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Caterina Rho:
Hello everyone, and welcome to the new episode of interviews with top sustainable finance Scholars, the European Commission Sustainable Finance Research Forum Interview Series.
My name is Caterina Rho, and I am the Secretary of the Forum. Today I have the pleasure of having with me András Borsos, Senior Economist at the Central Bank of Hungary. We will discuss about the production networks, financial stability and the sustainability strategies. So, welcome András. 

András Borsos:
Hello, thank you very much for inviting me to participate in this in this interview series.

C. R.:
András Borsos is a Senior Economist at the Applied Research Department of Central Bank of Hungary and a researcher at the Complexity Science Hub, Vienna Institute. He holds a PhD in network and data science of the Central European University as well as degrees in Applied Economics and Finance. András research interests lie at the intersection of economic and financial dynamics. In particular, his current work focuses on the characteristics and resilience of production networks, the interaction between the real economy and the financial system, and macroprudential policies that are related to systemic risks. So, I'm very happy that we have András today with us and that we can really deep dive in the recent developments in the field. Thank you very much again for having accepted our invitation to participate in this series of interviews on key challenges in sustainable finance. 
András, to start directly on point, could you give us an overview of what are the recent developments in the field of production networks that make them relevant for financial stability? 

A. B.:
Thank you for the introduction. And yes, of course, at the most general level I would say that production networks are highly relevant for financial stability because like all the production processes in the economy done by firms and these firms are like constituents of vast networks today, supplier-buyer relationships. So whenever there is a shock hitting the economy, even localized way, there will almost always be some spillover effects, some indirect consequences which will also affect the financial system and financial stability. So usually individual firms or financial institutions, even regulators are not able to detect, monitor, and evaluate the extent of this shock-spanning processes. So, without knowing these details about these indirect effects we are not able to like fully to understand the risks we are facing or which we try to avoid and handle. I think nowadays it's becoming more and more relevant because we are in an economic environment where there are just more and more shocks in which cases this indirect effects will be very important. So nowadays, one does not really need to be an economist to hear about supply chain disruptions all the time. So at least since like COVID-19 pandemic, we all have experiences how these disruptions can affect very severely our economic systems,
globally. But also there are a lot of geopolitical conflicts which also cause issues, like at least with the logistics in the world economy, but often at more serious level and due to the climate change, the consequences of climate change, we have more and more natural catastrophes and climate events which again caused these disruptions. So, we have to be aware of the indirect impacts, of these big shocks, to be able to properly assess the financial stability implications. 
The question also regarding the recent developments in the field, which makes it more and more relevant again. And here I can, I think, highlight a few more theoretical advancements because in in the past 10 years, there have been a lot of research on production networks. And now we understand much better how these risks emerge, what are the economic roots of them. And so, we have much deeper knowledge. So, like one of the most typical risks which we should know about is called concentrated dependence. Which means that even in cases when firms think that they have a diversified input sourcing structure, it very often means that if we go a few steps ahead in the production network, we will find these bottlenecks some concentrations which are very difficult to avoid and firms are not even aware of them.
So very often the reason for this is some geographical clustering. There's a vast literature about like agglomeration externalities or the economies of scope and
sourcing, which explain why companies doing similar things tend to locate close to each other. And so, this causes some concentration of risks. If there is a regional localized shock that cannot be avoided very, very easily because we cannot really find any other firms doing the same thing elsewhere. But in the more general level, firms tend to under invest in their supply chain robustness because first of all they are not even able to assess exactly the risks they are facing. There is a huge information mismatch, here. And so, it's very difficult even for the largest firms to track all the dependencies they have and manage them.
But even if they are capable of doing this, the largest firms may be capable of doing this, the benefits of investing in the resilience of the sourcing structure are realized by the whole system and not by the company itself, usually. So, there is not motivation to invest enough due to this externality in in robustness of supply regions, and there is no market coordination, but also no central coordination to rectify this situation. And that's why we experience these risks to like to materialize so often nowadays because probably we would need some coordination or some intervention to handle these market and governance failures regarding resilience. And they're also advancements in the theoretical literature to understand better the aggregate implications of these supply chain disruptions.
Like previously, the general belief was that we don't really have to pay attention to individual firms or the network structure of the production network of the economy because these risks will not be relevant at the aggregate level. They will be either a diversified or just don't need to know the details because we can have similar measures to capture the riskiness of each of the economic agents. But recent results show that this is not true and actually we need to have a deeper understanding of the structure of the economy because it can have influence on the aggregate macro variables and also on financial stability. So, I say that there are like multiple aspects of this field in economics. We just point to the direction that these risks are more and more relevant for us, and we should take them into account. 

C. R.:
Thank you very much, András, this is actually very interesting and detailed. So, you were mentioning several aspects that we may develop in the next questions. So in particular, it's interesting how you said that there are various risks coming from production networks and you mentioned the most important ones, such as bottlenecks, or also geopolitical conflicts, supply chain disruptions that are not completely taken into account from single firms or even at the at central level. Can we incorporate these risks coming from production networks in an analytical framework of financial stability research, and how can we do it? 

A. B.:
Yes. So, it is not at all trivial how to include these new elements into our analytical frameworks. I would say that there are two main challenges to this and there are a lot of advancements, but still a lot of questions to be solved. One is the flexibility of our modelling toolkit; the other one is the data needs to become able to really monitor these processes. 
Starting with the with the first component, the flexibility of our tools. In economics, usually, classical methods are centered around the modelling philosophy of solving equation systems analytically in situations where we have a very complex environment, and it's important to represent several types of heterogeneous agents and also the interactions between them, and then this creates a nonlinear dynamics, very often with feedbacks and cyclicality or cascading mechanisms and hysteresis. These are just often very difficult to incorporate into this relatively rigid modelling styles we usually use. Financial stability research is already one of the most innovative areas. I would say we have several tools which have roots from other disciplines, often using some simulation techniques and they're often also more data driven. The most typical example is stress testing. Stress tests are usually like large macro simulations based on administrative datasets and that's just not the standard way how we usually model things in economics. In financial stability research we have already established this more innovative style. Also, after the 2008-2009 crisis events, new regulatory tools from Basel 3 required us to develop innovative methods, for example, to identify systemically important financial institutions. We already had to deal with network effects in the financial system and those models again very often are based on some relatively innovative simulation approaches, but also to calibrate properly countercyclical macroprudential policy instruments, we need models which are able to endogenously generate cycles, which is again challenging. So, I would say financial stability research has a lot of elements which we can utilize, and we can go to this direction even further to be able to incorporate all these risks which I mentioned. 
Another even more important aspect is data availability, because granular data sets are needed to do this, because if we don't know the relations, the trade links in the economy, then it's very difficult to monitor it. There are some ways maybe to partly go round this problem, but ideally, we would need to observe these systems. There are a lot of intricacies which I didn't mention during the first question, like how the resilience of supply chains are determined by several small details like how specific the given input is. If it's a very generic input, then it's easier to replace. If it's very specific, then it's very costly or even impossible to substitute for. Or what is the time horizon to consider during the analysis? In the long term the economy will adapt, eventually. So, there will be a new like stable adjusted state to any shock. But the really interesting part for us is this transition period, because there will be a lot of costs and instability. So, we need models that also incorporate shorter time horizon, not only the long-term typical capital labor adjustment channels which we have in our models very often. So, these are challenges and there are a lot of advancements in the literature which are very helpful. So, the bottleneck is the data availability nowadays. There are several countries which are relatively lucky in this aspect and Hungary is one of them and I think also Italy where we can have administrative data set about the firm level input structure. So, the supplier buyer relations of firms, these usually come from VAT reports, but this is not available in every country. Sometimes payment system data is available, but that has other limitations. There are also some commercial data providers from where institutions can purchase international data sets which focus only on larger listed companies. So that can give again some partial picture for us about these networks.
And of course there are technological advancements like machine learning techniques, web scraping, network reconstruction methodologies which can help us filling these gaps which we don't observe in our data. But there are still a lot of issues here. These are very novel data sets. Very often we don't really understand them very well. So at first step now is to just learn more about this data, these networks, because very often when we compare production structures, production data from different countries, they are very different and it's very difficult to decide whether these differences are genuine cross country differences coming from different economic structures, or it is just an artefact of some data collecting method. We need to establish standards for the data which we use for this research, also standards for how to calculate the most important measures. Because there's also a bit a mess now in the academic literature, how to define the key measures which we want to use to monitor risks. I would say that if we can overcome these challenges, then we will be in a very good position to incorporate these risk factors into our modelling framework.

C. R.:
Thank you very much, András. Data gaps are always a big issue, but I'm sure that with these novel methodologies that you mentioned, both big data analysis tools or even AI, who knows, we may also have improvements in that sense. As the last point, since this series of interviews is about not only finance, but also sustainable finance, do you think that which are the key implications of the developments in production networks that you mentioned during our talk for sustainability in the EU? That can also help maybe to maintain a competitive pace in the global world. 

A. B.:
Yes, you are absolutely right that sustainability and competitiveness are affected by these risks and this approach to financial stability. Let's start with competitiveness, maybe. Stability itself can be considered as a competitive advantage very often. So, we showed in our research already that there are certain risk types, especially tail risk estimates like Value-at-Risk, expected shortfall for banks, which can be very sensitive to omitting supply chain network effects and these risks. So, in certain scenarios, it is very important to incorporate these channels because monitoring these risk factors can help decreasing fluctuations at the firm level and also at aggregate level. And it can avoid or shorten crisis periods of our economies. And so, these factors obviously are important for competitiveness of our countries’ economies. Another thing which we also found in this regard is that if we incorporate the information about these finer details of production processes into our financial stability policy design, then we can have more efficient, more targeted interventions. So if you have a crisis period during which we can have the chance to monitor micro level risks and we can see exactly which segments of the economies will be affected by that given shock, then we don't have to rely on the more general interventions which have been typical in economics. We can have more targeted interventions, we can see which sectors need more liquidity support, for example, during a crisis like in the COVID-19 situation and it is much more efficient and less costly to target the key parts of the economy where we need to intervene and to design strategies to minimize the costs of these situations than to have untargeted general policies where we are not even sure how exactly the mechanisms will be played out in the end. In an attempt we made to design a framework for this, we try to evaluate all the firms regarding the losses which can be avoided per unit of financial support provided to them. If we can rank the agents in the economy, how much the welfare gain can be by giving some support in some crisis scenario, then we can have a targeted policy design, which can be very more efficient and then it can lead to higher competitiveness by this more efficient policy interventions. 
Turning also to sustainability, I think there is also a lot of connections to that topic because designing climate transition strategies is like a key issue in economics nowadays, and it has a lot to do with the production networks and how to restructure production processes in a way which can maximize the accreditation of emission but also maintain the stability of the economy at the same time. And so, we have a lot of new policy proposals in the EU, like the new ETS emission trading system, which would cover much more industries than the ETS1 framework which only covered like 20-30% of the emissions depending on the economies we talked about. So, this is a much stricter framework also with no freely distributed allowances and higher prices for the emission trading. Similarly, we have ideas about carbon border adjustment mechanism, which means that the imported goods into the EU will have some carbon tax on them, and it will also include a so-called Scope 3 information, which means that it should take into account indirect emissions from the supply chains. So, all these policy directions point to the direction that we have to take into account production networks to design these policies, but also to mitigate the adverse transition risks which can come from the introduction of these tools. So, if they are introduced like a strict command and control fashion, that can cause a lot of economic risks. So, it can be a relatively big price shock to the economy. It can mean difficulties in transitioning to new green technologies for certain industries. These can all lead to higher default rates, non-performance rates, which can threaten financial stability if we are not careful in designing these policies. We are doing some research in this area. One topic is to develop our climate stress framework to incorporate these channels which we've been talking about. Another topic we work on is to design these strategies again, how to manage green transition in a way which, again, targets first those leverage points in the economy where we can save like a lot of emission, but we would target parts of the economy which have low systemic importance so which we are not causing serious spillover effects and indirect costs to the economy. In these areas, I'm sure that it's very important to take into account these production network approaches to be able to design better policies. 

C. R.:
Thank you very much. These are all very interesting points, especially for a researcher that works on sustainable finance. And I am really looking forward to the results of your work, because there's a tradeoff that you were mentioning between how to structure this strategy for the green transition. considering the tradeoff between the core production sectors like in the energy sector and the amount of carbon emissions, for instance, that these key sectors are putting in the atmosphere is essential, but also that's the biggest challenge nowadays. Because carbon emissions are especially, you know, emitted in some key sectors, chemicals, energy and so on, and these are the same sectors that will affect a lot of supply chains and that will have a major impact on production networks. So, I'm really looking forward to your future research and your results on this topic. 

A. B.:
Thank you very much. Thank you for having the opportunity for me to share these topics. 

C. R.:
Thank you. It's always a pleasure to chat with experts in the field, and I really appreciate the detailed answers that you also gave us. You gave me and our audience several points to consider for the future, for our own research.
Closing our interview now, I am, again, very grateful for the insights that you shared, and I thank you very much for your time. 

A. B.:
Thank you. 

C. R.:
Goodbye to András and goodbyes to our audience. Please stay tuned for the next episode of the Sustainable Finance Research Forum Interview Series and see you again on this channel!
