buyer in that quarter. The HHI varies from 0 to 1 with 1 implying

a perfect monopoly.
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B Sample Selection

Our sample is drawn from the universe of GST taxpayers registeredwith theDelhi Department

of Revenue. Within this firm register, we focus on a target population of taxpayers as defined

by their past non-compliance behavior.

B.1 Target Population

We target two types of behavior: non-filing and late-filing. The distinction between the two

behaviors is important in terms of underlying drivers of each. Filing just a few days or even

a month after the deadline is much more likely to be caused by forgetfulness, lack of salience,

or disorganization than failing to file a return for 3 months or more. Another reason to dis-

tinguish between the two is that tax authorities may want to address both past and future

behavior of taxpayers. Nudges could be used to get taxpayers to file pending returns (i.e. non-

filers) or it could be used to ensure future on-time filing of taxpayerswho filed past returns, but

did so after the deadline. These two behaviors may respond differently to nudges. Moreover,

identifying the population of future late-filers is not as clear as identifying the population of

current non-filers.

For these reasons, we define 2 distinct target populations:

1. Non-filers: These are taxpayers who have a pending return to be filed from any time

between December 2020 and March 2021, as of 31st July. We do not consider pending

returns between March and July 2021 as there may be many returns filed with a delay,

which would be considered late-filing instead.

2. Late-filers: These are taxpayers who filed their returns but only after the deadline in

any return period from January 2021 - June 2021. These taxpayers are more likely than

others to file their future returns late. Past late-filing behavior is indicative of future

late-filing behavior – About 78% of taxpayers who late-file in a given month also file

late in the subsequent month. In contrast, only 25% of taxpayers who file on time in a

given month, fail to do so in the subsequent month.
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Any taxpayer who satisfies the criteria for both “non-filing” and “late-filing” is classified as

a non-filer for the purposes of randomization into a treatment group. Because the intervention

is to send automated messages to taxpayers by phone, we randomized unique phone numbers

into treatment groups, and not unique taxpayers. We drop all taxpayers who share phone

number with other taxpayers from the sample.

After these restrictions, we are left with a sampling frame of 283,794 taxpayers who we

then stratify according to criteria described below.

B.2 Strata

B.2.1 Type of Filing Non-Compliance

We stratify unique phone numbers according to the following types of filing non-compliance:

1. Non-filer of GSTR 1 and GSTR-3

2. Non-filer of GSTR 1 but not GSTR-3

3. Non-filer of GSTR 3 but not GSTR-1

4. Late-filer of GSTR 1 and GSTR 3

5. Late-filer of GSTR 1 but not GSTR-3

6. Late-filer of GSTR 3 but not GSTR 1

We stratify by filing type because each of these filing patterns can be associated with very

different reasons for non-compliance. For example, those who consistently file GSTR-1 but

not GSTR-3 are likely to be invoice mills/ fake firms. GSTR-3 filing is associated with payment

but GSTR-1 is not, which could mean that GSTR-3 filing is affected by liquidity issues while

GSTR-1 is not, and so on.

B.2.2 Imputed Turnover

1. Zero (taxpayers have recorded zero tax payments in FY 2020 including both in cash or

GST credit)
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2. < Rs. 15 million (threshold for composition scheme) 24

3. > Rs. 15 million

Turnover data is missing for about 20 percent of our target population. Therefore, we use

annual total GST payments as a proxy for firms’ taxable turnover, by dividing these payments

by the standard GST rate of 18% .

B.2.3 Nature of Business

We also consider the primary nature of businesses and categorize taxpayers into 4 strata:

1. Wholesalers

2. Retailers

3. Services

4. Others

Since different business models might be non-compliant for different reasons, we treat

these categories as different strata and randomize within them. Additionally, this approach

enhances the external validity of our results across a diverse set of business categories.

B.3 Content of the Nudge Messages

Each month, we nudged taxpayers to submit the return of the preceding calender month. Late

filers of GSTR-1 were encouraged to file by the 11th or the applicable due date. We modified

the deadline to 20th for GSTR-3 late filers. Lastly, for the customized deterrence messages, we

modified the message according to the type of form which the taxpayer had late filed from

December 2021 onwards.

24Composition scheme reduces the burden of regular filing for small taxpayers. These taxpayers cannot claim
input tax credit and have to pay taxes on revenue rather than profits.
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Content of the Nudge Messages

Treatment Arm Message in Hindi Message in English

1. Reminder माननीय करदाता, आपको ɞदल्ली जीएसटʍ
ɟडपाटर्मेंट कʏ तरफ से संपकर् ɟकया जा रहा
है। आप अपनी *ɟपछले महीने* कʏ जीएसटʍ
ɝरटनर् को *वतर्मान महीने कʏ ɟतɡथ* या ɟनधार्-
ɝरत ताɝरख तक भरें|
फाइɭलʌग प्रɟक्रया और भुगतान के तरीकों के
बारे में अɠधक जानकारी के ɡलए जीएसटʍ कʏ
वेबसाइट (www.services.gst.gov.in) पर
जाए।ं

Respected taxpayer, you are being
contacted by the Delhi GST Depart-
ment. Please file your GST return for
*last month* by the *insert date of this
month* or by the due date.
For more information on the fil-
ing process and payment meth-
ods, please visit the GST website
(www.services.gst.gov.in)

2. Deterrence माननीय करदाता, आपको ɞदल्ली जीएसटʍ
ɟडपाटर्मेंट कʏ तरफ से संपकर् ɟकया जा रहा
है। आप अपनी *ɟपछले महीने* कʏ जीएसटʍ
ɝरटनर् को *वतर्मान महीने कʏ ɟतɡथ* या ɟनधार्-
ɝरत ताɝरख तक भरें|
ऐसा ना करने से आप पर 10,000 रु-
पया तक का जुरमाना और प्रɟत वषर् 18 प्र-
ɟतशत ब्याज लगाया जायेगा। फाइɭलʌग प्र-
ɟक्रयाऔरभुगतान के तरीकों के बारे में अɠधक
जानकारी के ɡलए, जीएसटʍ कʏ वेबसाइट
(www.services.gst.gov.in) पर जाए।ं

Respected taxpayer, you are being
contacted by the Delhi GST Depart-
ment. Please file your GST return for
*last month* by the *insert date of this
month* or by the due date.
Failure to do somay result in a penalty
of up to |10,000 and interest at 18%
per annum. For more information
on the filing process and payment
methods, please visit the GST website
(www.services.gst.gov.in).

3. Custom De-
terrence

माननीय करदाता, आपको ɞदल्ली जीएसटʍ
ɟडपाटर्मेंट कʏ तरफ से संपकर् ɟकया जा रहा
है। आप अपनी *ɟपछले महीने* कʏ जीएसटʍ
ɝरटनर् को *वतर्मान महीने कʏ ɟतɡथ* या ɟनधार्-
ɝरत ताɝरख तक भरें|
जीएसटʍ ɝरकाड्र्स के मुताɟबक़ ɞदसंबर 2020
से आज तक आपने *जीएसटʍ फॉमर् नंबर*
कʏ कम से कम एक ɝरटनर् ɟनधार्ɝरत समय के
बाद जमा कʏ है| समय पर जमा नहीं करने
पर आप पर 10,000 रुपया तक का जुरमाना
और प्रɟत वषर् 18 प्रɟतशत ब्याज लगाया जा-
येगा। फाइɭलʌग प्रɟक्रयाऔरभुगतान के तरीकों
के बारे में अɠधक जानकारी के ɡलए, जीएसटʍ
कʏ वेबसाइट (www.services.gst.gov.in)
पर जाए।ं

Respected taxpayer, you are being
contacted by the Delhi GST Depart-
ment. Please file your GST return for
*last month* by the *insert date of this
month* or by the due date. Failure to
file on time may result in a penalty of
up to |10,000 and interest at 18% per
annum.
As per GST records, since Decem-
ber 2020, you have filed at least one
return of *GST Form Number* after
the due date. For more information
about the filing process and payment
methods, please visit the GST website
(www.services.gst.gov.in).
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C Penalties for Filing Non-Compliance

Firms are charged Rs. 200 per day for each day’s delay in filing the GSTR-1, capped at a maxi-

mum between Rs. 500 and Rs. 10,000 depending on the firm’s annual revenue in the previous

year. Failure to file the GSTR-3B also carries penalties and additionally interest on the unpaid

tax liability at the rate of 18 percent per annum. In addition to penalties, several automated

enforcement measures are built in the online portal. First, the return for a subsequent month

cannot be filed on the online portal unless all pending returns are filed. Second, no e-way

bills 25 can be generated if a GSTR-3B (payment-linked) return is pending. Third, starting in

August 2021, no GSTR-1 (credit-linked) return can be filed if a GSTR-3B return is pending,

which implies that a taxpayer has to make a payment before providing credits to her buyer,

though the payment can be lower than the credits she provides. Finally, firms that haven’t

filed their returns for over 6 months can be deregistered.26

All these enforcement measures do not affect the internal validity of our estimates, as we

rely on experimental identification. In fact, in other contexts which lack such sophisticated

enforcement, we might find even stronger effects.

We observe that even though the provision of late fees and interest payments were legally

available, they were not fully enforced by the tax officials during our study period. Appendix

Figure A1 shows that fewer than 60% of taxpayers who filed a late return pay penalties in the

subsequent return period. The probability ofmaking any interest payments aftermaking a late

payment was even lower. Appendix Figure A2 shows that almost no taxpayers were making

interest payments until the start of 2022.27 This lax enforcement might lower taxpayer’s per-

ception of credible enforcement in case of filing non-compliance. Through a communication

intervention, we experimentally increase this perceived probability of enforcement without

increasing actual enforcement.

25GST E-way bill is a document used to track goods in transit. A registered taxpayer transporting goods of
value greater than Rs. 50,000 must possess an E-way bill generated on the GST Portal

26Deregistration of a firm mandatorily requires a notice issued by a tax officer which can sometimes take
longer than 6 months.

27Discussions with tax officers revealed that starting in 2022, the filing portal automatically calculated and
filled in the interest payment due. This change could account for the sharp increase in interest payments starting
in January 2022. Still, no more than 40 percent of late-filers make the payment.
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D Additional Robustness Checks

To test whether the restriction of our main sample to taxpayers with at least 70 percent of

their credits from Delhi-registered sellers affects our estimated treatment effects, we follow

Stuart et al. (2011) and re-estimate our main specifications after re-weighting the sample to

match the characteristics of buyers excluded based on the seller registration criteria.

As Table D.1 shows, the main analysis sample differs slightly from the excluded sample.

Our main sample is more skewed towards retail, smaller, fewer services, and slightly older.

These differences are very small although statistically significant. We reweight our main sam-

ple based on these observable differences. We generate weights by estimating a propensity

score for inclusion in the sample based on the following characteristics: log output liabil-

ity, any out-of-state sales, number of Delhi-registered sellers, months registered, and sector

of operation. We then re-estimate our main specification weighting by the inverse of these

propensity scores.

Table D.2 shows that our results are very similar after re-weighting. Columns 1 and 2

replicate Columns 3 and 4 of Table 2 where the point estimates are only slightly different.

Similarly, columns 3 and 4 of Table D.2 replicate columns 1 and 2 of Table 3 where again, the

point estimate are very similar. This exercise reassures us that our results are not biased by

the sample limitation based on sellers’ location.

Table D.1: Comparison of main sample to excluded sample based on seller network location

Excluded Sample Main Sample P-value of Difference

Log(Output Liability) 11.79 11.40 0.000
Has Inter-state sales 0.84 0.84 0.427
No. of Delhi Sellers 15.78 16.75 0.000
Months Registered 41.10 43.81 0.000
Retailer 0.35 0.40 0.000
Upstream 0.26 0.29 0.000
Services 0.14 0.10 0.000

Observations 47483 26877 .

Notes: Comparison of characteristics, in September 2021, of main sample and excluded sample. In our main
analysis, we exclude buyers who source over 30 percent of their input tax credits from sellers located outside
Delhi.
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Table D.2: On-time Filing Behavior: Re-weighting to match taxpayers with out-of-state seller
networks

All Above-median Below-median

(1) (2) (3) (4)
GSTR-3B GSTR-1 GSTR-3B GSTR-3B

Reminder 0.004 0.006 0.018∗ −0.009
(0.010) (0.010) (0.010) (0.011)

Deterrence 0.016∗∗ 0.016∗∗ 0.025∗∗∗ 0.007
(0.007) (0.007) (0.007) (0.008)

Share July Sellers Treated −0.012 0.005
(0.020) (0.019)

Share July Sellers Assigned 0.022 0.023
(0.018) (0.018)

Constant 0.796∗∗∗ 0.776∗∗∗ 0.798∗∗∗ 0.774∗∗∗

(0.006) (0.006) (0.007) (0.008)

Observations 17,596 17,596 27,467 24,216
Notes: Table presents results of specification (5) in columns 1 and 2, and (7) in columns 3 and 4, with inverse
propensity score weights to match taxpayer population unrestricted by seller network location. The dependent
variable in columns 1,3 and 4 is a dummy for whether a taxpayer filed the GSTR-3B return (payment-linked) by
the deadline in the months of August-October. The sample is restricted to our main analysis sample of firms
with some history of non-compliance, and at least 70 percent of tax credits from Delhi-registered sellers prior
to treatment. Column 3 restricts attention to taxpayers with above-median compliance in their seller network.
Column 4 restricts taxpayers with below-median network compliance. All specifications include strata bymonth
fixed effects. Standard errors are clustered by taxpayer, and reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05,
∗∗∗ 𝑝 < 0.01.
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E Explanation of Spillovers Specification

Here we show that including a control for share of sellers in study sample and its interaction

with treatment ensures exogeneity of the share of sellers treated in our spillovers specification.

Let 𝑆𝑖 be the buyer 𝑖’s network of sellers and let 𝑤𝑖𝑠 denote the value of sales between

buyer 𝑖 and seller 𝑠 such that
∑

𝑠∈𝑆𝑖 𝑤𝑖𝑠 = 1. For each seller 𝑠 , let Assigned𝑠 ∈ {0, 1} indi-

cate inclusion in the experiment sample and let Treated𝑠 ∈ {0, 1} indicate assignment to any

message. It follows that Pr(Treated𝑠 = 1 | Assigned𝑠) = 𝑝 Assigned𝑠 , where 𝑝 is the probabil-

ity of treating a seller included in the sample. In our experiment, it equals 0.75. Define 𝐴𝑖 ≡

Share Sellers Assigned𝑖 =
∑

𝑆𝑖 𝑤𝑖𝑠Assigned𝑠 and 𝑇𝑖 ≡ Share Sellers Treated𝑖 =
∑

𝑆𝑖 𝑤𝑖𝑠Treated𝑠 .

Then E[𝑇𝑖 |𝐴𝑖] =
∑

𝑠 𝑤𝑖𝑠 E[Treated𝑠 | Assigned𝑠] =
∑

𝑠 𝑤𝑖𝑠 𝑝 Assigned𝑠 = 𝑝𝐴𝑖 . Hence

𝑇𝑖 − 𝑝𝐴𝑖 has mean zero conditional on 𝐴𝑖 .

Because buyer assignment to treatment𝐷𝑖 is independent of sellers’ treatment,E[𝐷𝑖𝑇𝑖 |𝐷𝑖, 𝐴𝑖] =

𝐷𝑖𝑝𝐴𝑖 , so 𝐷𝑖 (𝑇𝑖 − 𝑝𝐴𝑖) also has mean zero given (𝐷𝑖, 𝐴𝑖). Therefore, in Eq. (9), including

Share Sellers Assigned𝑖 and Share Sellers Assigned𝑖 ×𝐷𝑖 accounts for systematic variation in

the variables: Share Sellers Treated𝑖 and Share Sellers Treated𝑖 ×𝐷𝑖 . The coefficients on these

treatment variables now only capture the causal effects from randomized assignment of buy-

ers and sellers within assigned groups to treatment.
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F Appendix Figures and Tables

Figure A1: Late Fee or Interest Payment by Late Filers
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Notes: Figure shows the probability that a taxpayer pays any late fee or interest after filing their previous GSTR-1
or GSTR-3B return late. Sample is restricted to firms that are supposed to file on a monthly basis. We omit Feb -
June 2021 return periods because of incomplete data.

Figure A2: Interest Payment by GSTR-3B late filers
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Notes: Figure shows the probability that a taxpayer pays any interest after filing their previous GSTR-3B return
late. Sample is restricted to firms that are supposed to file on a monthly basis. We omit Feb - June 2021 return
periods because of incomplete data.
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Figure A3: Round-wise summary of calls

(a) Response rate of the firms for each round of calling

(b) Success rate of calls for each round of calling
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Table A1: Summary Statistics of Full Sample

Mean Median Std. Dev. Min. Max. Obs.

Previous late-filer 0.60 1.00 0.49 0.00 1.00 341,854
Share Sellers State-Registered 0.61 0.70 0.37 0.00 1.00 233,222
Network Compliance, Jul 2021 0.75 0.98 0.36 0.00 1.00 193,970
Share ITC from Delhi Sellers 11.20 0.77 1,035.30 0.00 317,118.72 189,640
Retailer 0.34 0.00 0.47 0.00 1.00 341,854
Upstream 0.22 0.00 0.41 0.00 1.00 341,854
Services 0.18 0.00 0.38 0.00 1.00 341,854
Months Registered 38.60 49.00 15.11 6.00 50.00 341,853
Has Inter-state sales 0.60 1.00 0.49 0.00 1.00 333,802
Number of Sellers from Delhi 8.65 4.00 14.98 1.00 786.00 233,222
Log(Output Liability) 10.64 11.00 2.53 0.00 20.72 223,109
Notes: This table shows the summary statistics for all the taxpayers registered in Delhi for the month of Septem-
ber, 2021.

Table A2: State Vs. Center-Registered Taxpayers

Centre State P-value of Difference

SGST in FY 2020 586894.37 471256.39 0.000
Has Inter-state sales 0.51 0.58 0.000
No. of Delhi buyers 8.86 9.83 0.000
Months Registered 20.04 25.98 0.000
Retailer 0.34 0.35 0.000
Upstream 0.20 0.23 0.000
Services 0.20 0.18 0.000
Monthly Filer 0.59 0.54 0.000
Pending GSTR 3 0.24 0.21 0.000
Pending GSTR 1 0.23 0.17 0.000
Late Filed GSTR 3 0.50 0.49 0.000
Late Filed GSTR 1 0.75 0.81 0.000
Shared Phone Number 0.39 0.37 0.000

Observations 274861 452551 .
Notes: Comparison of State vs Center-registered taxpayers with some history of filing non-compliance. Sample
includes all taxpayers who were GST-registered in Delhi and active as on June 2021.
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Table A3: Taxpayers With and Without Shared Registered Phone Numer

Unique Number Shared Number P-value of Difference

SGST in FY 2020 422830.89 553044.07 0.000
Has Inter-state sales 0.60 0.54 0.000
No. of Delhi buyers 10.25 9.09 0.000
Months Registered 26.00 25.94 0.236
Retailer 0.36 0.33 0.000
Upstream 0.23 0.22 0.000
Services 0.17 0.20 0.000
Monthly Filer 0.54 0.54 0.001
Pending GSTR 3 0.21 0.22 0.000
Pending GSTR 1 0.17 0.18 0.000
Late Filed GSTR 3 0.49 0.49 0.621
Late Filed GSTR 1 0.81 0.80 0.000

Observations 284250 168301 .
Notes: Sample consists of population of State-registered taxpayers with some history of non-compliance, active
and registered as on June 2021.

Table A4: Balance Table - First Stage

(1) (2) (3) (4)
Control Reminder Deterrence Custom Deterrence

SGST in FY 2020 433,153.82 402,496.40 437,094.12 402,299.11
(0.34) (0.88) (0.20)

Has Inter-state sales 0.60 0.60 0.60 0.60
(0.72) (0.77) (0.74)

No. of Delhi buyers 10.09 10.23 10.25 10.26
(0.35) (0.19) (0.17)

Months Registered 25.98 25.89 26.02 26.00
(0.35) (0.65) (0.81)

Retailer 0.36 0.36 0.36 0.36
(0.67) (0.59) (0.84)

Upstream 0.23 0.23 0.23 0.23
(0.63) (0.26) (0.34)

Services 0.17 0.17 0.17 0.17
(0.73) (0.78) (0.84)

Monthly Filer 0.53 0.54 0.53 0.54
(0.37) (0.57) (0.07)

Pending GSTR 3 0.21 0.21 0.21 0.21
(0.95) (0.96) (0.94)

Pending GSTR 1 0.17 0.17 0.17 0.17
(0.92) (0.93) (0.95)

Late Filed GSTR 3 0.49 0.49 0.49 0.49
(0.89) (0.76) (0.84)

Late Filed GSTR 1 0.81 0.81 0.81 0.81
(0.89) (1.00) (0.99)

Notes: P-value of t-test of difference of mean between treatment group and control in parentheses.
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Table A5: Probability of On-time Filing of GSTR-3B by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.009 0.011 0.029∗∗ 0.007 0.011
(0.013) (0.011) (0.012) (0.013) (0.011)

Deterrence 0.024∗∗∗ 0.024∗∗∗ 0.025∗∗∗ 0.006 0.007
(0.009) (0.008) (0.009) (0.009) (0.008)

Share July Sellers Treated -0.008 0.007 -0.002 0.006 0.042∗
(0.026) (0.022) (0.025) (0.026) (0.022)

Share July Sellers Assigned 0.021 0.013 0.018 0.015 0.007
(0.023) (0.020) (0.023) (0.023) (0.020)

Constant 0.781∗∗∗ 0.786∗∗∗ 0.812∗∗∗ 0.819∗∗∗ 0.812∗∗∗
(0.009) (0.007) (0.008) (0.008) (0.007)

Sample Mean 0.80 0.81 0.84 0.83 0.83
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder -0.019 -0.003 -0.005 -0.001 0.006
(0.014) (0.011) (0.014) (0.014) (0.011)

Deterrence 0.007 0.016∗ 0.002 0.015 0.017∗∗
(0.010) (0.008) (0.010) (0.010) (0.008)

Share July Sellers Treated 0.001 -0.027 0.010 0.009 -0.007
(0.025) (0.019) (0.024) (0.024) (0.019)

Share July Sellers Assigned 0.025 0.046∗∗∗ 0.022 0.002 0.021
(0.023) (0.018) (0.022) (0.022) (0.017)

Constant 0.757∗∗∗ 0.768∗∗∗ 0.800∗∗∗ 0.791∗∗∗ 0.792∗∗∗
(0.010) (0.008) (0.009) (0.009) (0.008)

Sample Mean 0.77 0.78 0.81 0.80 0.81
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether a taxpayer filed
the GSTR-3B return (payment-linked) by the deadline in the month listed on top of the column. The sample in
both panels is restricted to our main analysis sample of firms with some history of non-compliance, and at least
70 percent of tax credits from Delhi-registered sellers prior to treatment. The sample in Panel A is additionally
restricted to those buyers with above-median (i.e. greater than 87%) credits filed by their suppliers in July, while
Panel B consists of below-median buyers. All specifications include strata fixed effects. Standard errors reported
in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A6: On-time Filing of GSTR-3B by Network Compliance- Direct effects

Compliance in the Network:

(1) (2)
Above-median Below-median

Reminder 0.038∗∗ −0.011
(0.018) (0.021)

Deterrence 0.024∗ 0.003
(0.014) (0.015)

Share July Sellers Assigned −0.034 0.017
(0.029) (0.027)

Constant 0.773∗∗∗ 0.455∗∗∗

(0.092) (0.079)

Observations 7,339 7,126
Controls Yes Yes
Notes: Table presents results of specification (7). The dependent variable is a dummy for whether a taxpayer
filed the GSTR-3B return (payment-linked) by the deadline in the months of August-October. The sample is
restricted to our main analysis sample of firms with some history of non-compliance, and at least 70 percent of
tax credits fromDelhi-registered sellers prior to treatment. We further only consider buyerswith no seller treated
in their July network. Columns 1 and 3 restrict attention to taxpayers with above-median compliance in their
seller network, which columns 2 and 4 are taxpayers with below-median network compliance. All specifications
include strata by month fixed effects. Standard errors clustered by taxpayer, reported in parentheses. ∗ 𝑝 < 0.10,
∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A7: Probability of Net Zero VAT Liability by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.023 0.010 0.023 0.034∗∗ 0.010
(0.016) (0.014) (0.017) (0.017) (0.014)

Deterrence 0.026∗∗ 0.022∗∗ 0.015 0.020 0.009
(0.012) (0.010) (0.012) (0.012) (0.010)

Share July Sellers Treated -0.001 0.031 0.055 0.014 0.052∗
(0.033) (0.028) (0.034) (0.034) (0.029)

Share July Sellers Assigned -0.014 -0.036 -0.069∗∗ -0.016 -0.070∗∗∗
(0.029) (0.025) (0.030) (0.031) (0.026)

Constant 0.453∗∗∗ 0.434∗∗∗ 0.453∗∗∗ 0.459∗∗∗ 0.447∗∗∗
(0.011) (0.009) (0.011) (0.011) (0.009)

Sample Mean 0.47 0.44 0.46 0.47 0.45
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder -0.021 -0.005 -0.011 -0.004 -0.002
(0.017) (0.014) (0.017) (0.017) (0.014)

Deterrence 0.002 0.014 0.013 0.011 0.016
(0.012) (0.010) (0.013) (0.013) (0.010)

Share July Sellers Treated 0.018 0.034 0.029 0.019 0.001
(0.029) (0.023) (0.030) (0.030) (0.024)

Share July Sellers Assigned -0.030 -0.039∗ -0.039 -0.008 -0.023
(0.027) (0.021) (0.028) (0.028) (0.022)

Constant 0.469∗∗∗ 0.433∗∗∗ 0.462∗∗∗ 0.483∗∗∗ 0.451∗∗∗
(0.011) (0.009) (0.012) (0.012) (0.010)

Sample Mean 0.46 0.44 0.46 0.49 0.45
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether a taxpayer
reported net zero liability (i.e. zero payment in cash) by the deadline in the month listed on top of the column.
The sample in both panels is restricted to our main analysis sample of firmswith some history of non-compliance,
and at least 70 percent of tax credits from Delhi-registered sellers prior to treatment. The sample in Panel A is
additionally restricted to those buyers with above-median (i.e. greater than 87%) credits filed by their suppliers in
July, while Panel B consists of below-median network compliance. All specifications include strata fixed effects.
Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A8: Probability of Higher Net VAT Liability by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder -0.004 -0.021 -0.026 -0.023 -0.005
(0.015) (0.013) (0.016) (0.016) (0.014)

Deterrence -0.023∗∗ -0.021∗∗ -0.030∗∗∗ -0.013 -0.017∗
(0.011) (0.010) (0.012) (0.011) (0.010)

Share July Sellers Treated -0.009 0.002 -0.076∗∗ -0.021 -0.058∗∗
(0.030) (0.027) (0.033) (0.032) (0.028)

Share July Sellers Assigned 0.022 0.002 0.071∗∗ 0.023 0.043∗
(0.027) (0.024) (0.029) (0.028) (0.025)

Constant 0.309∗∗∗ 0.337∗∗∗ 0.351∗∗∗ 0.313∗∗∗ 0.347∗∗∗
(0.010) (0.009) (0.011) (0.010) (0.009)

Sample Mean 0.30 0.32 0.33 0.30 0.34
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder 0.007 -0.011 0.020 -0.002 0.015
(0.016) (0.013) (0.017) (0.016) (0.014)

Deterrence -0.004 -0.014 -0.008 -0.002 -0.006
(0.012) (0.010) (0.012) (0.012) (0.010)

Share July Sellers Treated -0.010 -0.040∗ -0.018 -0.017 -0.007
(0.028) (0.022) (0.029) (0.028) (0.023)

Share July Sellers Assigned 0.031 0.032 0.026 0.010 0.016
(0.025) (0.020) (0.026) (0.026) (0.021)

Constant 0.305∗∗∗ 0.336∗∗∗ 0.323∗∗∗ 0.300∗∗∗ 0.329∗∗∗
(0.011) (0.009) (0.011) (0.011) (0.009)

Sample Mean 0.31 0.33 0.33 0.30 0.33
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is an indicator for whether the taxpayer
reports a net tax liability greater than their net liability in July 2021 by the deadline in the month specified in the
column header. The sample in both panels is restricted to our main analysis sample of firms with some history
of non-compliance, and at least 70 percent of tax credits from Delhi-registered sellers prior to treatment. The
sample in Panel A is additionally restricted to those buyers with above-median (i.e. greater than 87%) credits
filed by their suppliers in July, while Panel B consists of below-median buyers. All specifications include strata
fixed effects. Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A9: Probability of Zero Output Liability by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder -0.001 0.006 -0.001 -0.003 -0.002
(0.006) (0.004) (0.005) (0.006) (0.004)

Deterrence 0.006 0.005∗ -0.001 -0.002 -0.000
(0.004) (0.003) (0.004) (0.004) (0.003)

Share July Sellers Treated 0.010 0.002 0.000 -0.013 -0.007
(0.012) (0.008) (0.011) (0.012) (0.009)

Share July Sellers Assigned -0.014 -0.010 -0.017∗ -0.009 -0.002
(0.011) (0.008) (0.010) (0.011) (0.008)

Constant 0.033∗∗∗ 0.021∗∗∗ 0.030∗∗∗ 0.040∗∗∗ 0.024∗∗∗
(0.004) (0.003) (0.004) (0.004) (0.003)

Sample Mean 0.03 0.02 0.02 0.03 0.02
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder 0.006 -0.007 -0.010 0.004 -0.001
(0.008) (0.006) (0.008) (0.009) (0.005)

Deterrence 0.006 0.001 0.002 0.005 0.005
(0.006) (0.004) (0.006) (0.007) (0.004)

Share July Sellers Treated -0.009 0.003 -0.018 -0.015 -0.010
(0.014) (0.009) (0.013) (0.015) (0.009)

Share July Sellers Assigned -0.003 -0.013 0.005 0.012 -0.001
(0.013) (0.009) (0.012) (0.014) (0.008)

Constant 0.060∗∗∗ 0.044∗∗∗ 0.052∗∗∗ 0.065∗∗∗ 0.037∗∗∗
(0.006) (0.004) (0.005) (0.006) (0.004)

Sample Mean 0.06 0.04 0.05 0.07 0.04
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether tax liability on
sales alone is zero (i.e. zero taxable sales reported) for the month specified in the column header. The sample in
both panels is restricted to our main analysis sample of firms with some history of non-compliance, and at least
70 percent of tax credits from Delhi-registered sellers prior to treatment. The sample in Panel A is additionally
restricted to those buyers with above-median (i.e. greater than 87%) credits filed by their suppliers in July, while
Panel B consists of below-median buyers. All specifications include strata fixed effects. Standard errors reported
in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A10: Probability of Higher Output Liability by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder -0.012 -0.043∗∗∗ -0.018 -0.016 -0.033∗∗
(0.016) (0.014) (0.017) (0.017) (0.014)

Deterrence -0.007 -0.026∗∗ -0.034∗∗∗ -0.025∗∗ -0.028∗∗∗
(0.012) (0.010) (0.012) (0.012) (0.010)

Share July Sellers Treated 0.003 0.014 -0.001 0.051 0.030
(0.032) (0.028) (0.035) (0.034) (0.030)

Share July Sellers Assigned 0.008 0.020 0.037 -0.015 0.004
(0.029) (0.025) (0.031) (0.030) (0.026)

Constant 0.397∗∗∗ 0.480∗∗∗ 0.504∗∗∗ 0.414∗∗∗ 0.514∗∗∗
(0.011) (0.009) (0.011) (0.011) (0.010)

Sample Mean 0.39 0.47 0.49 0.40 0.50
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder -0.000 0.017 0.008 -0.012 -0.006
(0.017) (0.014) (0.018) (0.017) (0.014)

Deterrence 0.004 -0.002 0.002 -0.014 -0.019∗
(0.012) (0.010) (0.013) (0.013) (0.010)

Share July Sellers Treated 0.014 -0.017 0.026 -0.024 -0.020
(0.029) (0.024) (0.031) (0.030) (0.024)

Share July Sellers Assigned -0.016 0.008 -0.005 -0.008 -0.002
(0.026) (0.021) (0.028) (0.027) (0.022)

Constant 0.392∗∗∗ 0.448∗∗∗ 0.463∗∗∗ 0.419∗∗∗ 0.516∗∗∗
(0.011) (0.009) (0.012) (0.012) (0.010)

Sample Mean 0.39 0.45 0.47 0.40 0.50
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether output liability
is higher than in July 2021 for the month specified in the column header. The sample in both panels is restricted
to our main analysis sample of firms with some history of non-compliance, and at least 70 percent of tax credits
from Delhi-registered sellers prior to treatment. The sample in Panel A is additionally restricted to those buyers
with above-median (i.e. greater than 87%) credits filed by their suppliers in July, while Panel B consists of below-
median buyers. All specifications include strata fixed effects. Standard errors reported in parentheses. ∗ 𝑝 < 0.10,
∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A11: Probability of Higher ITC by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder -0.041∗∗ -0.026∗ -0.017 -0.016 -0.012
(0.016) (0.014) (0.017) (0.017) (0.014)

Deterrence -0.017 -0.017∗ -0.012 -0.012 -0.006
(0.012) (0.010) (0.012) (0.012) (0.010)

Share July Sellers Treated -0.025 -0.002 -0.030 -0.030 -0.010
(0.033) (0.028) (0.034) (0.034) (0.029)

Share July Sellers Assigned -0.008 0.004 0.043 0.043 0.030
(0.030) (0.025) (0.031) (0.031) (0.026)

Constant 0.542∗∗∗ 0.525∗∗∗ 0.556∗∗∗ 0.556∗∗∗ 0.547∗∗∗
(0.011) (0.009) (0.011) (0.011) (0.009)

Sample Mean 0.52 0.51 0.55 0.55 0.55
Observations 9,709 13,523 9,187 9,185 12,850

Panel B: Buyers Below Median Compliance

Reminder 0.011 0.008 -0.000 -0.001 0.002
(0.017) (0.014) (0.017) (0.017) (0.014)

Deterrence -0.005 -0.011 -0.023∗ -0.023∗ -0.015
(0.012) (0.010) (0.013) (0.013) (0.010)

Share July Sellers Treated 0.041 0.015 0.008 0.008 -0.005
(0.029) (0.024) (0.030) (0.030) (0.024)

Share July Sellers Assigned -0.048∗ -0.032 -0.024 -0.025 -0.013
(0.027) (0.021) (0.028) (0.028) (0.022)

Constant 0.505∗∗∗ 0.502∗∗∗ 0.549∗∗∗ 0.549∗∗∗ 0.539∗∗∗
(0.011) (0.009) (0.012) (0.012) (0.010)

Sample Mean 0.50 0.49 0.53 0.53 0.53
Observations 8,883 13,349 8,336 8,332 12,691

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether the taxpayer
claimed more credits than in July 2021 for the month specified in the column header. The sample in both panels
is restricted to our main analysis sample of firms with some history of non-compliance, and at least 70 percent
of tax credits from Delhi-registered sellers prior to treatment. The sample in Panel A is additionally restricted
to those buyers with above-median (i.e. greater than 87%) credits filed by their suppliers in July, while Panel
B consists of below-median buyers. All specifications include strata fixed effects. Standard errors reported in
parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A12: Probability of Repeating Any Late Seller by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.001 -0.026∗∗ -0.009 -0.028∗ -0.024∗
(0.016) (0.013) (0.016) (0.015) (0.012)

Deterrence 0.001 -0.010 -0.011 -0.025∗∗ -0.009
(0.012) (0.010) (0.012) (0.011) (0.009)

Share July Sellers Treated 0.031 0.019 0.036 0.032 -0.021
(0.032) (0.027) (0.033) (0.032) (0.026)

Share July Sellers Assigned -0.078∗∗∗ -0.076∗∗∗ -0.085∗∗∗ -0.053∗ -0.036
(0.029) (0.025) (0.030) (0.028) (0.023)

Constant 0.409∗∗∗ 0.370∗∗∗ 0.379∗∗∗ 0.315∗∗∗ 0.264∗∗∗
(0.011) (0.009) (0.011) (0.010) (0.008)

Sample Mean 0.40 0.34 0.36 0.29 0.24
Observations 9,547 13,140 9,019 8,993 12,527

Panel B: Buyers Below Median Compliance

Reminder 0.007 -0.000 -0.008 0.009 0.006
(0.017) (0.014) (0.017) (0.016) (0.013)

Deterrence -0.024∗ -0.009 -0.011 -0.005 -0.004
(0.013) (0.010) (0.013) (0.012) (0.009)

Share July Sellers Treated 0.030 -0.004 0.002 -0.040 -0.014
(0.031) (0.024) (0.031) (0.030) (0.022)

Share July Sellers Assigned -0.191∗∗∗ -0.111∗∗∗ -0.131∗∗∗ -0.077∗∗∗ -0.098∗∗∗
(0.028) (0.022) (0.028) (0.027) (0.020)

Constant 0.565∗∗∗ 0.393∗∗∗ 0.417∗∗∗ 0.340∗∗∗ 0.294∗∗∗
(0.012) (0.009) (0.012) (0.011) (0.009)

Sample Mean 0.50 0.35 0.37 0.30 0.26
Observations 8,387 12,237 7,849 7,763 11,841

Notes: Table presents results of specification (7). The dependent variable is a dummy for whether a seller from
the taxpayer’s network who had late filed GSTR-1 in the previous month appears again in the taxpayer’s network
in the month specified in the column header. The sample in both panels is restricted to our main analysis sample
of firms with some history of non-compliance, and at least 70 percent of tax credits from Delhi-registered sellers
prior to treatment. The sample in Panel A is additionally restricted to those buyers with above-median (i.e.
greater than 87%) credits filed by their suppliers in July, while Panel B consists of below-median buyers. All
specifications include strata fixed effects. Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05,
∗∗∗ 𝑝 < 0.01.
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Table A13: Proportion of ITC from Repeat Late Seller, by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.001 0.003 0.007 0.002 -0.002
(0.003) (0.003) (0.004) (0.004) (0.003)

Deterrence -0.000 0.002 0.002 -0.004 0.000
(0.002) (0.003) (0.003) (0.003) (0.002)

Share July Sellers Treated 0.010 0.016∗∗ -0.003 0.005 -0.003
(0.007) (0.007) (0.008) (0.008) (0.005)

Share July Sellers Assigned -0.020∗∗∗ -0.016∗∗∗ -0.005 -0.004 -0.004
(0.006) (0.006) (0.008) (0.007) (0.005)

Constant 0.035∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.032∗∗∗ 0.023∗∗∗
(0.002) (0.002) (0.003) (0.003) (0.002)

Sample Mean 0.03 0.04 0.04 0.03 0.02
Observations 9,547 13,315 9,108 9,051 12,712

Panel B: Buyers Below Median Compliance

Reminder 0.011 0.004 -0.006 0.012∗ 0.000
(0.010) (0.006) (0.007) (0.007) (0.005)

Deterrence -0.001 -0.003 -0.007 0.005 -0.002
(0.008) (0.004) (0.005) (0.005) (0.003)

Share July Sellers Treated 0.030 0.005 0.003 -0.012 -0.001
(0.019) (0.010) (0.013) (0.013) (0.008)

Share July Sellers Assigned -0.090∗∗∗ -0.029∗∗∗ -0.037∗∗∗ -0.015 -0.016∗∗
(0.017) (0.009) (0.012) (0.011) (0.007)

Constant 0.198∗∗∗ 0.089∗∗∗ 0.100∗∗∗ 0.074∗∗∗ 0.057∗∗∗
(0.007) (0.004) (0.005) (0.005) (0.003)

Sample Mean 0.18 0.08 0.08 0.07 0.05
Observations 8,387 12,729 8,059 7,977 12,300

Notes: Table presents results of specification (7). The dependent variable is the input tax credits available to
the taxpayer from delinquent sellers in the previous month, as a share of their total ITC available in the month
specified in the column header. The sample in both panels is restricted to our main analysis sample of firms
with some history of non-compliance, and at least 70 percent of tax credits from Delhi-registered sellers prior to
treatment. The sample in Panel A is additionally restricted to those buyers with above-median (i.e. greater than
87%) credits filed by their suppliers in July, while Panel B consists of below-median buyers. All specifications
include strata fixed effects. Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A14: Proportion of Late Sellers Repeated, by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.005 -0.018 -0.010 -0.013 -0.020∗
(0.014) (0.012) (0.013) (0.013) (0.011)

Deterrence 0.009 -0.004 -0.008 -0.020∗∗ -0.007
(0.010) (0.008) (0.009) (0.010) (0.008)

Share July Sellers Treated 0.029 0.017 0.021 0.022 -0.020
(0.028) (0.024) (0.026) (0.027) (0.023)

Share July Sellers Assigned -0.054∗∗ -0.053∗∗ -0.048∗∗ -0.036 -0.023
(0.025) (0.021) (0.023) (0.024) (0.020)

Constant 0.313∗∗∗ 0.292∗∗∗ 0.261∗∗∗ 0.245∗∗∗ 0.219∗∗∗
(0.009) (0.008) (0.009) (0.009) (0.007)

Sample Mean 0.31 0.28 0.25 0.23 0.20
Observations 9,547 13,140 9,019 8,993 12,527

Panel B: Buyers Below Median Compliance

Reminder -0.007 -0.005 -0.004 0.007 0.002
(0.015) (0.012) (0.014) (0.014) (0.011)

Deterrence -0.029∗∗∗ -0.007 -0.012 -0.003 -0.006
(0.011) (0.009) (0.010) (0.010) (0.008)

Share July Sellers Treated 0.039 -0.007 0.007 -0.027 -0.018
(0.027) (0.021) (0.025) (0.025) (0.020)

Share July Sellers Assigned -0.169∗∗∗ -0.080∗∗∗ -0.092∗∗∗ -0.065∗∗∗ -0.070∗∗∗
(0.025) (0.019) (0.022) (0.023) (0.018)

Constant 0.459∗∗∗ 0.320∗∗∗ 0.296∗∗∗ 0.269∗∗∗ 0.248∗∗∗
(0.010) (0.008) (0.009) (0.010) (0.008)

Sample Mean 0.40 0.29 0.26 0.24 0.22
Observations 8,387 12,237 7,849 7,763 11,841

Notes: Table presents results of specification (7). The dependent variable is the share of all delinquent sellers in
their previous month’s network that appear again in their seller network in the month specified in the column
header. The sample in both panels is restricted to our main analysis sample of firms with some history of non-
compliance, and at least 70 percent of tax credits from Delhi-registered sellers prior to treatment. The sample in
Panel A is additionally restricted to those buyers with above-median (i.e. greater than 87%) credits filed by their
suppliers in July, while Panel B consists of below-median buyers. All specifications include strata fixed effects.
Standard errors reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.

64



Table A15: Proportion of Sellers Filing On-time, by Network Compliance

Return Month:

(1) (2) (3) (4) (5)
August September October November December

Panel A: Buyers Above Median Compliance

Reminder 0.007 -0.012∗∗∗ 0.003 0.005 -0.001
(0.006) (0.004) (0.006) (0.006) (0.004)

Deterrence -0.002 -0.002 0.003 0.004 0.004
(0.005) (0.003) (0.004) (0.005) (0.003)

Share July Sellers Treated -0.005 -0.014 -0.016 -0.006 -0.006
(0.013) (0.009) (0.012) (0.013) (0.008)

Share July Sellers Assigned -0.023∗∗ 0.025∗∗∗ -0.030∗∗∗ -0.018 0.019∗∗∗
(0.011) (0.008) (0.011) (0.011) (0.007)

Constant 0.798∗∗∗ 0.883∗∗∗ 0.822∗∗∗ 0.825∗∗∗ 0.894∗∗∗
(0.004) (0.003) (0.004) (0.004) (0.003)

Sample Mean 0.79 0.88 0.81 0.82 0.90
Observations 9,547 13,315 9,108 9,051 12,712

Panel B: Buyers Below Median Compliance

Reminder -0.010 -0.002 -0.007 0.003 0.003
(0.010) (0.006) (0.009) (0.009) (0.006)

Deterrence -0.004 0.005 -0.000 -0.001 0.006
(0.007) (0.005) (0.007) (0.007) (0.004)

Share July Sellers Treated -0.007 0.005 0.021 0.017 0.010
(0.017) (0.011) (0.016) (0.017) (0.010)

Share July Sellers Assigned -0.060∗∗∗ 0.042∗∗∗ -0.069∗∗∗ -0.074∗∗∗ 0.024∗∗∗
(0.016) (0.010) (0.015) (0.015) (0.009)

Constant 0.684∗∗∗ 0.821∗∗∗ 0.728∗∗∗ 0.744∗∗∗ 0.850∗∗∗
(0.007) (0.004) (0.006) (0.006) (0.004)

Sample Mean 0.66 0.84 0.71 0.72 0.86
Observations 8,387 12,729 8,060 7,977 12,300

Notes: Table presents results of specification (7). The dependent variable is the share of their sellers in the current
return period that filed their GSTR-1 on-time in the month specified in the column header. The sample in both
panels is restricted to our main analysis sample of firms with some history of non-compliance, and at least 70
percent of tax credits from Delhi-registered sellers prior to treatment. The sample in Panel A is additionally
restricted to those buyers with above-median (i.e. greater than 87%) credits filed by their suppliers in July, while
Panel B consists of below-median buyers. All specifications include strata fixed effects. Standard errors reported
in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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Table A16: Correlation between Persistence and Competitiveness of the Supplier’s Network

Proportion of Repeated Sellers

(1) (2)

HHI of the Sellers 0.084∗∗∗ 0.309∗∗∗

(0.001) (0.002)

Constant 0.373∗∗∗ 0.259∗∗∗

(0.001) (0.001)

Observations 1,109,599 1,011,461
Month FEs Yes Yes
Taxpayer FEs No Yes
Notes: Each observation is a taxpayer and return period. The dependent variable is the proportion of sellers
that are repeated from the previous month. We measure the competitiveness of a buyer’s input market by the
Herfindahl-Hirschman Index (HHI) of their inputs. The sample consists of all the registered Delhi buyers from
May-July 2021. Standard errors are reported in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01.
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