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Abstract 

Do performance-based financing mechanisms reduce implementation delays of public investments? We 

investigate this question by taking advantage of the introduction in 2021 of the National Recovery and 

Resilience Plan (NRRP) in Italy, a performance-based program financed through the Recovery and 

Resilience Facility (RRF). The analysis is based on a unique dataset covering approximately 1,600 

investment projects implemented by Italian public entities and financed by Cassa Depositi e Prestiti (CDP)2 

since 2023. By comparing projects that did and did not receive additional NRRP co-financing, we provide 

empirical evidence on the efficiency of performance-based programs. Our findings show that CDP-NRRP 

co-financed projects exhibit significantly lower probability of delay in the implementation with respect to 

projects that did not receive NRRP co-financing. The result provides empirical support for the validity of 

performance-based mechanisms, suggesting that linking financial flows to verified outcomes can 

meaningfully address public administrations’ ability in planning and managing (or at least prioritizing) 

projects, improving governance efficiency even in challenging institutional contexts. Our findings offer 

important implications for the future design of EU cohesion policy and for the potential broader adoption 

of performance-based approaches after the end of the RRF framework. 

 
1 Cassa Depositi e Prestiti (CDP), Sectoral Strategies and Impact Directorate. The opinions and conclusions drawn are those of the authors 

alone and do not in any way involve the responsibility of CDP. 

2 CDP is the Italian National Promotional Institution, and, among other activities, acts as main lender to the Italian Public Administration. 
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1. Introduction  

Public investments play a key role in supporting public goods and services provision, particularly in a 

context in which society is facing many challenges, such as climate change, digitalization, demographic 

trends, and various economic shocks. Further, public investments could provide a significant contribution 

to economic growth and well-being, also helping to strengthen resilience, as in the COVID-19 crisis 

(OECD, 2022). 

In contexts of fiscal policies characterized by the need to control deficit spending, with the aim to contain 

public debt levels, the efficient use of public funds hence becomes essential. Such need requires not only 

to allocate efficiently public resources, but also to ensure a quick conversion of such resources into works 

and infrastructure at the service of the economic system (Carlucci et al., 2019; IMF, 2015). Delays3 may 

imply economic consequences to the economy, reaching specific social goals for business and local 

communities later than planned, with a significant impact on net present value of public investments (World 

Bank, 2024).  

A shared consensus in the empirical literature emerges about pervasive time delays in works’ procurement 

process and in overall public projects execution. This is a global phenomenon, affecting both developed 

and developing countries across different sectors, ranging, for example, from road infrastructure to 

transportation, and from water to energy (IMF, 2020; World Bank, 2024).  

The distribution of time delays varies between different countries and sectors analyzed. In an extensive 

review of the literature, Rivera et al. (2016) highlight that time delays occur on average for 74% of 

construction projects worldwide; such phenomenon appears more common in north America, where 

almost all projects are delayed, while Europe, however a lowest prevalence, exhibits the longer length of 

delay. Such evidence results aligned with the findings reached by an IMF (2020) study, where almost 75% 

of projects financed by World Bank, covering emerging markets and developing economies, result 

delayed; some differences emerge in delays distribution across sector, with energy and mining 

experiencing more delays. 

 
3 According to IMF (2020) delays represent the difference between the actual completion date and that expected at the beginning of the project 

implementation  
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The literature has long investigated the drivers of project delays, providing convincing evidence about the 

role of different internal and external factors. In the light of the main empirical findings reached by previous 

studies, Welde and Bukkestein (2022) propose to group the internal motivations for projects delays into 

factors related to planning or characteristics of projects (i.e., weak project design; size and complexity of 

projects) or to characteristics linked to project governance or organization (i.e., institutional quality; 

competences and experience in project management). Further, project delays could be affected also by 

external factors related to contract awards and suppliers (i.e., suppliers’ collaboration; experience and 

ability to deliver materials). 

The drivers of project delays are an issue long investigated by the empirical literature also in the Italian 

context specifically. Public project implementation in Italy represents an interesting case study both in 

terms of recurring large delays and, especially, in terms of North-South divide, with northern regions usually 

more advanced, qualified and efficient in project implementation (Gambina and Mazzola, 2025; Mauro and 

Pigliaru, 2024).4 Indeed, in Italy public efficiency exhibits high variation often linked to territorial differences 

(Biele et al., 2023; Charron et al., 2014; Di Liberto ad Sideri, 2015). A shared consensus in the politic and 

academic debate has been achieved about how administrative efficiency varies across Italian regions, 

stressing how different infrastructural, economic, social and institutional contexts tend often to determine 

lower level of administrative efficiency in Southern and Central areas of Italy (Agasisti & Porcelli, 2023; 

Finocchiaro et al., 2025).  

In a study focused on public projects financed by cohesion funds between 2000 and 2013, for instance, 

Carlucci et al. (2019) provide convincing evidence about the lower efficiency of municipalities in southern 

Italy, exhibiting longer time of public work implementation. Very similar conclusions have been reached by 

Baltrunaite et al. (2024) when analyzing the duration phases of public works implemented between 2012 

and 2020. The authors show a longer duration typically for all phases of public projects in the Mezzogiorno 

area of Italy, with the gap often relevant in mostly administrative phases, such as tender design and 

awarding phase, and particularly wide in projects managed by local entities. Baltrunaite et al. (2024) 

investigate also the role of several demographic characteristics of local administrations, such as the 

composition of workforce of local government body, finding that such factors could matter for public works 

 
4 Charron et al. (2014) provide convincing evidence about the high variability in the level of efficiency of public institutions in Italy, showing that in 

the south the quality of local governments is worse than in the northern regions. 
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performance. They find that a higher presence of female and younger workers positively affects public 

works’ duration, probably due to different attitudes, such as to education and skills more up to date. 

Expertise and previous experience in managing and monitoring the implementation of contracts represent 

further potential drivers of public works performance investigated by the empirical literature. Studying 

delays in creation and maintenance of local infrastructures from 2021 to 2015 by Tuscan municipalities, 

Gori et al. (2017) show that works falling under municipalities with lower procurement experience are more 

likely to incur delays and to experience longer work duration. Further, it emerges that postponing 

payments, due to budget constraints, increases the probability of facing delays and their duration. 

This paper contributes to the debate on the drivers of public projects performance, not only providing new 

evidence about the effect of internal motivations for delays, but also considering the role of one external 

factor not yet accounted by existing literature, to the best of our knowledge: the typology of financing 

mechanism. In particular, we investigate if performance-based financing mechanisms improve efficiency 

in public investment projects by reducing time delays in the Italian case.  

We take advantage of the quasi-natural experiment provided by the introduction of the National Recovery 

and Resilience Plan (NRRP), comparing the delays in the implementation of projects that did and did not 

receive NRRP financing. Our analysis is based on a unique dataset owned by Cassa Depositi e Prestiti 

(CDP), covering approximately 1,600 public investment projects implemented by Italian public authorities 

since 2023 and financed by CDP.  

Our empirical findings show that the NRRP framework, based on the achievement of milestones and 

targets, significantly reduce probability of time delays in the implementation of public works, addressing 

public administrations’ ability in planning, managing or at least prioritizing projects, suggesting that linking 

financial flows to predefined goals could improve public work performance. Italy represents an interesting 

case study, as it is the largest Recovery and Resilience Facility (RRF) beneficiary and a country with well-

documented challenges in public investment implementation. 

Our findings carry important implications for the future design of EU cohesion policy and the potential 

extension of performance-based approaches beyond the temporary recovery framework. Further, we 

provide an original contribution to the literature about the impact of NRRP financing on public work 
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performance. Despite the effect of NRRP financing has attracted widespread attention in the academic 

and policy debate, there are a lot of potential spots to further explore empirically (Zeitlin et al., 2024).5 

The structure of the paper is as follows. Section 2 describes the performance based-financing 

mechanisms, in particular the NRRP, and illustrates our main research questions. Section 3 describes the 

data and presents the empirical method. Section 4 presents the results of the empirical analysis, while 

section 5 concludes and discusses some possible policy implications. 

2. The performance-based financing mechanism  

The theoretical foundations of performance-based governance suggest that linking financial rewards to 

specific outcomes should improve efficiency and timely delivery of reforms and investments, enhancing 

implementation quality through several channels (Sardi & Sorano, 2019; Renmans et al., 2016). First, it 

may create direct incentives for project managers to prioritize timely completion over bureaucratic 

compliance; second, it may provide early warning signals for potential delays by enhancing monitoring and 

reporting systems. This, in turn, could play a crucial role in the reduction of delays in public investment 

projects. 

One example can be found in the Italian NRRP, financed by the RRF and designed as a performance-

based rather than a mere expenditure program (Barbieri et al., 2023). Introduced in response to the 

COVID-19 crisis, NRRP combines unprecedented financial resources with the achievement of well-defined 

goals: EU fund disbursements to Member States depend not on declared expenditures but on the verified 

achievement of several milestones (qualitative goals) and targets (quantitative goals) within the deadlines.6  

 
5 Some examples of empirical studies on the effects of NRRP are provided by Bańkowski et al. (2024), Corti and Vesan (2023), Ferri et al. (2023), 

Mauro and Pigliaru (2024), Mirò et al. (2024). 
6 The NRRP represents a response to the COVID-19 crisis receiving financial support from the RRF framework, among which Italy is the one that 

obtained the higher value of resources, equal to 194.4 billion euros. The Plan is structured around reforms and investments. In order to describe 

and evaluate the progress and results of the reforms and investments, specific goals are defined through indicators (Regulation EU 2021/241 of 

February 2021, art. 2). In particular, the milestones represent critical stages of measure’ implementation, including the adoption of specific 

regulations or the transfer of NRRP funds to authorities managing measures. By the other side, the targets represent measurable indicators that 

gauge interventions’ outcomes or impact (Barbieri et al. 2023). Therefore, NRRP represent a performance-based program: for Italy the provision 

of resources is subjected to the achievement of overall 614 goals. The achievement of objectives is scheduled on a six-monthly basis, starting 

from the second half of 2021 and until 31 August 2026, the deadline of NRRP implementation process. The regulation for the implementation of 

NRRP activities and monitoring (MEF, 2022) establishes that each implementing entity is responsible for the activities of monitoring, reporting and 

control and, therefore, has to load periodically NRRP data on the data management system, ReGiS. Such data have to be verified and validated 

by Central Administrations in charge of NRRP intervention, which are responsible for the achievement of milestone and target.  
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This institutional innovation represents a fundamental change from traditional EU structural funds, which 

have historically operated on an expenditure-based logic focused on absorption capacity rather than goals 

achievement, incentivizing rapid expenditure but limited accountability for project effectiveness or 

timeliness (i.e., the cohesion policy framework). On the contrary, binding fund disbursement to the 

achievement of well-defined goals could overcome some past implementation obstacles, developing 

internal mechanisms of discipline and efficiency, accelerating the implementation of projects by public 

entities (Bokhorst and Corti, 2024; Zeitlin et al., 2025). 

In the Italian context several specific factors could have fostered the positive effect of the performance-

based financing system on public project implementation. First, the implementation of NRRP required a 

strong reorganization of the Italian public administration, including administrative reforms, the introduction 

of project-based management tools, and reinforced auditing mechanisms (Sandulli, 2022). Second, a new 

reporting system has been set up in Italy: ReGiS. This data management system manages and monitors 

each phase of NRRP measures and projects within a unified platform. Third, with respect to public 

procurement rules, special attention has been given to speeding up projects financed by NRRP, introducing 

fast-track rules in 2021 and exceptions for NRRP-funded contracts (D.L. 77/2021). In addition, in July 

2023, Italy introduced a major reform of public procurement with the new Public Contracts Code. The 

reform aimed to simplify procedures, reduce bureaucracy, and increase transparency in awarding 

contracts. It emphasized the use of digital tools, including mandatory electronic platforms for tendering 

and monitoring, while maintaining special conditions for NRRP-funded projects.  

However, in contexts characterized by weak administrative capacity performance-based requirements 

could further weigh public work implementation down, by creating additional bureaucratic burdens. Indeed, 

significant administrative burdens are associated with the NRRP’s monitoring and evaluation procedures. 

National and local authorities are required to supply extensive documentation to demonstrate compliance 

with milestones and targets, often down to the level of invoices and receipts. Compared with previous 

funding frameworks, this process is widely perceived as more bureaucratically rigid, offering limited 

flexibility and imposing heavier reporting obligations, which may undermine ownership and commitment 

among implementing bodies (Zeitlin et al., 2023). 

Consequently, NRRP may imply different dynamics when considering less efficient institutions. On the one 

hand, it may help in accelerating project execution processes, potentially yielding greater marginal benefits 
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for these institutions than for more efficient ones. On the other hand, the plan’s bureaucratic requirements 

may exacerbate existing administrative weaknesses, thereby generating adverse effects on their 

performance. 

This paper investigates the impact of performance-based mechanisms on public projects’ implementation, 

addressing two specific research questions:  

(1) Does NRRP co-financing significantly reduce implementation delays of public projects compared to 

traditional funding mechanisms?  

(2) Does the NRRP effect vary across different types of implementing authorities, particularly in relation to 

Italian geographical areas? 

3. Data  

Our empirical analysis is based on a unique dataset collected by Cassa Depositi e Prestiti (CDP), the 

Italian National Promotional Institution7, constructed through a specific data collection process. 

Data collection process  

CDP collects data for project implemented by public entities receiving CDP financial support (CDP, 2022)8. 

The monitoring process is based on the self-declaration of public entities during a two-step procedure: 

• Initial declaration: at the time of financing approval, each public entity is required to specify project 

characteristics through a standardized framework (among others: type of investment; expected start 

and end date; expected physical outputs; other co-financing sources, including the potential NRRP 

funding status)9.  

This preliminary documentation establishes a baseline for assessing actual implementation 

performance.  

• Semi-Annual Monitoring Protocol: Every six months throughout the project lifecycle, authorities receive 

standardized questionnaires requiring comprehensive updates on project advancement (start and end 

 
7 CDP is the Italian National promotional Institution, main lender to the Public Administration. The mission is to promote Italy’s sustainable 
development, by using saving responsibly to drive growth and employment, supporting innovation and business competitiveness, infrastructure 
and local development, with a countercyclical role. 
8 The data collection regards projects with total value exceeding 500.000 euro, approaching the construction phase. All investments funded by 
CDP must have completed at least the initial programming phase as technical documentation is needed to grant the financing. 
9 NRRP funding status has been checked through available public data (see ItaliaDomani open data). 
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dates of projects based on current implementation status and physical output realization). Authorities 

that do not respond receive reminders and technical support from CDP staff to facilitate questionnaire 

completion. This process aims to enhance data quality and increase the number of observations but 

also to reinforce the long-standing relationship between public entities and CDP10.  

Data coverage 

The dataset covers 1,559 projects financed by CDP between February 2023 and April 2025, for a total 

investment of 7,7 billion euros managed by 784 Italian public entities11. The most recent survey (July 2025) 

covered 1,458 projects, along with 101 projects previously monitored and completed in earlier waves, 

which were therefore not subject to the last questionnaire12.  

The initial submission of information is not mandatory but explicitly required at the moment of the loan 

request; consequently, data coverage regarding project features at this stage is exceptionally high (equal 

to approximately 94% of the total projects in the sample). At the monitoring stage, participation is voluntary 

(relying on the best efforts of public authorities) and it is not linked to the financial disbursement process, 

resulting in lower data coverage compared to the first stage (equal to 80% of the total projects monitored 

in the sample)13. 

Voluntary participation is an important issue which may introduce selection biases between authorities that 

do and do not respond, leading to problems of sample representativeness as well14; it will be discussed 

more broadly in the next section. 

 
10 Collected data also undergo several quality-assurance procedures: i) completeness requirements: questionnaires are considered valid only 
when authorities respond for all active projects in their portfolio; ii) cross-validation: reported progress is verified against financial disbursements 
and third-party documentation where available; iii) data validation: reported information undergoes consistency checks and outlier identification. 
11 "Public entities" should be here understood, in accordance with Article 5, paragraph 7, letter a), first sentence, and Article 3.1 (A1) of the Articles 
of CDP Association, as: regional and local authorities, bodies governed by public law, associations formed by one or more of these authorities or 
bodies. Among the latter: i) entities set up to serve general-interest needs and not intended to operate with an industrial or commercial profile ; ii) 
entities having legal personality; and iii) entities financed, for the most part, by the State, regional or local authorities or bodies governed by public 
law; or whose administrative, management, or supervisory board is composed, for more than half, of members appointed by the State, regional 
or local authorities, or other public-law bodies. 
12 Some projects were still ongoing at the time of the analysis, as in Gori et al. (2022). 
13 See Table 5 in the Appendix for the participation rate of public entities. Since a public entity can have more than one project financed by CDP, 
the coverage rate between the number of projects and the number of organizations may differ. 
14 On the contrary, does not exist a structural break resulting from different legislative framework for monitored projects. Indeed, in July 2023 a 
major reform of tendering public code (initiated under the PNRR) was introduced streamlining the bureaucratic procedures for public investments. 
Since most of the monitored projects were funded after this reform, the legislative framework governing these projects is fully consistent.  
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Sample construction and variables explanation 

The empirical analysis relies on cross-sectional dataset that combines detailed project-level information 

from CDP with structural characteristics and information for implementing public entities from ISTAT.  

For each investment, the dataset includes financial variables (total project size), standardized project 

type15, expected duration of the project, start and end date, project implementation status and year of 

stipulation. These variables will be included in the analysis since they are able to impact on the 

implementation by capturing the complexity and the scale of each project.  

Additionally, the dataset reports the motivations leading public entities to postpone the project completion 

date. Descriptive statistics for these motivations (see Table 6 in the Appendix) show that project quality is 

the primary factor to ensure for avoiding setbacks (Welde and Bukkestein, 2022), more than issues related 

to public entities’ internal organization. Indeed, data reveal that most delays arise from project-specific 

technical issues or from continuous updates and revisions to project documentation, which often require 

additional approval phases. Bureaucratic procedures, such as permits, mandatory reviews, and 

expropriation processes also contribute to slowing project implementation. This evidence strengthens the 

need to consider all factors qualifying and characterizing the projects, so as to capture the variability 

explained by these characteristics in determining delays. 

All this information is then matched with entity-level data on geography, size, personnel characteristics and 

entities’ outstanding debt to CDP (this latter serving as a proxy for the intensity and continuity of the 

relationship between the entity and CDP). These variables control for entities’ administrative efficiency, 

their administrative role16, their size and, more broadly, for all relevant differences among the social and 

institutional contexts in which they operate. The inclusion of these variables in the analysis will allow to 

account for heterogeneity across public entities that may affect project execution independently of project-

level factors (Baltrunaite et al., 2024). 

 
15 There are heterogeneous type of projects ranging from the construction of roads and cycle paths to schools and hospitals, waste treatment 

facilities, and more, that have been standardized into three main categories. 
16 Entities may be very different between each other; dataset counts several local entities, but also regions and districts that have very different 
competencies and administrative levels.    
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Our key dependent variable – a dummy for project implementation delay - is constructed by comparing 

initially declared completion dates with updated completion dates reported during monitoring cycles (IMF, 

2020)17:  

𝐷𝑒𝑙𝑎𝑦 = {
1 𝑖𝑓 (𝑈𝑝𝑑𝑎𝑡𝑒𝑑 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐷𝑎𝑡𝑒 −  𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐷𝑎𝑡𝑒) >  0 
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                           

 

Finally, the variable of interest is the one identifying NRRP co-funded projects:  

𝑁𝑅𝑅𝑃 = {
1 𝑖𝑓 (𝑁𝑅𝑅𝑃 𝑐𝑜𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑛𝑔)  >  0 
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                      

 

This design is particularly valuable because all projects face identical monitoring requirements. Moreover, 

CDP is legally required to offer identical financial conditions to all public entities requesting a loan that 

belong to the same category18. Consequently, neither CDP’s monitoring requirements nor its financing 

procedures serve as a source of selection, for either projects or entities. The NRRP co-financing 

assignment hence provides quasi-experimental variation in exposure to performance-based mechanisms.  

Summary statistics of the variables are provided in Table 1. 

The Selection Mechanism 

The selection mechanism operates through several channels while considering questionnaire voluntary 

response. First, authorities with limited administrative staff could find survey completion burdensome. 

Second, authorities experiencing implementation difficulties may strategically avoid reporting to delay 

 
17 For 96 observations, the project completion date was not reported at the time of the loan agreement and was therefore coded as missing. 

During the monitoring phase, organizations were requested to either confirm the information initially provided or supply the project completion 
date. When the organization did not confirm the initial information, two distinct cases were identified: 

• Case 1. The organization reported the project completion date and noted that it had not been declared at the agreement stage. In this case, 
the variable delay was coded as 0, as the absence of the date did not reflect an actual delay in project implementation.  

• Case 2. The organization reported the project completion date and indicated in the accompanying note that the project is experiencing a 
delay in the implementation. it was assumed that the organization had experienced a delay, and the variable delay was coded as 1. 

Instead, if the organization during the monitoring phase confirmed the information initially provided, thus no completion date is reported, the 
variable delay was coded as missing. 

18 According to the legal principle of “Uniformity of treatment” (“Uniformità di trattamento”, Art. 10, para. 1, DM 6 October), CDP is required to 
provide the same financial conditions to all public entities belonging to the same category (e.g., regions, local authorities) that request a loan, 
regardless of the type of project or the characteristics of the applicant (such as size or creditworthiness). Once the eligibility requirements are 
verified—primarily the ability to take on additional debt—CDP applies a uniform interest rate to all loans within the same category, irrespective of 
entity-specific attributes. 
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revelation of poor performance. Third, poorly performing authorities may lack data management skills 

necessary to provide accurate and timely responses to detailed questionnaires. 

Table 1 – Descriptive statistics 

Level Variable Description Obs. Mean Min Max 

Entity 

Entity dimension 

Categorical variable:  

Municipality with less than 5k inhabitants (*) 

Municipality between 5k-50k inhabitants  

Municipality with more than 50k inhabitants  

Regions and districts 

Non-territorial public entities 

1559  1 5 

Geographical Area 
Categorical variable:  

Centre (*), south, north-east, north-west 
1559  1 4 

Personnel Total number of Employees 1434 2,862.3 1 20,737 

Personnel education 

rate 

Share of employees with high degree on 

total employees 
1441 0,4 0 1 

CDP relationship 
Logarithm of total debt outstanding with 

CDP/total number of monitored projects 
1559 15.2 9,8 20.8 

Survey Dummy for respondent and not respondent 1559 0.81 0 1 

Project 

Delay Dummy for delay 1223 0.47 0 1 

NRRP Dummy for NRRP co-financing 1559 0.32 0 1 

Project size 
Logarithm of the total project amount 

(financial volumes in €) 
1559 14.3 9,9 20.1 

Project Duration 
Duration of project execution in number of 

days  
1490 495.7 16 2.555 

Project Type 

Categorical variable:  

Green projects (*), social infrastructure, 

transportation  

1559  1 3 

Project status (**) 
Categorical variable:  

Concluded (*), to start, ongoing 
1246  1 3 

Year of stipulation (**) 
Year of CDP founding; categorical variable:  

2023(*), 2024, 2025 
1559  1 3 

Note: (*) Baseline category for the estimates; (**) Variables for the robustness analysis. 

 

The data show that smaller organizations, located predominantly in Central and Southern Italy, exhibit 

markedly lower response rates compared to the average (see table 5 in the Appendix). This introduces a 

significant methodological concern: the available data tends to more accurately reflect the performance 

and organizational capacity of larger organizations or those situated in areas with higher administrative 

capacity. This may lead to an overestimation of average results in terms of implementation, an 
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underestimation of operational challenges, and, more broadly, an analytically distorted picture of the actual 

distribution of the observed phenomena. 

Formal statistical tests performed using an Administrative Capacity Index19 confirm a dual selection pattern 

where administrative capacity and other entities’ characteristics negatively correlate with both non-

response probability and delay likelihood. Specifically, lower-capacity authorities (predominantly smaller 

municipalities in Central and Southern Italy) exhibit systematically lower response rates to monitoring 

surveys. Simultaneously, these same authorities demonstrate higher project delay probabilities when they 

respond to monitoring requests. This dual correlation creates systematic sample truncation where the 

worst-performing entities self-select out of monitoring, leading standard evaluation approaches to 

systematically overestimate overall implementation performance. 

Econometric Specification 

In order to account for the selection bias, we employ the Heckman probit model (Heckman, J.J. 1979; 

Guiso et al., 2024; Bending et al., 2022). This model uses a two-step approach. First, a probit model 

estimates the probability of selection into the sample, modelling the unobserved process that causes 

missingness in the dependent variable; the output of this step is then used in the main regression (or 

outcome equation), accounting for the correlation between the selection process and the outcome variable, 

providing unbiased estimates of the relationships between variables.  

The first step of model estimation requires at least one variable (instrumental) that strongly affects the 

chances for response probability, without affecting the outcome variable (the delay probability). Thus we 

assume as instrument for entities’ probability to participate to the survey a variable reflecting the 

relationship between CDP and the public entity: we  assume that a stronger relationship implies a higher 

likelihood  to complete the questionnaire and the ease for CDP business structure to retrieve the 

information, but that such relationship would not affect the ability of the entity to realize the project.  

In order to identify our instrumental variable we consider the total amount of outstanding debt that each 

public entity has towards CDP (which includes financial positions, not only the ones related to the 

monitored projects). We assume that entities’ overall exposure to CDP implies a stronger relationship, due 

to more frequent interaction with CDP’s business structure and a financial link leading to a certain moral 

 
19 Centro REP, 2025  
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suasion that can affect the participation rate to the questionnaire. Indeed, the questionnaire is submitted 

(and urged) by the same professionals that are the main point of contact for the client, managing the 

relationship between CDP and the public entity department in charge of financial services and that usually 

presents a financing request. Conversely, such relationship could never affect entities’ ability to manage 

single projects, as these are managed by different departments and follow temporally the financing 

request. Therefore, our instrumental variable is equal to the total amount of outstanding debt divided by 

the total number of monitored projects, which measures the average debt value per entity correcting for 

size differences. 

In the second step of the empirical analysis we investigate the effect of both entities’ and projects’ 

characteristics, focusing in particular on NRRP effect. As stated above, the same public entity may have 

obtained only CDP financial support or NRRP-CDP co-financing. This provides a clear sample of projects 

that substantially share all fixed characteristics of the public entity and differ only for the composition of the 

source of financing. 

The model is hence specified as follows for the outcome equation: 

                                    𝑦𝑖𝑗
𝐷𝑒𝑙𝑎𝑦

= (𝛼 + 𝛽1𝑧𝑖 + 𝛽2𝑥𝑖𝑗 + 𝛽3𝑁𝑅𝑅𝑃𝑖𝑗 + 𝑢1𝑖𝑗 > 0)    (a) 

And the following as selection equation: 

                   𝑦𝑖𝑗
𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = (𝛼 + 𝛿1𝑧𝑖 + 𝛿2𝑥𝑖𝑗 + 𝛿3𝐶𝐷𝑃𝑖 + 𝛿4𝑁𝑅𝑅𝑃𝑖𝑗 + 𝑢2𝑖𝑗 > 0)    (b) 

where 

𝑢1~𝑁(0,1), 𝑢2~𝑁(0,1)  with  𝑐𝑜𝑟𝑟(𝑢1, 𝑢2) = 𝜌 

where (a) is the main equation, with 𝑦𝑖𝑗
𝐷𝑒𝑙𝑎𝑦

 standing for the dummy for the delay of the project j 

implemented by entity i, and (b) is the selection equation, being 𝑦𝑖𝑗
𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 the dummy for the response to 

the questionnaire by entity i on project j. The binary outcome variable in equation (a), which is related to 

the entities’ delay in projects’ realization, is of course only observed for respondent entities. In both 

specifications, 𝑧𝑖 is a vector of variables representing all relevant characteristics of the entity i (as reported 

in Table 1). A second vector of explanatory variables (𝑥𝑖𝑗) is included for all relevant characteristics of the 

project j realized by the entity i (see Table 1); the 𝐶𝐷𝑃𝑖 variable represents the instrumental variables 
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chosen for the specification of the selection equation (b). Finally, 𝑁𝑅𝑅𝑃𝑖𝑗 represents the dummy for an 

NRRP funded project j implemented by entity i. 

The selection-bias problem in equation (a) occurs when the error terms in the two equations are correlated 

(𝜌 ≠ 0). The Heckman probit approach corrects for such selection biases by also estimating equation (b). 

4. Main Results 

Table 2 reports the estimates of three specifications (models) with different or augmented set of control 

variables.  

In all specifications the results show a significant negative correlation between error terms in selection and 

outcome equations (ρ < 0), confirming that authorities with higher delay are systematically less likely to 

respond to monitoring surveys. This negative correlation implies that non-responding authorities would 

exhibit higher probability of delay if observed, validating our selection correction approach. Moreover, the 

effect of CDP relationship with entities results statistically significant and positive in affecting entities 

probability of respondence, validating the adoption of the selection-corrected Heckman model and 

confirming the robustness of the analysis.20  

With respect to the main research question, our analysis provides strong evidence that NRRP co-financing 

significantly reduces projects’ delays, suggesting that performance-based financing mechanisms can 

improve implementation outcomes even in challenging administrative contexts, confirming our main 

hypothesis. The estimated coefficient for the NRRP dummy is significantly negative in all specifications 

considered.  

The results also reveal a negative effect of NRRP on the propensity of entities to participate in CDP 

monitoring activities. This finding can highlight the potential overload faced by entities that have to manage 

also reporting and administrative obligations associated with the NRRP, in line with the findings of existing 

literature (Zeitlin et al., 2023). 

The type of project (social, green, or transport) does not appear to be so relevant, while the main 

characteristics influencing participation to the survey are related to project size (duration and total amount). 

 
20 A robustness check (see estimates’ results in Table 7 in the Appendix) has confirmed the absence of a causal relationship between the 

instrumental variable and the outcome variable. 
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Of particular interest is the project duration, which can proxy for the size and complexity of projects, but it 

can also be a measure of the reporting and self-assessment capacity of entities in defining expected 

completion times. Indeed, data show that several entities, especially those with lower administrative 

capacity tend to indicate longer durations for same categories of projects (even at the initial declaration 

stage). The effect of this variable increases the likelihood of delays, capturing the negative effect of more 

complex projects in exacerbating delays. However, project size, that serves as a proxy for project 

dimension, results in reducing the likelihood of delays suggesting that (financial) larger-scale projects are 

able to foster projects’ design phase (maybe by outsourcing the planning stage) exercising a positive 

impact during the implementation phase. 

Furthermore, the characteristics of the entities themselves prove to be important, as highlighted in the 

literature: smaller entities or those in the South, which are usually characterized by lower administrative 

capacity, show a lower propensity to participate in the questionnaire and a higher propensity for delays 

compared to other categories of entities. This is also confirmed by the results related to the number of 

employees (personnel); conversely, the result regarding the education rate of the entity’s workforce is 

counterintuitive, indicating that the number of available employees is more relevant than their educational 

composition.
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Table 2 – Heckman Probit Model Results 

 1 
Coeff. (S.E.) 

2 
Coeff. (S.E.) 

3 
Coeff. (S.E.) 

 Delay (=1) Selection (=1) Delay (=1) Selection (=1) Delay (=1) Selection (=1) 

CDP Relationship  0.265***  0.150***  0.265*** 
  (0.043)  (0.048)  (0.043) 
NRRP -0.286*** -0.390*** -0.222** -0.466*** -0.426** -0.343** 
 (0.110) (0.101) (0.103) (0.096) (0.172) (0.173) 
Geographical Area       

South -0.012 -0.345*** 0.339*** -0.465*** -0.027 -0.342** 
 (0.136) (0.121) (0.121) (0.117) (0.160) (0.154) 

North-East -0.367*** 0.394*** 0.054 0.228* -0.449*** 0.356** 
 (0.108) (0.122) (0.101) (0.121) (0.137) (0.158) 

North-West -0.065 0.281** 0.314*** 0.107 -0.100 0.352** 
 (0.105) (0.118) (0.099) (0.115) (0.130) (0.151) 

Geographical Area * NRRP       
South*NRRP     -0.008 0.014 

     (0.260) (0.242) 
North-East*NRRP     0.205 0.065 

     (0.218) (0.242) 
North-West*NRRP     0.043 -0.160 

     (0.213) (0.227) 
Entity Dimension       

Municipality 5k - 50k inh.   0.200* 0.202*   
   (0.114) (0.106)   

Municipality > 50k inh.   -0.345*** 0.790***   
   (0.133) (0.158)   

Regions and districts   -0.192 0.620**   
   (0.212) (0.304)   

EPNT   0.552** -0.033   
   (0.218) (0.236)   

Personnel -0.000*** 0.000***   -0.000*** 0.000*** 
 (0.000) (0.000)   (0.000) (0.000) 

Personnel education rate 0.582** -0.045   0.576** -0.053 
 (0.278) (0.295)   (0.279) (0.294) 

Project Size -0.063 -0.111** -0.108*** -0.080 -0.059 -0.113** 
 (0.040) (0.054) (0.040) (0.053) (0.040) (0.054) 
Project Duration 0.000*** 0.001*** 0.000** 0.001*** 0.000** 0.001*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Project Type       

Social Infrastructures 0.016 -0.064     
 (0.116) (0.129)     

Transport 0.266** -0.109     
 (0.131) (0.147)     
Intercept 0.950* -1.956** 1.398*** -0.826 1.051* -2.023** 
 (0.561) (0.814) (0.535) (0.836) (0.557) (0.803) 

Rho -0.785** -0.795** -0.778** 

χ² 172.26 100.27 168.55 

Selected 1,140 1,158 1,140 
Unselected 277 281 277 

*** p<.01, ** p<.05, * p<.1       
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Marginal effects 

As noted earlier, performance-based governance mechanisms can affect entities and institutions in 

different ways. They may help to accelerate project execution processes with higher marginal effects for 

less performant institutions or, conversely, can exacerbate their administrative vulnerabilities by increasing 

bureaucratic burdens. These effects can thus vary also among different geographical regions; indeed, 

several studies have widely analyzed how administrative efficiency varies across territories due to different 

economic, social and institutional contexts. 

The final specification (3) of our analysis aimed to test this hypothesis by introducing an interaction term 

between the NRRP dummy and the Italian regional macro-areas. Table 3 reports the marginal effects 

calculated for these variables. 

The marginal effects show that, independently of geographical areas, projects financed by the NRRP 

exhibit a consistently lower probability of delay compared to non-NRRP projects (Table 3). This confirms 

the beneficial effect of performance-based financing mechanisms in improving project timeliness, with a 

reduction in the probability of delay equal to more than 12% for projects financed by NRRP. 

Data show some geographical variation as well (graph 1 in the Appendix): the North-East stands out as 

the area with the lowest probability of delay for both NRRP and non-NRRP projects, suggesting higher 

administrative capacity or more efficient project management in these regions. The Centre, South, and 

North-West have higher probabilities of delay, but the reduction associated with NRRP financing is evident 

in all areas.  

However, the results do not provide convincing evidence about a statistically significant difference in the 

effect of the NRRP across the four geographical areas, rejecting our second research question (i.e. “Does 

the NRRP effect vary across different types of implementing authorities, particularly in relation to Italian 

geographical areas?”). While the probability of delays linked to the NRRP effect appears to decrease more 

in areas that typically underperform – the marginal effect associated with an NRRP project in the southern, 

central and north-western regions is larger than the effect observed in the north-east -, this variation is not 

statistically significant and robust (Table 3). 
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Table 3 – Marginal effects for specification 3 

  

 Marginal 
Effects 

Std. Err. 

NRRP   
   
(1 vs 0) -0.126*** 0.039 

Geographical area 
   
(South vs Centre) -0.01 0.046 
(North-East vs Centre) -0.131*** 0.037 
(North-West vs Centre) -0.028 0.035 

NRRP # Geographical area 
   
(1 vs 0) (South vs Centre) -0.004 0.09 
(1 vs 0) (North-East vs Centre) 0.067 0.075 
(1 vs 0) (North-West vs Centre) 0.012 0.073 

*** p<.01, ** p<.05, * p<.1   

 

Robustness Check 

We performed a robustness analysis considering only the variation within the same public entity, 

specifically including only those entities that participated in the CDP survey and have at least two 

monitored projects, one of which co-financed by the NRRP. What we aim to ascertain is whether the 

beneficial impact of the NRRP on reducing delays does not mask the effect attributable to the intrinsic 

efficiency of the entities, which — having secured NRRP tenders and corresponding resources — may 

exhibit greater operational efficiency and, consequently, improved timeliness. 

The results of a conditional probit model used to test this hypothesis are consistent with our hypothesis, 

effectively confirming the NRRP effect on reducing projects’ delays regardless of entities’ characteristics. 

See results in Table 4 in the Appendix. A subsample analysis excluding some outliers (e.g. Roma Capitale) 

produces similar treatment effects, suggesting our results are not driven by potential overrepresentation 

of particular/specific entities. 

Finally, we conducted an additional robustness check by replicating the main analysis using a different 

delay threshold – we now define a delay starting from the sixtieth day after the last reported date. The 

analysis yields consistent and robust results, confirming that our findings are not sensitive even to a 

specific delay definition. The results are reported in Table 8 in the Appendix. 
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5. Concluding remarks 

This paper investigates if performance-based financing mechanisms could enhance efficiency in public 

projects. In particular, we focus on the effect generated on project delays by NRRP in Italy, a performance-

based program introduced in 2021 in response to the COVID-19 crisis, financed by the RRF. 

Using a unique dataset owned by CDP, we provide robust empirical evidence supporting the effectiveness 

of such performance-based mechanisms. Our findings indicate that linking resource disbursement to the 

achievement of well-defined objectives, as in the Italian NRRP framework, can improve project 

implementation even in challenging institutional environments, significantly reducing probability of delays. 

These results may carry important policy implications, suggesting the potential benefits of extending 

performance-based financing mechanisms beyond temporary recovery programs, for instance in the future 

design of EU cohesion policy. If performance-based mechanisms can shape how projects are managed 

(or at least prioritized) by public entities, they may serve as valuable tools for steering policy objectives 

considered important and strategic at both national and European levels. 

It does not emerge convincing evidence about a different effect of the NRRP across different types of 

implementing authorities, particularly in relation to Italian geographical areas. The empirical results show 

that while the probability of delays linked to the NRRP effect appears to decrease more in areas that 

typically underperform (i.e. the marginal effect associated with an NRRP project in the southern, central 

and north-western regions is larger than the effect observed in the north-east), however, this variation is 

not statistically significant and robust.  

Therefore, our results suggest that NRRP impact on performance improvements is driven more by project-

level dynamics than by the features of local contexts. Then, further investigations are required to 

understand the specific processes that lead entities to comply more effectively with implementation 

timelines. 

Further, our findings also suggest the need to investigate more broadly the qualitative level of ongoing 

NRRP projects, as well as to assess the NRRP’s impact on the entire projects’ lifecycle, from the tendering 

phase, through the design and permitting phase, up to the execution and final evaluation.  

As widely emphasized, the success of performance-based financing mechanisms depends critically on 

robust monitoring systems and adequate administrative support for implementing authorities. Our 
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empirical analysis shows that public entities co-financed by the NRRP are less likely to actively participate 

in CDP monitoring activities, highlighting the administrative and reporting burdens associated with the plan. 

This finding underscores the importance of streamlining procedures that are not strictly related to 

performance monitoring, as these are those elements that determine the mechanism’s effectiveness.  

Overall, our study highlights the potential of performance-based financing mechanisms to improve public 

investment efficiency, while emphasizing the need to pay attention to monitoring processes, adequate 

administrative support and project quality to fully realize these benefits.  
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Appendix 

Table 4 – Probit Model for “within” entities variation 

 Specification 1 Specification 2 (*) 
 Delay Delay 

Project status   
To start  0.714 1.410*  

(0.570) (0.731) 
Ongoing 2.079*** 1.184** 

  (0.434) (0.533) 
Year of signing 

  

2024 -2.492*** -1.395*** 
  (0.380) (0.485) 

2025 -3.319*** -2.462***  
(0.730) (0.801) 

Project size -0.311** -0.385**  
(0.155) (0.182) 

Type of project 
  

Social Infrastructures -0.335 -0.043  
(0.471) (0.603) 

Transportation -0.353 0.016  
(0.459) (0.622) 

Project duration 0.001 0.002***  
(0.000) (0.001) 

NRRP -1.186*** -0.742*  
(0.413) (0.425) 

Number of observations 458 264 

*** p<.01, ** p<.05, * p<.1, (*) Specification 2 does not include projects of Roma Capitale. 

 

 

Table 5 – Monitoring participation rate for public entities 

 0-5k Munic. 5-50k Munic. Munic.>50k Other types of public entity Total 
N. of actual 
respondents 

Centre 51,2% 81,8% 75,0% 90,9% 74,3% 127 
South 52,5% 67,4% 92,3% 60,0% 63,7% 107 
North-East 79,6% 83,8% 100,0% 84,2% 83,6% 153 
North-West 74,8% 81,7% 82,4% 88,9% 78,6% 206 
Total 67,3% 79,1% 85,0% 84,1% 75,6%  

N. of actual respondents 187 318 51 37  593 

 
 
Table 6 – Delay’s Motivations 

Indicated reason Frequency Details 

Technical problems, project-design changes and 
bureaucratic procedures 

52.1% 
Procurement difficulties, design flaws or shortcomings, design 
changes, technical reviews, appeals, authorizations 

Organizational problems 30.4% Staff shortages, interference with other ongoing works 

Weather-related events 4.4% 
Suspensions caused by weather conditions or adverse climatic 
events 

Economic problems 2.1% Insufficient funds, counterpart failure 

Other 11.0% 
Archaeological finds or asbestos, other causes not attributable to 
the highlighted categories 
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Graph 1 – Plot of marginal effects 

 

 

 

Table 7 – Test for the Instrumental Variable 

 

  

 
Outcome variable Selection variable 

 (Delay) (Response) 

CDP Relationship -0.051 0.269***  
(0.032) (0.034) 

Constant 0.712 -3.16***  
(0.487) (0.508) 

χ² 2.57 66.62 

Number of observations 1223 1559 

*** p<.01, ** p<.05, * p<.1 
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Table 8 – Heckman Probit Model with a 60 days delay threshold 

 Model (1)(1) Model (2)(1) Model (3)(1) 

 Delay (=1) Selection (=1) Delay (=1) Selection (=1) Delay (=1) Selection (=1) 

CDP Relationship  0.260***  0.149***  0.259*** 
  (0.042)  (0.046)  (0.042) 
NRRP -0.257** -0.394*** -0.209** -0.467*** -0.372** -0.358** 
 (0.102) (0.101) (0.093) (0.095) (0.165) (0.172) 
Geographical Area       

South 0.058 -0.336*** 0.371*** -0.452*** 0.039 -0.337** 
 (0.129) (0.121) (0.115) (0.117) (0.153) (0.153) 

North-East -0.351*** 0.392*** 0.008 0.217* -0.412*** 0.346** 
 (0.106) (0.121) (0.097) (0.119) (0.134) (0.157) 

North-West -0.122 0.263** 0.207** 0.081 -0.141 0.326** 
 (0.103) (0.117) (0.095) (0.113) (0.127) (0.150) 
Geographical Area * NRRP       

South*NRRP     0.026 0.025 
     (0.250) (0.242) 

North-East*NRRP     0.141 0.082 
     (0.214) (0.241) 

North-West*NRRP     -0.004 -0.138 
     (0.209) (0.226) 

Entity Dimension       
Municipality 5k-50k inh.   0.157 0.201*   

   (0.102) (0.104)   
Municipality >50k inh.   -0.418*** 0.793***   

   (0.116) (0.154)   
Regions and Districts   -0.300 0.599**   

   (0.204) (0.300)   
EPNT   0.515** -0.044   

   (0.211) (0.235)   
Personnel -0.000*** 0.000***   -0.000*** 0.000*** 
 (0.000) (0.000)   (0.000) (0.000) 
Personnel education rate 0.512* -0.047   0.501* -0.055 
 (0.271) (0.293)   (0.270) (0.293) 
Project size -0.082** -0.117** -0.126*** -0.085 -0.078** -0.119** 
 (0.040) (0.053) (0.039) (0.052) (0.040) (0.053) 
Project duration 0.001*** 0.001*** 0.000*** 0.001*** 0.001*** 0.001*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Project type       

Social Infrastructures -0.024 -0.060     
 (0.114) (0.126)     

Transport 0.252** -0.111     
 (0.128) (0.145)     
Intercept 1.105** -1.818** 1.606*** -0.772 1.176** -1.860** 
 (0.554) (0.798) (0.529) (0.804) (0.548) (0.786) 

Rho -0.865*** -0.907*** -0.875*** 
x² 169.13 116.15 165.10 

p<.01, p<.05, p<.1; (1) Standard Error in parenthesis 
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