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Abstract
Taking a socially proactive stance that aligns with their economic imperatives has 
led multinational corporations (MNCs) to focus on social innovation that tackles 
environmental challenges (or eco-innovation hereafter). Their knowledge of eco-
innovation is important to emerging markets that are facing severe environmental 
challenges and to emerging market firms (EMFs) whose eco-innovation activities 
face resource and knowledge constraints. MNCs, through their foreign direct invest-
ment (FDI) activities in host emerging markets, can divulge economic, knowledge 
and environmental values of eco-innovation, helping EMFs to improve their eco-
innovation through knowledge spillover channels. Taking the value-based approach, 
we draw on the eco-innovation research and the MNC/FDI spillovers literature to 
develop hypotheses on the relationship between regional knowledge spillovers of 
MNCs and the eco-innovation of EMFs in a multi-dimensional task environment 
characterized by munificence, complexity and dynamism. Our empirical examina-
tion is based on a sample of Chinese manufacturing firms from 2003 to 2013. We 
find support for hypotheses that regional knowledge spillovers of MNCs enhance 
the positive effects of munificence and mitigate the negative effects of complexity 
and dynamism on the eco-innovation of EMFs.

Keywords  Eco-innovation · Green patents · Task environment · MNC · FDI · 
Regional knowledge spillovers

1  Introduction

Multinational corporations (MNCs) are increasingly chartered by their stakeholders 
to address social imperatives and to contribute to the United Nation’s Sustainable 
Development Goals (SDGs) (van Zanten & van Tulder, 2018). Taking a socially pro-
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active stance that aligns to economic imperatives has led MNCs to focus on social 
innovation that tackles environmental challenges (or eco-innovation hereafter) (Kolk 
& Pinkse, 2008; Solis-Navarrete et al., 2021). MNCs are an important driving force 
of eco-innovation1 (Castellani et al., 2022; Marin & Zanfei, 2019). They conduct 
eco-innovation both at home and globally (Marin & Zanfei, 2019) and MNC subsid-
iaries are shown to engage in more eco-innovation than their domestic counterparts 
(Amendolagine et al., 2023). The eco-innovation-related knowledge transferred from 
MNCs to subsidiaries through foreign direct investment (FDI), and these subsidiar-
ies’ eco-innovation in the host countries gives rise to knowledge spillovers. Knowl-
edge spillovers are pertinent to emerging markets that face severe environmental 
challenges, and their eco-innovation effort is confronted with knowledge constraints 
(Cecere et al., 2014; Kiefer et al., 2019). MNCs can divulge economic, knowledge 
and environmental values of eco-innovation to emerging market firms (EMFs). Uti-
lizing knowledge spillover channels, EMFs can appreciate and appropriate the values 
associated with MNCs’ eco-innovation and engage in their value creation through 
eco-innovation.

However, prior firm-level studies2 have paid limited attention to the impact of 
MNC knowledge spillovers on eco-innovation of EMFs with the exception of Ha 
and Wei (2019) and Wang et al. (2023). Based on institutional theory, Ha and Wei 
(2019) examine MNC eco-innovation spillovers, both directly and being contin-
gent on domestic institutions. Combining natural-resource-based view (NRBV) and 
institutional-based view (IBV), Wang et al. (2023) focus on the direct effects and 
the moderated effects by environmental regulations and pollution intensity. Comple-
menting these two studies, we take the value-based approach and view the decision 
of EMFs to conduct eco-innovation by leveraging MNC knowledge spillovers as a 
function of the values they attach to the value creation and value appropriation activi-
ties. We focus on regional spillovers because MNC knowledge spillovers tend to be 
localized, centering around a region that provides economic and social infrastructure 
to support these spillovers (Driffield, 2006; Hamida, 2013). Furthermore, we exam-
ine MNC eco-innovation spillovers in tandem with the organizational task environ-
ment characterized by munificence, complexity and dynamism (Dess & Beard, 1984) 
because firms are highly dependent on their environment for resources, information, 
and opportunities that can be explored and exploited for eco-innovation.

Investigating economic, knowledge and environmental values as the motivating 
factors for EMFs to seek knowledge spillovers of MNCs (value appropriation) for 
eco-innovation (value creation), we formulate the baseline hypothesis on the posi-
tive relationship between regional MNC knowledge spillovers and eco-innovation 
of EMFs. Subsequently, we propose that MNC knowledge spillovers enhance the 

1  Eco-innovation, environmental innovation and green innovation are often used interchangeably in the 
literature.
2  We focus on studies that employ firm-level data. As noted in review articles of MNC/FDI spillovers 
(e.g., Görg & Greenaway, 2004, Keller, 2004, Rojec & Knell, 2018), the level of aggregation impacts on 
empirical findings of MNC/FDI spillover analysis: the higher level of aggregation tends to be associated 
with stronger evidence; and aggregate level studies often suffer from composition and aggregation biased. 
Thus, studies employ data at the country-, province-, city- or industry-level to study MNC/FDI spillovers 
are likely to produce biased results.
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positive effects of munificence and mitigate the negative effects of complexity and 
dynamism on the eco-innovation of EMFs through both motivating and enabling 
mechanisms.

We test these hypotheses on a large sample of Chinese manufacturing firms from 
2003 to 2013. China provides an appropriate empirical setting because of the coun-
try’s significant deterioration of ecological environment and fast growth of eco-inno-
vation activities, as well as her leading position as FDI recipient for past decades. 
China pledged to peak carbon emissions by 2030 and to reach carbon-neutral by 2060 
(Wei et al., 2022); and eco-innovation holds the key to achieve these targets, whereas 
the role of regional MNC knowledge spillovers and its interplay with environmental 
factors in fostering eco-innovation are a critical aspect. Our empirical evidence lends 
support to hypotheses, pointing to the significant role played by MNC knowledge 
spillovers in shaping eco-innovation of EMFs in a multi-dimensional environment.

This research makes two main contributions. First, our conceptual model provides 
a new perspective on the intersection between social innovation and MNC research 
where “[t]here is a lack of theory development”, as noted in the Focal Issue Call for 
Papers (CfP) on MNCs and Social Innovation in Emerging Markets by Adomako et 
al., (2024). The social innovation literature and the MNC/FDI spillover literature 
have largely been developed in parallel. The former tends to focus on “agentic cen-
tered perspective” and “structuralist perspective” (Cajaiba-Santana, 2014), whereas 
the latter has mostly taken the lens of resource-based approach (for reviews, see 
Crespo & Fontoura, 2007, Perri & Peruffo, 2016, Spencer, 2008) and more recently 
the combination of NRBV and IBV (Wang et al., 2023). Although “[T]he ultimate 
goal of economic activities is generating value” (Chesbrough et al., 2018: 936), the 
value perspective is overlooked by both research streams. Taking the value-based 
approach to develop our conceptual model, we offer a fresh perspective on both 
research streams, build a direct link between the two, and reveal the value enhance-
ment effects of MNC knowledge spillovers in shaping the underpinnings of the rela-
tionship between organizational environment and corporate eco-innovation.

Our second contribution lies in establishing the role of MNC knowledge spillovers 
in interacting with environmental factors on eco-innovation of EMFs. This aligns 
with the specific question raised in the CfP on “what mechanisms affect the process” 
of MNC eco-innovation spillovers (Adomako et al., 2024). While there has been sub-
stantial research attention to knowledge spillover effects of MNCs and suggestions 
that contextual conditions may influence such effects (Crespo & Fontoura, 2007), 
current considerations do not include environmental conditions that bring impera-
tive aspects with implications on MNC eco-innovation spillovers. On the other hand, 
organizational environment characterized by munificence, dynamism and complexity 
has been highlighted to present direct effects on corporate environmental practices 
(Chen et al., 2017) and eco-innovation adoption (Rothenberg & Zyglidopoulos, 2007) 
and moderated effects of environmental management on environmental performance 
(Hartmann & Vachon, 2018). However, there is no research on the eco-innovation 
(or innovation) effects of their interplay with regional MNC knowledge spillovers. 
Our findings on the interplay between MNC knowledge spillovers and environmental 
factors accentuate the instrumental role of regional knowledge spillovers of MNCs in 
fostering eco-innovation of EMFs within a multi-dimensional environment.
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2  Literature Review and Hypotheses Development

2.1  Social Innovation and Eco-innovation by MNCs

Social innovation is a recent approach to address the complex “grand challenges”3 
(Avelino et al., 2019). However, as the research on social innovation is gaining 
momentum over the past two decades, so is the proliferation of its definitions (for 
reviews, see Cajaiba-Santana, 2014, Dionisio & de Vargas, 2020, Solis-Navarrete 
et al., 2021). Social innovation has been defined to consist new ideas (e.g., narra-
tives, rules, knowledge and expectations) being associated with social goals, inno-
vative activities and services fulfilling social needs, novel solutions (e.g., products, 
processes, services or models) meeting dual objectives of social needs and effec-
tive resource utilization and new/improved capability building, and social practice 
changes producing transformation in social relations, systems and structures to solve 
social problems. Despite multiple definitions, they all converge on taking the “social” 
as object of innovation and addressing societal challenges as the main purpose. In 
their efforts to analyze the scope and boundaries of social innovation, Solis-Navarrete 
et al. (2021: 5) argue that eco-innovation “can be considered a SI (social innovation) 
due to the positive externalities generated and the improvements from a vision of 
sustainable development.”. Eco-innovation plays a key role in tackling one of the 
societal challenges, i.e., climate change and clean growth.

There is a significant body of literature on eco-innovation (for reviews, see Bar-
bieri et al., 2016, Bitencourt et al., 2020, Dangelico, 2016, del Río et al., 2016, He 
et al., 2018, Hojnik & Ruzzier, 2016, Liao et al., 2018, Tariq et al., 2017). However, 
it has paid limited attention to the role of MNC/FDI (Wang et al., 2023). As grand 
challenges in general, and environmental challenges in particular, are a global phe-
nomenon, MNCs seem apt to the task of addressing these challenges. Not only are 
they leaders in eco-innovation, but also, they conduct eco-innovation in host as well 
as home countries (Castellani et al., 2022; De Marchi et al., 2022; Kawai et al., 2018; 
Konara et al., 2021; Marin & Zanfei, 2019; Noailly & Ryfisch, 2015). This gives 
them the means to make a positive impact on environmental performance of the host 
countries4 broadly and eco-innovation of EMFs specifically. Furthermore, MNCs are 
under pressure to undertake eco-innovation and transfer innovative outputs to host 
countries as they are perceived to be responsible for troubling social, economic, and 
environmental issues and “to be prospering at the expense of the broader commu-

3  There are four key areas in grand challenges: artificial intelligence and data, ageing society, clean growth 
and the future of mobility (https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/664563/industrial-strategy-white-paper-web-ready-version.pdf).
4  There are two contrasting hypotheses related to the effects of FDI, and their economic agent– MNCs, 
on environmental performance of the host countries. The “pollution halo” hypothesis argues for the posi-
tive effects, whereas the “pollution haven” hypothesis the negative effects. The theoretical ambiguity has 
resulted in numerous quantitative studies with mixed findings. The two recently published meta-analysis 
studies aim to systematically analyze this large collection of findings. Demena and Afesorgbor (2020)’s 
research is based on 65 primary studies published between 2006 and 2018, covering multiple countries. 
Wei et al. (2022) focus only on one country– China and their sample includes 40 primary studies published 
between 2001 and 2020. Both papers find evidence to support the “pollution halo” hypothesis. This sug-
gests that it is plausible to argue that EMFs learn from MNCs for eco-innovation activities.
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nity” (Dionisio & de Vargas, 2020: 1). They are increasingly subject to the scrutiny 
of global monitors and the media and are held to higher standards by host country 
governments and local stakeholders (Kim et al., 2016; King & Shaver, 2001).

Owing to the public goods nature of eco-innovation knowledge, it may not be 
totally internalized by MNCs despite their efforts in protecting these proprietary 
knowledge, thus it can spill over to EMFs, i.e. the so-called MNC knowledge spill-
overs which are defined as informal flows of knowledge from MNCs and their sub-
sidiaries to domestic firms5 (Perri & Peruffo, 2016). Research on the geography of 
organizational knowledge has consistently revealed that knowledge spillovers in 
general tend to be localized because tacit knowledge is spatially sticky, requiring 
in-person interactions and oral communications; and knowledge creation and diffu-
sion activities are more accessible when communication costs are lower (Driffield, 
2006; Hamida, 2013; Keller, 2004; Spithoven & Merlevede, 2023). Furthermore, 
regions nurture economic infrastructure, e.g., industrial clusters and localized labor 
pool, which induces the accumulation, creation, and diffusion of tacit knowledge 
across the horizontal and vertical dimensions of sectors (Ning et al., 2016; Wang & 
Wu, 2016). Regions facilitate the cultivation of social infrastructure, e.g., networks 
and communities, through which shared socio-cognitive frameworks among firms 
and agents are formulated for knowledge creation and diffusion (Sajarattanochote & 
Poon, 2009; Wang & Wu, 2016). Finally, many of the environmental challenges are 
inherently tied to local resource endowments such as water and land, consequently 
regions may act as the crucible where knowledge of MNCs would be appropriated 
to forge localized solutions through eco-innovation. In this paper, we thus emphasize 
the regional dimension of MNC knowledge spillovers.

2.2  The Value-based Approach on Regional Knowledge Spillover Effects of MNCs 
on Eco-innovation of EMFs

The value-based approach has its origin in economics initiated by the work of Bran-
denburger and Stuart Jr (1996). It has since been further conceptualized and devel-
oped in the business and management field (e.g., Barney et al., 2021, Bowman & 
Ambrosini, 2000, Cabral et al., 2019, Lepak et al., 2007). Although a few innova-
tion studies have applied this theoretical lens (Chesbrough et al., 2018; Jacobides et 
al., 2006; Sjödin et al., 2020), they have not paid much attention to eco-innovation 
which has different value configuration from conventional innovation. Addition-
ally, no study on MNC/FDI knowledge spillover is theoretically underpinned by this 
approach. A novelty of our paper therefore is to take the value-based approach to 
examine the impact of MNC knowledge spillovers on eco-innovation of EMFs.

The premise of our approach is that value is the motivating factor for eco-inno-
vation, and the knowledge spillover effects of MNCs on eco-innovation of EMFs 
are a combination of value appropriation and creation process, as depicted in Fig. 1. 
Value creation refers to a firm’s attempt to increase values through engaging in a 

5  This contrasts with the formal knowledge flow from MNCs to their subsidiaries (both wholly owned 
subsidiaries and international joint ventures) or international knowledge exchanges through inter-organi-
zational collaborations such as international strategic alliances.
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resource-deployment process, e.g., innovation, whereas value appropriation/capture 
concerns a firm’s effort in appropriating or capturing values created internally or 
externally through knowledge spillovers (Bowman & Ambrosini, 2000; Chesbrough 
et al., 2018; Lepak et al., 2007; Volschenk et al., 2016).

There are three types of values associated with eco-innovation: economic value, 
knowledge value and environmental value (Niesten & Jolink, 2020). The classic eco-
nomic theorizing has centered on economic value, defined as the net rent earning 
capacity that can be gained through exploiting new market opportunities (Branden-
burger & Stuart Jr., 1996). Knowledge value results from the innovative nature of 
technologies and is less tangible than economic value (Niesten & Jolink, 2020). Like 
conventional innovation, eco-innovation has both economic value and knowledge 
value. What is unique about eco-innovation lies in environmental value which refers 
to the positive contributions of eco-innovation to ecological environment such as air, 
water, and biodiversity (Niesten & Jolink, 2020; Volschenk et al., 2016). Capitalizing 
on knowledge value and environmental value can create economic value (Berrone et 
al., 2013; Eiadat et al., 2008). However, not all knowledge value and environmen-
tal value can be internalized. This leads to “double externality” which undermines 
private cost bearing due to relatively higher environmental benefits to society (De 
Marchi, 2012; Kawai et al., 2018).

The value-based approach is important to eco-innovation in emerging markets 
that, by and large, lag behind developed countries (Latupeirissa & Adhariani, 2020, 
OECD, 2022, Santos et al., 2019). With eco-innovation being a relatively new concept 
and the dominant paradigm of eco-product and eco-process being underdeveloped in 
emerging markets, EMFs face significant resource and knowledge constraints, par-
ticularly path dependency nature of technological development, limitations in the 
eco-technological trajectories, and unsophisticated stakeholder environment towards 
proactive environmental strategies including eco-innovation (Cecere et al., 2014; De 
Marchi et al., 2022; Kiefer et al., 2019; Maksimov et al., 2022; Rennings, 2000). 
The old technological paradigm is usually insensitive to environmental issues and/or 
even has detrimental environmental effects. However, conducting eco-innovation to 

Fig. 1  The value-based approach on knowledge spillovers of MNCs on eco-innovation of EMFs
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attain knowledge value requires significant internal R&D investment, as well as the 
co-evolution, coopetition in industry dynamics; and to realize economic and envi-
ronmental value often involves not only educating customers but also fending off 
organizational resistance (Maksimov et al., 2022; Wang et al., 2023). MNCs present 
economic, knowledge and environmental values of eco-innovation to EMFs, which 
may stimulate the latter’s eco-innovation efforts.

When undertaking FDI in host countries, MNCs transfer firm-specific assets 
(FSAs) including advanced technologies to their subsidiaries so that the latter can 
have competitive advantages and overcome the liability of foreignness. This knowl-
edge transfer process is value bearing as the tangible effects go beyond MNC subsid-
iaries and it generates knowledge spillovers on EMFs. Many studies have examined 
the MNC/FDI spillover effects, but they mostly focus on productivity improvement 
of EMFs (for reviews, see Crespo & Fontoura, 2007, Görg & Greenaway, 2004, 
Perri & Peruffo, 2016, Rojec & Knell, 2018, Smeets, 2008, Spencer, 2008). We con-
ducted a systematic literature review (see Appendix A). It shows that there are only 
a few studies on MNC/FDI innovation spillovers and much less on eco-innovation 
spillovers. Drawing on this stream of research, we take the value-based approach to 
explore the relationship between MNC knowledge spillovers and eco-innovation of 
EMFs.

The theoretical rationale for eco-innovation spillovers can be associated with four 
channels: demonstration, labor mobility, intra and inter-industry linkages and intra-
industry competition (Spencer, 2008); and the first three channels are also connected 
to institutional isomorphism (Wang et al., 2023). Economic, knowledge and envi-
ronmental values are of pivotal significance in MNC knowledge spillovers. Through 
demonstration, labor mobility, and linkages channels, these values are motivating 
factors for EMFs to seek regional knowledge spillovers of MNCs (value appropria-
tion) for eco-innovation (value creation). Although the competition channel presents 
both negative and positive effects, from the value-based approach, economic value 
embodied in MNCs’ eco-innovation presents an incentive for EMFs to engage in 
eco-innovation.

First, the demonstration channel is expected to generate positive effects on EMFs’ 
eco-innovation. Through demonstrating the application of advanced environmen-
tal knowledge and latest green technologies, knowledge value of eco-innovation of 
MNCs is revealed to EMFs. This spillage provides invaluable inputs to eco-innova-
tion of EMFs and offers them learning opportunities through learning-by-watching, 
learning-by-doing or reverse engineering. However, what is more important in the 
context of emerging markets is the demonstration of the economic and environmen-
tal values of eco-innovation. From the institutional perspective, this can stimulate 
mimetic isomorphism. The peculiarities of eco-innovation present significant barri-
ers. Take clean energy project finance as an example, Emodi et al. (2022)’s systematic 
review of 45 studies identifies 36 barriers that fall into the broad groups of business/
market; construction, technical and operational; environmental; financial; legal and 
ownership rights; policy and regulatory; and political and social barriers. This leads 
to underinvestment in eco-innovation. Observing the economic value of eco-inno-
vation helps EMFs overcome barriers by modelling MNCs’ strategies and practices 
so as to reduce uncertainty and respond to ambiguity (Galbreath, 2019; Liao, 2018). 
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Similarly, environmental value of eco-innovation helps to improve firms’ corporate 
image and recognizing the potential of internalizing environmental value for market-
ing incentivizes the imitation of MNCs by EMFs (Berrone et al., 2013; Eiadat et al., 
2008; Marco-Lajara et al., 2023). The demonstration channel is likely to have more 
pronounced effects from the regional perspective because geographical proximity 
facilitates organizational learning, knowledge acquisition and the exchange of novel 
ideas (Driffield, 2006; Hamida, 2013).

Second, regional MNC knowledge spillovers may be realized through labor mobil-
ity whereby trained and skilled personnel who once worked for MNC subsidiaries 
move to EMFs or set up their own enterprises. Knowledge associated with FSAs 
embedded in these people may enhance their new organizations’ eco-innovation. The 
more complex the new piece of knowledge, the more important personal contact is in 
terms of recognizing and realizing their associated economic, knowledge and envi-
ronmental values. Inter-personal communication and interaction facilitate the knowl-
edge recipient’s understanding of these values and improve knowledge absorption 
and knowledge diffusion (Liu et al., 2015). Furthermore, the labor turnover channel 
can serve as a mimetic and/or normative process. These former employees of MNCs 
can increase the awareness of environmental issues, environmental practices and the 
associated market and technical opportunities explored by MNCs in the new orga-
nizations. Their imprinting in MNCs also creates a cognitive and normative frame 
that influences their perspectives on organizational goals and means for achieving 
the goals. They, thus, can work as a conduit to stimulate the appreciation and appro-
priation of the values of the MNCs’ knowledge, influencing EMFs to engage in eco-
innovation (Ha & Wei, 2019).

Third, EMFs’ intra- and inter-industry linkages with MNCs and their subsidiar-
ies can take place through both backward linkages when MNC subsidiaries transact 
with suppliers and forward linkages when MNC subsidiaries do businesses with local 
customers. Domestic suppliers may conduct more eco-innovation when MNCs and 
their subsidiaries impose requirements on the environmental quality and standards of 
inputs and endorse environmentally friendly production processes through coercive 
and normative isomorphism (Chiarvesio et al., 2015; Christmann & Taylor, 2001; 
Galbreath, 2019; Li, 2014; Wu & Ma, 2016). To benefit from the improved perfor-
mance of intermediate input suppliers, MNCs and their subsidiaries may also provide 
technical assistance or event engage in joint eco-innovation with EMFs to generate 
new economic, knowledge and environmental values. Forward linkages may contrib-
ute to the knowledge stock of domestic distribution and sales organizations as inter-
actions with and purchasing from MNCs offer these firms opportunities to learn about 
economic, knowledge and environmental values of eco-innovation. This interaction 
also exerts normative influences on EMFs through the effects of a shared discursive 
and cognitive frame and the stimulation of similar worldviews. The linkage chan-
nel along the regional dimension is likely to have stronger effects because shorter 
distance between MNCs and their upstream suppliers and downstream customers 
facilitates the spontaneous exchange of ideas and the flow of tacit knowledge and 
minimizes transaction costs and the risk of communication breakdown (Driffield, 
2006; Gong, 2023; Hamida, 2013; Ning et al., 2016).
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Finally, the intra-industry competition can be a double-edge sword on eco-inno-
vation. Eco-innovation, like conventional innovation, carries high degrees of uncer-
tainty, risks, and costs, and eco-innovators must bear high unpredictability in economic 
profit. Competitive pressures from MNC subsidiaries therefore may force EMFs to 
cut back investments in risky projects such as eco-innovation (Perri & Peruffo, 2016). 
However, from the value perspective, these competitive pressures may force EMFs 
to focus on economic value creation through eco-innovation. There is strong evi-
dence on the positive relationship between firm performance and eco-innovation, as 
revealed by Hizarci-Payne et al. (2021) whose meta-analysis synthesizes evidence 
based on 70 primary studies. Thus, through the competition channel, there is still 
scope for EMFs to benefit from economic value associated with eco-innovation gen-
erated by other firms. MNC knowledge spillovers may motivate EMFs to undertake 
eco-innovation for the benefits of economic value.

Because our focus is on the regional dimension of MNC spillovers that includes 
both intra- and inter-industry spillovers, it would be reasonable to expect their domi-
nant positive geographical effects, thus the negative competition effects being out-
weigh by the combined positive effects through the channels of demonstration, labor 
mobility, linkages and competition. Empirically, there are only two firm-level stud-
ies on the eco-innovation spillovers of MNCs, Ha and Wei (2019) and Wang et al. 
(2023). Examining Korean firms, Ha and Wei (2019) find direct positive effects at the 
industry level. Wang et al. (2023) show that the positive direct effects of MNC/FDI 
knowledge spillovers on Chinese firms are confined at the city level, not the industry 
level. A related study by Ha (2021) reveals that the positive eco-innovation effects of 
MNC knowledge spillovers work through the mediating channel of attention field. 
Broadly, there are studies on the innovation spillovers of MNCs/FDI which do not 
differentiate eco-innovation and conventional innovation (see a summary of findings 
in Table A1). Although the findings are mixed, a majority lean towards the posi-
tive effects and such effects are pronounced in studies that have a focus on regional 
spillovers. In view of the theoretical rationale presented above and on balance of the 
evidence of the positive MNC eco-innovation spillovers albeit in a small number of 
studies, and that on regional innovation spillovers of MNCs/FDI, we propose:

H1: Regional MNC knowledge spillovers positively impact on the eco-innova-
tion of EMFs.

2.3  The Moderating Role of MNC Knowledge Spillovers in the Eco-innovation 
Effects of Task Environment

Organizational task environments encompass external conditions within which firms 
operate (Dill, 1958). Since the seminal research of Dess and Beard (1984), a body 
of work has examined organizational environment characterized by munificence, 
dynamism and complexity. This includes studies that have highlighted their direct 
effects on corporate environmental practices (Chen et al., 2017) and eco-innovation 
(Rothenberg & Zyglidopoulos, 2007) and moderated effects of environmental man-
agement on environmental performance (Hartmann & Vachon, 2018). However, as 
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our systematic literature review shows that organizational task environment has not 
been examined in the research on MNC knowledge spillovers for innovation (see 
Table A1). Building on Sect. 2.2, below we shall develop hypotheses on the interplay 
between MNC knowledge spillovers and organizational environment. While munifi-
cence offers opportunities and dynamism and complexity present threats to EMFs’ 
eco-innovation, through motivating and enabling mechanisms, MNC knowledge 
spillovers shape the effects of these environmental factors.

2.3.1  Munificence, MNC Knowledge Spillovers, and Eco-innovation

Munificence refers to the abundance of critical resources that can support sustain-
able growth and provide organizational slack within an industry (Dess & Beard, 
1984; Dess & Origer, 1987). The prior literature suggests that munificence impacts 
on firm strategies and performance (Fainshmidt et al., 2019; Goll & Rasheed, 2005; 
Rothenberg & Zyglidopoulos, 2007). High levels of munificence provide firms with 
confidence and energy to adopt proactive environmental strategies (Aragón-Correa 
& Sharma, 2003; Rueda-Manzanares et al., 2008) and make it easier and cheaper 
for them to obtain needed resources for long-term, risky, value-creation activities, 
such as eco-innovation (Martinez-del-Rio et al., 2015), whereas firms in low munifi-
cent environments characterized as “shortage of resources, stagnating or declining 
demand, and environmental threats” (Goll & Rasheed, 2005: 1007) tend to “avoid 
excessive risk taking and pay greater attention to the conversation of resources” (Goll 
& Rasheed, 2005: 1008).

Like conventional innovation, firms have to commit substantial resources to the 
development of eco-innovation (Dangelico, 2016; He et al., 2018; Liao & Liu, 2021). 
Eco-innovation, however, is also associated with complexity and ambiguity in means 
and ends (DiMaggio & Powell, 1983). Its financial benefits may be long-term and 
its impact on short-term profitability could be negative (Aragón-Correa & Sharma, 
2003; McWilliams & Siegel, 2001). These bring complications to firms’ eco-innova-
tion commitment. In high munificent environments, not only abundant resources may 
act as a buffer, allowing firms to explore change options such as experimenting and 
exploring eco-innovation, but also there are ample opportunities for firms to recog-
nize and realize economic value of eco-innovation and turn knowledge and environ-
mental values of eco-innovation into economic profit. The eco-friendly activities are 
also likely to be supported by stakeholders, which can help firms to acquire knowl-
edge and environmental value-added assets for eco-innovation (Chen et al., 2017; 
Delmas & Toffel, 2004; Dögl & Behnam, 2015), achieve high operational efficiency 
and long-term financial performance (Aguilera-Caracuel & Ortiz-de-Mandojana, 
2013; Russo & Fouts, 1997), and build a strong reputation (Brammer & Pavelin, 
2006; Chen et al., 2017). In contrast, lower levels of munificence constitute a harsh 
business environment where limited economic activities make it difficult for firms to 
generate an income stream, putting them in a “defending position” by adopting con-
servative strategies and cutting back or avoiding activities “not immediately contrib-
uting to their productive capacities, such as environmental innovations” (Rothenberg 
& Zyglidopoulos, 2007: 41). Thus, we expect the positive effects of munificence on 
eco-innovation of EMFs.
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H2: Munificence positively impacts on the eco-innovation of EMFs.

We posit that MNC knowledge spillovers strengthen the positive eco-innovation 
effects of munificence through motivating and enabling mechanisms. First, as argued 
above, munificence acts as catalyst for firms, both MNCs and EMFs, to pursue 
growth and embrace eco-innovation that generate economic, knowledge and envi-
ronmental values. Munificence propels MNC subsidiaries to explore local market 
opportunities by transferring knowledge to and conducting eco-innovation. Through 
spillover channels, eco-innovation activities of MNC subsidiaries, that are embedded 
with value-creating tacit knowledge, present to EMFs new areas of opportunities, 
and munificent environments allow EMFs to design the strategy and develop the 
capacity to identify and recognize economic, knowledge and environmental values 
associated with these emerging opportunities. The substantial influx of MNC knowl-
edge spillovers within munificent environments effectively bridges the resource and 
knowledge gap faced by EMFs, inspiring them to appropriate values from MNCs and 
creating values by conducting eco-innovation so as not to miss the “next big thing”. 
The positive eco-innovation spillover effects are likely to hold even when EMFs 
encounter severe competitive pressures from MNCs, because intensive competition 
with MNCs also provides greater opportunities for EMFs to grasp the fundamen-
tals of competition and being competitive, motiving them to appreciate the values 
of MNC knowledge spillovers. Therefore, the competition channel underscores the 
necessity of harnessing the abundant resources within the munificent environment to 
engage in value-creating eco-innovation endeavors.

Second, MNC knowledge spillovers in munificent environments act as an enabling 
factor and provide means for EMFs to appropriate these values for eco-innovation. 
Although munificence allows EMFs to mobilize resources towards eco-innovation, 
it is the MNC knowledge spillovers that guide their path. By virtue of the favorable 
economic conditions in munificent environments, EMFs can engage in experiential 
learning and pursue duplicate/creative imitations, which can then be incorporated 
in their own eco-innovations. Thus, MNC knowledge spillovers empower EMFs 
to fully capitalize on the eco-innovation opportunities created by the munificent 
environments. In contrast, if MNC knowledge spillovers are low, EMFs may opt to 
allocate limited resources available to pursue other differentiation strategies than eco-
innovation. They are also under less pressure to conduct eco-innovation in respond-
ing to the challenges of ecological environment. Munificence and MNC knowledge 
spillovers together offer a synergistic influence on the eco-innovation of EMFs. Thus, 
the higher the level of munificence in the industrial environment, the greater the 
opportunities for EMFs to appreciate the economic, knowledge and environmental 
values of MNC knowledge spillovers for eco-innovation benefits.

H3: MNC knowledge spillovers strengthen the positive effects of munificence 
on the eco-innovation of EMFs.
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2.3.2  Complexity, MNC Knowledge Spillovers, and Eco-innovation

Complexity describes the heterogeneity of environmental factors (e.g., differences in 
competitive tactics, customer tastes, product lines, and channels of distribution) with 
which firms need to contend (Dess & Beard, 1984; Dess & Origer, 1987). Higher lev-
els of complexity in an industrial environment make it harder for a firm to “keep track 
of heterogeneous actors and a range of activities, linkages and interactions outside its 
boundaries” (Anderson & Tushman, 2001: 691) and for managers to determine “the 
key factors strategically important for success” (Aragón-Correa & Sharma, 2003: 
79). Although in a complex setting, firms need sophisticated, complex organizational 
resources and capabilities to act as a competitive advantage to combat complex situ-
ations, this in turn can trigger conventional innovation (Xue et al., 2012). Paradoxi-
cally, such resources and capabilities are difficult to create, administer and implement 
for environmental strategy and practices (Aragón-Correa & Sharma, 2003; Chen et 
al., 2017; Rueda-Manzanares et al., 2008). Considering the resources and knowl-
edge constraints for eco-innovation by EMFs, it is probable that, even the economic, 
knowledge and environmental values associated with eco-innovation are recognized, 
complexity would pose an obstacle rather than a catalyst for value creation activities 
of eco-innovation. Furthermore, as mentioned above, eco-innovation in emerging 
markets often requires technological regime change, new development in systems, 
processes and products that involve many stakeholders within and across organiza-
tions and at multiple levels (e.g., employees, shareholders, suppliers, customers, local 
communities, and environmental agencies) and systematic and coordinated invest-
ment in building green capabilities (Hart, 1995; Maksimov et al., 2022). Such radical 
changes are difficult to make in a complex environment especially when firms face 
resource and knowledge constraints. Consequently, they may have the will to pur-
sue eco-innovation, but may lack the knowledge-related means to realize it. Instead, 
firms often take conservative strategies by focusing on small adjustments (Aragón-
Correa & Sharma, 2003; Lin et al., 2016). Thus, we expect the negative effects of 
complexity on eco-innovation of EMFs.

H4: Complexity negatively impacts on the eco-innovation of EMFs.

However, we posit that MNC knowledge spillovers mitigate the negative eco-inno-
vation effects of complexity through motivating and enabling mechanisms. First, 
EMFs operating in a complex environment have to maintain a high level of sensitiv-
ity to their surroundings, constantly gathering and processing information, making 
flexible and agile use of internal and external resources, keeping a wide range of 
fallback options available and a larger solution space open, and adjusting and align-
ing strategies and operations with the external environment (Hartmann & Vachon, 
2018). MNCs, being an important stakeholder in their business environment and an 
important player in their innovation eco-system, are no doubt monitored by EMFs. 
As knowledge transferred by MNCs to their local subsidiaries and the host coun-
try operations of MNC subsidiaries can bring about technological regime changes 
and contribute to new development in systems, processes and products in emerging 
markets, their eco-innovation activities and the associated economic, knowledge and 
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environmental values naturally are scrutinized by EMFs in a complex environment as 
a target for imitation so as to maintain competitive parity. From the MNCs’ perspec-
tive, their copious repertories of eco-innovation knowledge give them competitive 
advantage to overcome liability of foreignness in the host markets (Aragón-Correa 
& Sharma, 2003). The embedded values associated with such knowledge are trans-
ferred to local subsidiaries to deal with complex environments. With higher scope of 
MNC knowledge spillovers in such environments, EMFs are motivated to undertake 
eco-innovation to create upside opportunities and growth options. This may remain 
to be the case under the condition of strong competitions from MNCs, because the 
intricate relationship between complexity and competition forms a landscape that 
reinforces EMFs’ motivation to develop competitive advantages through appreciat-
ing the values of MNC knowledge spillovers. Thus, the competition channel acts as 
a catalyst, pushing EMFs to seek inspiration from MNCs and undertake eco-innova-
tion so as to avoid falling behind.

Second, MNC knowledge spillovers in complex environment provide means to 
EMFs to undertake eco-innovation through easing resource and knowledge con-
straints. As noted by Rosenbusch et al. (2011), resource and differentiation require-
ments tend to be high in complex environments. Through all four spillover channels, 
MNC knowledge can contribute to EMFs’ creation of sophisticated, complex orga-
nizational resources and capabilities for eco-innovation. The demonstration, linkage 
and labor mobility channels also offer them prospects to further understand how to 
administer and implement these resources and capabilities in eco-innovation activi-
ties to reduce casual ambiguity and uncertain returns. Undertaking eco-innovation 
through proactively appropriating MNC knowledge to different contexts will enable 
EMFs to transform upside opportunities and growth options associated with complex 
environment and place them in a better competitive position.

H5: MNC knowledge spillovers mitigate the negative effects of complexity on 
the eco-innovation of EMFs.

2.3.3  Dynamism, MNC Knowledge Spillovers, and Eco-innovation

Dynamism indicates the rate of unpredictable changes in industry recipes, the degree 
of fluctuation in market demand, and the level of probability of environmental 
shocks (Dess & Beard, 1984; Dess & Origer, 1987). Scholars have debated on how 
dynamism and corporate innovation are connected. On the one hand, higher levels 
of dynamism in an industrial environment would bring more pressures and chal-
lenges to corporate innovation as the basis of success in the industry is continuously 
altered (Hitt et al., 2021; Sirmon et al., 2007). They are therefore more likely to take 
a wait-and-see attitude towards innovation, sticking to existing technologies rather 
than creating anything new. On the other hand, high speed of technological changes 
and consumer demands necessitates innovation because it implies short product life 
cycle and rich technological opportunities (Chen et al., 2017; Rothenberg & Zygli-
dopoulos, 2007; Xue et al., 2012). Innovative firms are more likely to stay ahead in 
competition especially if they work on future dominant designs that imply a winner-

1 3

539



Y. Qu et al.

takes-all race for successful innovation. However, for eco-innovation of EMFs, we 
advance that negative effects of dynamism dominate. While high levels of dynamism 
imply high potential returns for innovation, they also imply firms need to innovate 
rapidly as existing technologies and knowledge bases are constantly at the risk of 
erosion (Rothenberg & Zyglidopoulos, 2007). In the absence of MNC knowledge 
spillovers, EMFs are likely to be locked-in their existing technological trajectories 
and trapped in an escalating cycle of innovation based on natural resource-intensive 
activities. With resources being mostly devoted to path-dependent non-eco-innova-
tion, path-creation eco-innovation is naturally negatively connected with dynamism 
in emerging markets.

H6: Dynamism negatively impacts on the eco-innovation of EMFs.

However, MNC knowledge spillovers can mitigate the negative eco-innovation effects 
of dynamism through providing information that incentivizes EMFs to undertake 
eco-innovation and offering means to do so. When the embedded economic, knowl-
edge and environmental values associated with the MNC knowledge are transferred 
to local subsidiaries of MNCs to deal with the challenges in dynamic environments 
and overcome liabilities of foreignness, MNCs effectively play the role of intermedi-
aries who bring in diversity in cognitive schemas in relation to eco-innovation, break 
existing technological paths, and construct and champion new ones (Thrane et al., 
2010). Such information shapes and redefines innovation landscape. Accordingly, 
when confronted with massive eco-innovation related knowledge and new informa-
tion related to values of MNC knowledge spillovers, EMFs are propelled to focus 
attention and resources on eco-innovation so as not to risk becoming obsolescence 
in dynamic environments. The competition channel of MNC knowledge spillovers 
amplifies EMFs’ motivation for eco-innovation as intertwined forces of dynamism 
and competition create a symbiotic relationship that pushes EMFs towards value-
creating eco-innovation activities which allow them to carve out a unique position 
so as to stand out in crowed markets. MNC knowledge spillovers thus incentivize 
EMFs to focus on change options by undertaking eco-innovation to remain com-
petitive. MNC knowledge spillovers further offer means for EMFs to undertake eco-
innovation through providing access to resources, alleviating knowledge constraints, 
and pointing to the direction of travel, as argued above.

H7: MNC knowledge spillovers mitigate the negative effects of dynamism on 
the eco-innovation of EMFs.

3  Data and Empirical Strategy

3.1  Data Sources and Sample

The empirical analysis is based on two firm-level databases, complemented with 
city-level and provincial-level data. The first firm-level database on patents is from 
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China’s National Intellectual Property Administration (CNIPA). The second on Chi-
nese manufacturing firms is Annual Industrial Enterprises Survey (AIES) compiled 
by the National Bureau of Statistics (NBS), covering all firms with an annual turn-
over of more than RMB 5 million from 1998 to 2013 in China. Both databases have 
been widely used in existing studies including recent ones in different disciplines, 
e.g., Dong et al. (2022) in International Business Review, Fan et al. (2023) in Jour-
nal of Economic Behavior & Organization, Li et al. (2022) in Energy Economics, 
Tian (2022) in Review of Economics and Statistics, Wang et al. (2023) in Journal of 
Product Innovation Management, and Wu et al. (2022) in Technological Forecasting 
and Social Change. Data are cleaned via extensive checks for nonsense observa-
tions, outliers, coding mistakes and the like6. After merging the firm-level databases, 
we winsorize the observations using a 5% tail wherever appropriate to reduce the 
influence of outliers. The city-level and provincial-level data were obtained from 
the CEIC database7 that contains economic, institutional and geographic informa-
tion for Chinese cities and provinces. After combining the firm-level data with the 
city-level and provincial-level data and constructing task environmental variables of 
Munificence, Dynamism and Complexity (see below), we have an unbalanced panel 
dataset of 284,396 firms spanning the period of 2003–2013. Variable definitions and 
measurement are explained in Sect. 3.3 and summarized in Table 1.

6  In particular, we dropped observations if they had missing values for key financial variables (such as total 
assets, fixed assets and industrial output) or if the number of employees was reported to be less than 10.
7 https://www.ceicdata.com/en.

Table 1  Variable definitions and summary statistics
Variables Definition and measurement Mean S.D.
Eco-innovation Number of green patents granted to firms added by one in 

logarithm
0.013 0.135

FDI spillovers FDI spillovers measured by eco-innovation of FIEs at the city 
level, i.e., the output-weighted share of green patents owned by 
FIEs in a city’s total green patents

0.003 0.017

FDI spillovers 
(Employment)

FDI spillovers measured by eco-innovation of FIEs at the city 
level, i.e., the employment-weighted share of green patents 
owned by FIEs in a city’s total green patents

0.001 0.011

Munificence The slope of regressing the annual average of sales in each two-
digit industry against time, multiplied by 100 (five-year rolling)

12.170 8.525

Complexity The ratio of the industry sales in the city (in log form) to the 
mean values of industry sales (in log form), reverse coded

0.996 0.072

Dynamism The standard errors of the slope coefficients of regression model 
for the annual average of sales against time, adjusted by the 
mean values of sales in two-digit industry

0.349 0.343

Export-orientation Dummy variable with value of 1 indicating that firms conduct-
ing export, 0 otherwise

0.302 0.459

Firm size Employment (in log form) 4.918 0.965
Labor productivity The ratio of sales to the number of employees (in log form) 5.618 0.935
Profitability The ratio of profit to revenue 0.055 0.054
Environmental 
regulation

The level of environment regulation proxied by the sulfur diox-
ide removal rate at the provincial level

0.145 0.053
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3.2  Econometric Model and Method

We model a knowledge production function for EMFs:

	

Eco − innovationijkt =
β1 FDI spilloversk,t−1 + β2 Munificancej,t−1 +
β3 Complexityj,t−1 + β4 Dynamismj,t−1 +
β5 FDI spilloversk,t−1 ×
Munificancej,t−1 + β6 FDI spilloversk,t−1 ×
Complexityj,t−1 + β7 FDI spilloversk,t−1 ×
Dynamismj,t−1 +
γiXijk,t−1 + ηi + ϕj + θk + vt + lijkt

� (1)

where Eco-innovationit is eco-innovation of EMF i in industry j, city k, at time t. 𝑿𝑖𝑡 
is a vector of control variables. We lagged all the explanatory, moderating and control 
variables by one year to allow for some time in the realization of their effects on eco-
innovation of EMFs. ηi, ϕk, θkand νt capture firm-, industry-, province- and year-fixed 
effects, respectively. ι is error term.

The empirical literature on the knowledge production function is extensive and the 
primary theoretical foundation comes from the firm-level study by Griliches (1979). 
This conceptual framework links productivity, observable inputs and knowledge 
capital with R&D output, i.e., patents. We have followed the same logic by including 
Labor productivity as a control variable. We use Firm size and Profitability as prox-
ies for observable inputs because larger firms and more profitable firms tend to have 
more internal inputs. That’s, they control for internal inputs that can be leveraged for 
knowledge production. FDI knowledge spillovers capture knowledge capital, thus 
they are external inputs for knowledge production. They are also a learning mecha-
nism through which domestic firms acquire knowledge for eco-innovation activities 
as discussed in the previous sections. Furthermore, we include Export orientation as 
a control variable because learning-by-exporting is another learning mechanism for 
domestic firms’ eco-innovation.

To ameliorate the potential issue of multicollinearity, that’s, the collinearity 
between the interaction terms and their constituent parts, we employed the mean-
centering approach. To mitigate the concerns of endogeneity, we adopt two strate-
gies. The first is to use lagged variables and control for fixed-effects (Bascle, 2008; 
Reeb et al., 2020). The second is to employ 2SLS regression technique in the robust-
ness check. The instrumental variable for FDI spillovers variable is the distance from 
shoreline (Distance). The review studies on the determinants of FDI have found both 
geographical distance and coastal host locations are two robust factors influencing 
MNCs’ FDI location choice (e.g., Blonigen & Piger, 2014, Chanegriha et al., 2017). 
As we are studying FDI within one host country, it is plausible to expect that the 
distance between cities and the shoreline is positively related to the location choice 
of FDI as the closer to shoreline, the lower the costs for FDI entry and operations 
(Chen et al., 2022). On the other hand, this distance variable is not necessarily related 
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to eco-innovation. Thus, the variable meets the criteria of the instrument variable. 
Statistical tests confirm the instrument validity.

3.3  Variables

3.3.1  Dependent Variable

Following existing studies, e.g., Castellani et al. (2022), Marin and Zanfei (2019), 
Noailly and Ryfisch (2015), and Wang et al. (2023), we adopt green patent-based 
measures for eco-innovation. Green patent refers to invention, utility model and 
appearance design that use green technologies. We identify green patent by follow-
ing the patent search strategy developed by Haščič and Migotto (2015), combined 
with the “IPC Environmental Inventory” provided by the World Intellectual Property 
Organization (WIPO)8.

3.3.2  Explanatory and Moderating Variables

We measure MNC knowledge spillovers using FDI presence (FDI spillovers) which 
is a widely accepted measure (for systematic review and meta-analysis, see Meyer & 
Sinani, 2009, Perri & Peruffo, 2016, Rojec & Knell, 2018). We focus on the regional 
dimension of FDI spillovers, i.e., the concentration of FDI eco-innovation activities 
undertaken by foreign invested enterprises (FIEs) in Chinese cities, because existing 
research shows that MNC knowledge spillovers tend to be localized (Wang et al., 
2023) and it is within cities that FIEs and EMFs co-locate and have closer interac-
tions, sharing information, knowledge and space for business transactions and factor 
mobility. Following existing studies (e.g., Javorcik, 2004, Qu et al., 2013, Wang & 
Wu, 2016), in the main analysis, FDI presence (FDI spillovers) is measured by the 
share of green patents owned by FIEs in the city within which they locate, weighted 
by output share and averaged over all firms in the city. For robustness check we use 
employment share as weights instead (e.g., Aitken & Harrison, 1999, Vujanović et 
al., 2022).

	
FDIspilloverskt =

∑
f∈Ωkt

GreenpatentsownedbyF IEskt
Totalgreenpatentskt

× Yfkt∑
f∈Ωkt

Yfkt

� (2)

where Yfkt is either output or employment of firm f in city k at time t; and Ωkt is the set 
of firms in city k at time t.

The variables– Munificence, Dynamism, and Complexity are operationalized fol-
lowing the commonly used procedure first proposed by Dess and Beard (1984) and 
widely used in the literature (e.g., Brauer & Wiersema, 2012, Chen et al., 2017, Hart-
mann & Vachon, 2018, Misangyi et al., 2006, Rosenbusch et al., 2011).

As environmental munificence reflects the industry’s capacity to support growth, 
following existing studies (e.g., Brauer & Wiersema, 2012, Chen et al., 2017, Dess & 

8 http://www.wipo.int/classifications/ipc/en/green_inventory/.
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Beard, 1984, Hartmann & Vachon, 2018), Munificence is measured through obtaining 
the coefficient (α1) of the regression model of industry sales against time (see Eq. 3).

	 yjt = a0 + a1t + εjt � (3)

where yjt denotes the average sales of the two-digit industry j in year t (in log form) 
and ɛ is error term. Munificence takes a1 values (multiplied by 100) that are deter-
mined by the preceding five years. For example, Munificence for the year 2003 is 
based on the regression of industry sales for a 5-year period of 1998–2002.

As environmental complexity reflects the level of heterogeneity in an industry, 
following existing studies (Dess & Beard, 1984, Hartmann & Vachon, 2018), Com-
plexity is measured by dividing the average sales of industry j in city k at time t (in 
log form) (yjkt) by the mean values of industry sales at time t (in log form) (−

yjt ). As 
high values are an indication of high geographical concentration of industrial activi-
ties (Dess & Beard, 1984), i.e., low complexity, we reverse-coded the variable to 
facilitate interpretation.

	
Complexityjkt =

yjkt

−
yjt

� (4)

As environmental dynamism reflects the instability or volatility in the industry envi-
ronment, following existing studies (e.g., Brauer & Wiersema, 2012, Dess & Beard, 
1984, Misangyi et al., 2006, Rothenberg & Zyglidopoulos, 2007), Dynamism is mea-
sured as the dispersion around the regression line from Eq. 3 by dividing the standard 
error of the coefficient α1 (mjt) by the mean values of industry sales (in log form) at 
time t (in log form) (−

yjt ) to adjust for absolute industry scale (Eq. 4).

	
Dynamismjt =

mjt

−
yjt

� (5)

3.3.3  Control Variables

To control firm-level effects, we use Export-orientation, Firm size, Labor produc-
tivity, Profitability, and firm-fixed effects. Variable definitions and measurement are 
summarized in Table 1. At the provincial level, we include Environmental regulation 
proxied by the sulfur dioxide (SO2) removal rate. The Chinese central government 
has set specific SO2 emission reduction targets at the provincial level and different 
provincial governments also have different levels of environmental policy enforce-
ment (Li et al., 2022). Additionally, we manage the potential confounding factors that 
underline both FDI spillovers and Eco-innovation of EMFs using a set of industry-, 
province- and year-fixed effects. The industry- or province-fixed effects control for 
all time-invariant industry- or province-specific factors that could influence the level 
of inward FDI activities and the eco-innovation of EMFs in that industry or province, 
respectively. The year-fixed effects capture time-variant factors such as unobservable 
time-sensitive changes in the business environment.
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4  Empirical Findings

Table 2 presents correlation coefficients which are low between variables. The vari-
ance-inflation factors range from 1.01 to 1.45, well below the threshold level of 10. 
Both indicate that multicollinearity is not a major concern.

Table 3 presents regression results. Model (1) includes control variables and main 
explanatory variables– FDI spillovers, Munificence, Complexity and Dynamism. 
Models (2) to (4) include the interaction terms of FDI spillovers with Munificence, 
Complexity and Dynamism, respectively. Model (5) is the full model including all 
variables. Across models (2)-(5), the coefficients on FDI spillovers are positive and 
statistically significant, suggesting the positive relationship between MNE knowl-
edge spillovers and eco-innovation of EMFs. Thus, H1 is supported. This finding 
aligns with Ha and Wei (2019) and Wang et al. (2023) that focus explicitly on eco-
innovation and a majority of studies on innovation that do not explicitly differentiate 
eco- and non-eco-innovation, as shown in Table A1.

In models (1)-(5), the coefficients on Munificence are all positive and statistically 
significant, indicating the positive link between Munificence and Eco-innovation. 
This provides evidence to support H2. In models (2) and (5), the coefficients on 
FDI spillovers and its interaction term with Munificence are positive and statistically 
significant (0.017, p < 1% in model 3; 0.020, p < 1% in model 6), revealing that MNC 
knowledge spillovers strengthen the positive effects of munificence on EMFs’ eco-
innovation, thus H3 is supported.

In models (1)-(5), the coefficients on Complexity and Dynamism are all negative 
and statistically significant, indicating the negative effects of complexity and dyna-
mism on eco-innovation, respectively. H4 and H6 are, thus, supported. The coef-
ficients on the interaction term of FDI spillovers and Complexity are positive and 
statistically significant (2.485, p < 1% in model 4; 1.756, p < 1% in model 6) and those 
on the interaction term of FDI spillovers and Dynamism are also positive and statisti-
cally significant (0.323, p < 1% in model 5; 0.417, p < 1% in model 6). These results 

Table 2  Correlation matrix
1 2 3 4 5 6 7 8 9 10

1. Eco-innovation
2. FDI spillovers 0.008
3. FDI spillovers 
(Employment)

0.013 0.655

4. Munificence 0.069 0.101 0.068
5. Complexity 0.012 0.032 0.043 0.006
6. Dynamism 0.043 0.010 0.020 -0.371 -0.004
7. 
Export-orientation

0.049 0.006 0.001 -0.006 0.034 0.012

8. Firm size 0.090 0.040 0.034 0.198 0.045 0.188 0.283
9. Labor 
productivity

0.065 0.039 0.042 0.168 0.051 0.202 -0.081 -
0.244

10. Profitability 0.027 0.024 0.009 0.028 0.003 0.081 -0.045 0.026 0.106
11. Environmental 
regulation

0.007 -
0.128

-
0.074

-0.086 0.025 0.085 0.067 -
0.059

0.060 0.001
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suggest that MNC knowledge spillovers mitigate the negative effects of complexity 
and dynamism on EMFs’ eco-innovation, thus H5 and H7 are supported.

In relation to control variables, the findings on Export-orientation, Firm size, 
Labor productivity, Profitability, and Environmental regulation, are fairly consistent 
across all models. Export-oriented firms face regulatory pressures when exporting to 
other countries, they need to “quickly adapt and align their standards” such as from 
“green labeling to end of life movement of e-waste” (Nguyen et al., 2023: 5), these 
necessitate them to invest and engage in eco-innovation. In terms of firm size, our 
results are in line with two recent meta-analyses by Bitencourt et al. (2020) and Liao 
and Liu (2021), indicating a positive effect of firm size on eco-innovation. Both labor 
productivity and profitability also play a positive role for EMFs’ engagement in eco-
innovation. Finally, our findings confirm the importance of environmental regulation 
in the eco-innovation of EMFs. Although complying with environmental regulation 
may add additional costs on firms, it may serve as an incentive mechanism, encourag-
ing firms to engage in eco-innovation to satisfy stakeholders expectations, to develop 
competitive advantages, and to acquire reputational benefits (Eiadat et al., 2008; Li 
et al., 2022; Wang et al., 2023).

Table 3  The interplay of MNE knowledge spillovers and task environment on eco-innovation of EMFs
(1) (2) (3) (4) (5)

FDI spillovers 0.110*** 0.108*** 0.088** 0.095** 0.084**
(0.041) (0.041) (0.042) (0.041) (0.042)

Munificence 0.001*** 0.001*** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)

Complexity -0.221*** -0.211*** -0.212*** -0.221*** -0.209***
(0.013) (0.013) (0.013) (0.013) (0.013)

Dynamism -0.004*** -0.002*** -0.005*** -0.003*** -0.003***
(0.001) (0.001) (0.001) (0.001) (0.001)

FDI spillovers x Munificence 0.017*** 0.020***
(0.003) (0.003)

FDI spillovers x Complexity 2.485*** 1.756**
(0.730) (0.739)

FDI spillovers x Dynamism 0.323*** 0.417***
(0.111) (0.116)

Export-orientation 0.012*** 0.011*** 0.011*** 0.012*** 0.012***
(0.001) (0.001) (0.001) (0.001) (0.001)

Firm size 0.020*** 0.018*** 0.019*** 0.020*** 0.020***
(0.001) (0.001) (0.001) (0.001) (0.001)

Labor productivity 0.019*** 0.017*** 0.017*** 0.019*** 0.019***
(0.001) (0.001) (0.001) (0.001) (0.001)

Profitability 0.031*** 0.047*** 0.033*** 0.031*** 0.032***
(0.008) (0.008) (0.008) (0.008) (0.008)

Environmental regulation 0.110*** 0.075** 0.104*** 0.108*** 0.093***
(0.035) (0.035) (0.035) (0.035) (0.035)

Notes N = 517,908. Standard errors in parentheses. Firm-, industry-, province-, year-fixed effects are 
included. ***p < 0.01, **p < 0.05
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4.1  Robustness Check and Further Analysis

To check the robustness of our results, we employ an IV estimation approach and 
an alternative measure of FDI spillovers (Employment). The findings are shown in 
Tables 4 and 5 respectively. They are broadly in line with those presented in Table 3. 
The only exception is that, although the interaction term of FDI spillovers and Dyna-
mism remains the negative sign, the coefficients become statistically insignificant in 
models (4) and (6) of Table 5.

We have also added Table 6 to see whether the hypothesized relationships hold 
when industries are differentiated to high-polluting and low-polluting industries. We 
use dummy variable– Pollution– to indicate whether a firm is in a high-polluting 
industry designated by the Ministry of Ecology and Environment of China. The Min-
istry issued the Guidelines on Environmental Information Disclosure of Listed Com-
panies and identified 16 industries as highly polluting industries, namely thermal 
power, steel, cement, electrolytic aluminum, coal, metallurgy, chemical, petrifaction, 
building material, papermaking, brewing, pharmacy, fermentation, textile, tanning, 
and mining.

Table 4  Robustness tests, IV estimate
(1) (2) (3) (4) (5)

FDI spillovers 0.059*** 0.102*** 0.072*** 0.051*** 0.059***
(0.013) (0.013) (0.015) (0.015) (0.013)

Munificence 0.001*** 0.001*** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)

Complexity -0.189*** -0.213*** -0.223*** -0.215*** -0.211***
(0.010) (0.013) (0.013) (0.014) (0.013)

Dynamism -0.004*** -0.003*** -0.003*** -0.005*** -0.003***
(0.001) (0.001) (0.001) (0.001) (0.001)

FDI spillovers x Munificence 0.017*** 0.020***
(0.003) (0.004)

FDI spillovers x Complexity 0.345*** 2.075***
(0.110) (0.728)

FDI spillovers x Dynamism 2.815*** 0.429***
(0.716) (0.115)

Export-orientation 0.012*** 0.012*** 0.012*** 0.012*** 0.012***
(0.001) (0.001) (0.001) (0.001) (0.001)

Firm size 0.018*** 0.017*** 0.020*** 0.019*** 0.019***
(0.001) (0.001) (0.001) (0.001) (0.001)

Labor productivity 0.015*** 0.016*** 0.018*** 0.017*** 0.018***
(0.001) (0.001) (0.001) (0.001) (0.001)

Profitability 0.027*** 0.044*** 0.030*** 0.032*** 0.031***
(0.007) (0.008) (0.008) (0.008) (0.008)

Environmental regulation 0.331*** 0.437*** 0.362*** 0.286*** 0.302***
(0.054) (0.057) (0.064) (0.065) (0.059)

Kleibergen-Paap rank LM statistic 180.226 170.740 155.708 138.424 101.484
Kleibergen-Paap rank Wald F statistic 180.324 170.839 155.778 138.477 101.516
Notes N = 516,566. Standard errors in parentheses. Firm-, industry-, province, year-fixed effects are 
included. ***p < 0.01

1 3

547



Y. Qu et al.

(1) (2) (3) (4) (5)
FDI 
spillovers 
(Employ-
ment)

0.090** 0.089** 0.075* 0.094** 0.074*

(0.043) (0.043) (0.045) (0.043) (0.045)
Munifi-
cence

0.001*** 0.001*** 0.001*** 0.001*** 0.001***

(0.000) (0.000) (0.000) (0.000) (0.000)
Complexity -

0.221***
-
0.209***

-
0.216***

-
0.221***

-
0.208***

(0.013) (0.013) (0.013) (0.013) (0.013)
Dynamism -

0.004***
-0.001* 0.000 -

0.004***
-
0.004***

(0.001) (0.001) (0.001) (0.001) (0.001)
FDI 
spillovers 
(Employ-
ment) x 
Munifi-
cence

0.021*** 0.019***

(0.004) (0.004)
FDI 
spillovers 
(Employ-
ment) x 
Complexity

1.783*** 1.653**

(0.685) (0.688)
FDI 
spillovers 
(Employ-
ment) x 
Dynamism

-0.110 -0.044

(0.095) (0.098)
Export-ori-
entation

0.012*** 0.012*** 0.012*** 0.012*** 0.012***

(0.001) (0.001) (0.001) (0.001) (0.001)
Firm size 0.020*** 0.017*** 0.017*** 0.020*** 0.018***

(0.001) (0.001) (0.001) (0.001) (0.001)
Labor 
productivity

0.019*** 0.016*** 0.017*** 0.019*** 0.018***

(0.001) (0.001) (0.001) (0.001) (0.001)
Profitability 0.031*** 0.048*** 0.046*** 0.031*** 0.036***

(0.008) (0.008) (0.008) (0.008) (0.008)
Environ-
mental 
regulation

0.110*** 0.070** 0.091*** 0.111*** 0.084**

(0.035) (0.035) (0.035) (0.035) (0.035)

Table 5  Robustness tests, 
alternative measure of FDI 
spillovers

NotesN = 517,908. Standard 
errors in parentheses. Firm-, 
industry-, province, year-
fixed effects are included. 
***p < 0.01, **p < 0.05, *p < 0.1
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Table 6 includes two models. Model (1) includes three three-way interaction vari-
ables to Model (5) of Table 3 and the dummy variable Pollution. The dummy variable 
is statistically insignificant, and Model (2) presents the estimation results without this 
dummy variable. The results of the two columns are very similar. H1, H2, H4, and 
H6 remain supported for both high-polluting and low-polluting industries. As the 
two-way interaction of FDI spillovers and Munificence and the three-way interaction 
of FDI spillovers, Munificence and Pollution are positive and statistically significant, 
suggesting H3 remains to be supported and the positive interactive effects of MNC 
knowledge spillovers and munificence on eco-innovation are more pronounced for 
firms in high-polluting than those in low-polluting industries. Similarly, as both the 
two-way interaction of FDI spillovers and Complexity and the three-way interaction 

Table 6  The interplay of MNE knowledge spillovers and task environment under the condition of pollu-
tion intensity

(1) (2)
FDI spillovers 0.141*** 0.135***

(0.049) (0.049)
Munificence 0.001*** 0.001***

(0.000) (0.000)
Complexity -0.217*** -0.208***

(0.013) (0.013)
Dynamism -0.002** -0.002***

(0.001) (0.001)
Pollution 0.001

(0.002)
FDI_Eco-innovation spillovers x Munificence 0.032*** 0.030***

(0.004) (0.004)
FDI_Eco-innovation spillovers x Complexity 2.123*** 2.170***

(0.742) (0.740)
FDI_Eco-innovation spillovers x Dynamism 0.897*** 0.857***

(0.127) (0.127)
FDI_Eco-innovation spillovers x Munificence x Pollution 0.039*** 0.042***

(0.012) (0.012)
FDI_Eco-innovation spillovers x Complexity x Pollution 0.901*** 0.861***

(0.171) (0.171)
FDI_Eco-innovation spillovers x Dynamism x Pollution -4.697*** -4.639***

(0.461) (0.460)
Export-orientation 0.012*** 0.011***

(0.001) (0.001)
Firm size 0.020*** 0.019***

(0.001) (0.001)
Labor productivity 0.019*** 0.018***

(0.001) (0.001)
Profitability 0.031*** 0.037***

(0.008) (0.008)
Environmental regulation 0.105*** 0.087**

(0.035) (0.035)
NotesN = 517,908. Standard errors in parentheses. Firm-, industry-, province, year-fixed effects are 
included. ***p < 0.01, **p < 0.05
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of FDI spillovers, Complexity and Pollution are positive and statistically significant, 
H5 is also supported and the positive interactive effects of MNC knowledge spillovers 
and complexity on eco-innovation are also greater for firms in high-polluting than 
those in low-polluting industries. Finally, the two-way interaction of FDI spillovers 
and Dynamism is positive and statistically significant and the three-way interaction 
of FDI spillovers, Dynamism and Pollution is negative and statistically insignificant, 
indicates that H7 is only supported for firms in low-polluting industries. The positive 
MNC knowledge spillover effects on eco-innovation is not strong enough to offset 
the negative effects of dynamism on eco-innovation in high-polluting industries. A 
possible explanation to this finding is that high levels of dynamism require firms to 
innovate rapidly if their core competence is innovation oriented. This can be a sig-
nificant challenge for firms in high polluting industries since they are more capital-
intensive than those in low polluting industries (Cole & Elliott, 2005), thus they 
face great financial pressures to appreciate and appropriate eco-innovation values 
revealed by MNCs for the benefit of eco-innovation.

5  Discussion and Conclusion

The accomplishment of the SDGs is a global priority, which requires social inno-
vation to produce new products, processes, services, management systems and 
business models. This paper zooms in a specific type of social innovation– eco-inno-
vation– and commits research efforts to understand the eco-innovation of EMFs in 
a multi-dimensional task environment being driven by MNC knowledge spillovers. 
Eco-innovation can bring economic, knowledge and environmental values to firms 
(see the meta-analysis by Hizarci-Payne et al., 2021). It also has social benefits in 
terms of promoting the construction of a greater societal awareness of sustainabil-
ity and green economy, contributing sustainability values to the corporate image of 
the company, and driving sustainable or green consumption (Marco-Lajara et al., 
2023). However, the development of eco-innovation needs new knowledge inputs 
that emerging markets are lacking and involves the shift of technological trajectories 
which is accompanied by complexity, uncertainty and ambiguity (De Marchi et al., 
2022). The presence of MNCs confers knowledge spillovers to EMFs as MNCs are 
not only the source of knowledge and the target for learning and imitation owing to 
their leadership position in eco-innovation, but also an important stakeholder in the 
innovation eco-system and global value chain exerting institutional isomorphic pres-
sures on these firms (Wang et al., 2023).

Taking the value-based approach, we view the eco-innovation effects of MNC/
FDI knowledge spillovers as a combination of value appropriation and value 
creation process and develop a conceptual model to first explore how different 
economic, knowledge and environmental values underpinning MNC knowledge 
spillovers influence eco-innovation of EMFs, then study the value enhancement 
effects of MNC knowledge spillovers in the multi-dimensional task environment. 
Empirical findings based on the examination of Chinese manufacturing firms 
highlight the important role of regional MNC knowledge spillovers in facilitat-
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ing eco-innovation of EMFs, particularly, their role in moderating the salience of 
the differential effects of munificence, complexity and dynamism.

Our theoretical arguments and supportive findings make important theoreti-
cal contributions to social innovation research in general and eco-innovation 
research in particular. While there is evidence that MNCs have an important role 
to play when tackling environmental challenges and propelling clean growth in 
the host emerging markets, existing research has largely focused on the envi-
ronmental performance of MNC subsidiaries, their adoption of environmentally 
responsible management practices and the introduction of eco-innovation, with 
limited attention to MNC knowledge spillovers (De Marchi et al., 2022, Wang 
et al., 2023). Our examination of the interplay of MNC knowledge spillovers 
and organizational environment provides new insights for the eco-innovation 
of EMFs. Specifically, theory building by taking the value-based approach and 
emphasizing MNC knowledge spillovers as a boundary condition shaping the 
effects of organizational environment on eco-innovation responds to Filatotchev 
et al. (2022)’s call for “new theory building within an open systems perspective” 
(p. 1051) and “greater attention to the broader environmental context while not 
neglecting decision-making actors and their agency” (p. 1039). Our empirical evi-
dence that environmental factors of munificence, complexity and dynamism have 
differential effects on eco-innovation confirms the prevalent argument regard-
ing the importance of the environment to firm strategy. Findings on the inter-
active effects of MNC knowledge spillovers and environmental factors provide 
a more nuanced understanding in terms of how EMFs confronting munificent, 
complex or dynamic environments may benefit from MNC knowledge spillovers 
for eco-innovation.

Albeit noting the difference between eco-innovation and conventional inno-
vation owing to the double-externality issue associated with the former, we 
cautiously suggest that our study may explain resolving conflicting evidence 
regarding the innovation effects of MNC knowledge spillovers by focusing more 
on the regional dimension of MNC knowledge spillover effects and its interplay 
with domestic firms’ environments. As shown in Table A1, most existing stud-
ies have emphasized intra- and/or inter-industrial dimensions, which downplays 
the evidence that knowledge spillovers tend to be localized and rely on eco-
nomic and social infrastructure centered around that region for support (Driffield, 
2006; Hamida, 2013; Sajarattanochote & Poon, 2009; Spithoven & Merlevede, 
2023; Wang & Wu, 2016); and they have overlooked organizational environ-
ments within which firms make informed strategic choices, draw on resources 
for operations and seize opportunities for value appropriation and value creation 
(Chen et al., 2017; Dess & Beard, 1984; Oliver, 1997; Rothenberg & Zyglido-
poulos, 2007).

This study has important policy implications. In general, emerging markets 
often have policies stimulating innovation broadly and eco-innovation specifi-
cally to promote economic growth and technological catch-up. They also imple-
ment FDI policies to attract MNCs in the hope that knowledge spillovers from 
MNCs will support this aim. However, the two sets of policies are often designed 
independently with little consideration of each other. Our findings point to the 
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importance of more concerted, coordinated policy efforts on encouraging MNCs 
to transfer advanced environmental technologies and their local subsidiaries to 
engage in eco-innovation in emerging markets.

More specific to China, the governments have initiated policies to develop 
national and regional innovation systems since its opening up in 1978, but atten-
tion to eco-innovation is more recent. In the “14th Five-Year Plan (2021–2025)”, 
the most recent guidelines for national economic and social development plan-
ning, the central government included the proposal for developing eco-innova-
tion to address environmental challenges. The central government has also been 
implementing the “Dual Carbon” policy (carbon peaking and carbon neutrality). 
The local governments at various levels have also increasingly paid attention to 
ecological issues, calling for eco-innovation of cities, industries, and firms, and 
promoting green, low-carbon and energy efficient patterns of economic develop-
ment models. Our findings suggest that both the central and the local govern-
ments should facilitate the building and development of eco-innovation networks 
and systems with MNCs being an important player and a key stakeholder. The 
cooperation and communication between EMFs and MNCs in an eco-innovation 
network can help with resource and knowledge circulation and cross-fertilization 
of ideas, generating synergetic and beneficial effects on eco-innovation. With 
MNC knowledge spillovers, the negative eco-innovation effects associated with 
rapid changes in technology and market and heterogeneity of environmental fac-
tors can be somehow neutralized, countered and offset. Governments may also 
take actions in helping domestic industries and EMFs to enhance their absorptive 
capacity so as to leverage MNC knowledge spillovers for eco-innovation.

This study also has implications for managers and practitioners. It helps stake-
holders who are concerned about environmental challenges and clean growth 
to better understand and advocate for eco-innovation by EMFs. For manag-
ers of EMFs, there is a need to understand the industrial context within which 
their organizations and MNCs interact. The intensification of interactions with 
MNC subsidiaries through both transactional and non-transactional relationships 
helps their eco-innovation, particularly if they operate in resource-rich, highly 
dynamic, or highly complex environments.

5.1  Limitations and Future Research

Our research is subject to several limitations. The first is related to how organi-
zational environment is modelled. We focus on the task environment and restrict 
our hypotheses to munificence, complexity and dynamism. We have left out the 
institutional environment which is also an important part of firms’ operational 
environment (Oliver, 1997). Additionally, we adopt one objective indicator for 
each dimension of organizational environment due to data availability. Manag-
ers’ perceptions of organizational environment may impact on their strategies. 
Alternative subjective measures for different dimensions of organizational envi-
ronment may provide further evidence for the interplay of MNC knowledge spill-
overs and organizational environment.
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Second, although the use of green patent to measure eco-innovation has the 
advantage of being a continuous and relatively objective measure, the literature 
has noted various issues including different patenting behaviors in different orga-
nizations and in different industries, not all eco-innovation outcomes being pat-
ented, not all eco-innovations being patentable, and patented eco-innovation of 
different nature (radical vs. incremental) and of different quality (e.g., Dziallas 
& Blind, 2019, Taques et al., 2021). However, data for alternative eco-innova-
tion measures such as green R&D investment are unavailable. Future studies 
therefore should test the validity of our findings using alternative measures of 
eco-innovation.

Third, like most studies on MNC knowledge spillovers, we referred to four 
spillover channels to explain the theoretical mechanism linking MNC knowledge 
spillovers and eco-innovation. Future research could directly and empirically 
assess these channels using more fine-grained research design and primary data. 
For example, research has established that knowledge spillovers of MNCs may 
be conditional on their country of origin, entry mode, mandate of MNC subsid-
iaries, and market orientation of MNC subsidiaries (Crespo & Fontoura, 2007; 
Rojec & Knell, 2018; Smeets, 2008).

Fourth, our study only focuses on the technological eco-innovation spillovers 
from MNCs. Since pollution reduction requires technological as well as organiza-
tional innovations by firms, future studies could examine the presence of MNCs 
on local firms’ engagement in both types of innovation activities simultaneously, 
accounting for organizational environment and firm capability as suggested by 
Hart and Dowell (2011).

Finally, while our findings on the interplay of MNC knowledge spillovers and 
organizational environment on eco-innovation of Chinese firms are insightful, 
we must exercise caution when generalizing them across different countries. 
Although China is no doubt an emerging economy, she does stand out among 
emerging economies in terms of overall economic size, large pool of labor force, 
rapid economic growth, and state-led economic development. To what extent, 
these country-specific advantages and institutional supports contribute to their 
corporate eco-innovation cannot be examined in our single country context. It is 
essential to further assess the validity of our findings by providing comparative 
insights through studies of other emerging economies.

.

Appendix A: Systematic Review of Firm-level Empirical Studies on the 
Impact of MNC/FDI Spillovers on Innovation and Eco-innovation

To comprehensively evaluate and summarize the current state of the literature on the 
innovation and eco-innovation effects of MNC/FDI spillovers, we followed the sys-
tematic literature review methodology (Paul & Criado, 2020; Tranfield et al., 2003) 
and searched the Web of Science (WoS) database for research articles on 1 September 
2023.
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We started with the literature search on the nexus of innovation and MNC/FDI 
spillovers by using the search phrase [“FDI * spillover* OR “MN* spillover*” 
(Topic) and “innovation” OR “R&D” OR “research * development” (Topic) and 
firm* OR enterprise* (Topic)]. This resulted in 87 papers. After excluding 5 con-
ference proceeding papers, 1 data paper and 1 paper in Russian, we were left 
with 80 journal articles. Reading through the abstracts to focus on the innovation 
effects of MNC/FDI knowledge spillovers, we identified 21 firm-level quantita-
tive studies. Going through references of these articles, we further identified 4 
firm-level studies. Table A1 presents a summary of findings.

We then conducted the search for empirical studies on the eco-innovation 
effects of MNC/FDI spillovers using firm-level data. We searched WoS using the 
phrase [“FDI * spillover* OR “MN* spillover*” (Topic) and “eco-innovation” 
OR “environmental innovation” OR “environment* patent*” OR “green innova-
tion” OR “green patent” (Topic)]. This led to only 1 paper. We then broadened 
our search using the phrase [“FDI* OR “MN? s” OR “foreign direct investment” 
(Topic) and “eco-innovation” OR “environmental innovation” OR “environment* 
patent*” OR “green innovation” OR “green patent” (Topic) and spillover* OR 
diffuse* (Topic) and firm* OR enterprise (Topic)] and 21 papers were returned 
as the search result. Through reading abstracts of these articles, we were able to 
identify 2 more relevant studies. Reading through references of these 3 studies, 
i.e., Ha (2021), Ha and Wei (2019), and Wang et al. (2023), did not lead to more 
studies being identified.

Table A1  A summary of firm-level studies on the MNC/FDI spillover effects on innovation
Study Sample MNC/FDI 

spillover 
measures

Moderators Key findings

Bram-
billa et al. 
(2009)

Chinese manufac-
turing firms, World 
Bank’s 2001 and 
2003 Investment 
Climate Surveys

Intra-indus-
try spillovers

• +ve especially for less-
sophisticated firms when 
innovation being measured 
by dummy variable for in-
troduction of new products
• n.s. when innovation 
being measured by R&D 
expenditures

Corredoira 
and Mc-
Dermott 
(2014)

A combination 
of fieldwork and 
unique survey data 
of Argentine auto 
parts
suppliers, 
2004–2005

Intra-indus-
try spillovers

• Ties to High GeoDi-
veristy Associations: 
total number of ties 
to associations in 
top-Geo
• Ties to High Geo-
Diversity government 
support institutions 
(GSIs): total number 
of ties to GSIs in 
top-Geo

• -ve
• The ties to MNCs increase 
the level of process upgrad-
ing as the number of ties 
to High GeoDiveristy 
GSIs increases, but not the 
ties to High GeoDiversity 
Associations
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Table A1  A summary of firm-level studies on the MNC/FDI spillover effects on innovation
Study Sample MNC/FDI 

spillover 
measures

Moderators Key findings

Cres-
cenzi et al. 
(2015)

Manufacturing and 
services firms from 
the UK Commu-
nity Innovation 
Survey (CIS), 
1998–2005

Intra-indus-
try spillovers

+ve

Girma et 
al. (2008)

Chinese firms, 
1999–2005

Intra-indus-
try-region 
spillovers

• Internal R&D activi-
ties: R&D expenditure 
divided by sales
• Domestic finance: 
domestic bank loans 
divided by total assets

• -ve overall
• but + ve for firms engaging 
in internal R&D activities or 
having access to domestic 
finance

Gao and 
Sammar-
tino (2022)

Chinese manu-
facturing firms, 
2000–2010

Intra-indus-
try spillovers

• Industry technology 
orientation: total R&D 
expenditure divided by 
total sales within each 
industry
• Industry competition: 
Herfindahal index

• -ve overall
• and industry technology 
orientation and industry 
competitive intensity 
strengthening the negative 
relationship

Guo et al. 
(2022)

Chinese firms in 
Zhongguancun 
Science Park, 
2009–2015

Intra-indus-
try spillovers

• Human capital diver-
sity: Dividing employ-
ees into five categories 
and employing the 
Shannon index
• R&D diversity: 
distinguishing R&D 
into three types and 
using Shannon entropy 
index

• +ve when human capital 
below its second threshold
• +ve when R&D diversity 
below its single threshold

Ha (2023) Korean firms from 
Korean CIS in 
2002, 2005, 2008 
and 2010

Inter-indus-
try spillovers

• Dynamism: firms’ 
new knowledge
• Network diver-
sity: the ties that firms 
developed on a scale 
of 0–8

• -ve
• In a dynamic environment, 
foreign MNCs generating 
more positive effects than 
negative ones via backward 
linkages
• Increased negative effect 
of backward linkages if local 
suppliers having developed 
diverse network ties in a 
dynamic environment

Ha and 
Giroud 
(2015)

Korean firms from 
Korean CIS 2002 
and 2005

Intra- and 
inter-indus-
try spillovers

• +ve intra-industry and 
forward spillovers;
• -ve backward spillovers

Hu and 
Jefferson 
(2009)

China’s large 
and medium-size 
industrial firms, 
1995–2001

Intra-indus-
try spillovers

+ve

Huang 
and Zhang 
(2020)

Chinese firms in 
Shandong prov-
ince, 2002–2007

The spatial 
weighted 
intra-indus-
try spillovers

+ve
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Table A1  A summary of firm-level studies on the MNC/FDI spillover effects on innovation
Study Sample MNC/FDI 

spillover 
measures

Moderators Key findings

Jiang et al. 
(2021)

Manufacturing 
firms in China, 
2002–2007

Intra-indus-
try-region 
spillovers

Internal R&D 
activities: R&D 
expenditures divided 
by sales

• +ve
• Stronger effect with a mod-
erate level of internal R&D

Ka-
layci and 
Pamukçu 
(2014)

Manufacturing 
firms in Turkey, 
2003–2007

Intra- and 
inter-indus-
try spillovers

• -ve intra-industry 
spillovers
• +ve inter-industry 
spillovers

Li et al. 
(2017)

Chinese listed 
firms, 2000–2010

Intra-indus-
try-region 
spillovers

• Regional indus-
trial diversity: MAR 
externalities
• Regional industrial 
specialization: Jacobs 
externalities

• +ve
• Regional industrial diver-
sity positively moderating 
the relationship
• Regional industrial special-
ization negatively moderat-
ing the relationship

Li et al. 
(2010)

Chinese firms, 
2005–2006

Intra-indus-
try-region 
spillovers

• R&D intensity: 
firm’s R&D expendi-
ture divided by R&D 
expenditure of the 
industry
• Marketing intensity: 
firm’s marketing ex-
penditure divided by 
marketing expenditure 
of the industry

• +ve
• The relationship is 
strengthened by R&D, not 
by marketing efforts.

Li et al. 
(2013)

Chinese manu-
facturing firms, 
2000–2006

Intra- and 
inter-indus-
try spillovers

• +ve intra-industry spill-
overs at the
national level
• +ve inter-industry spillover 
at the subnational level

Ning et al. 
(2023)

Chinese firms in 
Zhongguancun 
Science Park, 
2005–2015

Inter-indus-
try spillovers

The returnee clustering 
structure: based on the 
unrelated and related 
variety index

• U-Shaped curvilinear 
relationship
• The U-shaped curvilinear 
relationship being steepened 
by the related variety of the 
returnee structure, whereas 
the unrelated clustering 
structure flattening this U-
shaped relationship
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Table A1  A summary of firm-level studies on the MNC/FDI spillover effects on innovation
Study Sample MNC/FDI 

spillover 
measures

Moderators Key findings

Nuruzza-
man et al. 
(2019)

2015 World Bank 
Enterprise
Surveys in the 
Middle East and 
North Africa 
(MENA) region

Competitive 
pressure 
from foreign 
firms based 
on manage-
rial cognition

• Government owner-
ship: percentage of 
shares owned by the 
government
• Strength of legal 
rights: an index 
(ranges from 0–12) 
to measure the legal 
environment of the 
country
• Resource endow-
ment: sum of oil, 
gas, coal, mineral 
and forest rents as a 
percentage of the gross 
domestic product

• +ve
• This relationship being 
contingent on the govern-
ment ownership, the strength 
of legal rights and natural 
resource endowment.

Qi et al. 
(2023)

Nonfinancial do-
mestic firms across 
27 transitional 
economies from 
Eastern Europe 
and Central Asia,
data obtained from 
the fourth and fifth 
rounds of the Busi-
ness Environment
and Enterprise 
Performance 
Survey (BEEPS 
IV and V), dur-
ing 2008 − 2009 
and 2013 − 2014, 
respectively.

Inter-
industry FDI 
spillovers

• Relationship lender: 
bank insiders’ percep-
tion, based on five-
point scale
• Exporters vs. 
Non-exporters
• Openness to the 
global market: actual 
flows in percentage 
of GDP and KOF 
economic globaliza-
tion index

• +ve
• The positive spillovers 
mainly for foreign banks 
that use relationship lending, 
domestic firms that do not 
export, and host countries 
that are less open to the 
global market.

Qu et al. 
(2017)

World Bank 
Enterprise Survey 
(WBES) 2012
on Chinese firms, 
the NERI Marketi-
zation Index 2011 
and the China 
Statistics Yearbook 
2011–2012

Intra-
industry FDI 
spillovers

• Regional formal 
institutions: mea-
sured by government 
institutions, legal in-
stitutions, educational 
institutions, financial 
institutions and taxa-
tion institutions

• n.s.
• Positive moderating impact 
of regional formal institu-
tions on FDI spillovers on 
process innovation

Qu et al. 
(2013)

Chinese manu-
facturing firms in 
the Information 
and Communica-
tions Technolo-
gies (ICT) sector, 
2001–2005

Regional 
(city/
province-
level) FDI 
spillovers

• +ve
• The positive effect dimin-
ishes as the geographical 
distance between the foreign 
affiliates and domestic firms 
increases.
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Table A1  A summary of firm-level studies on the MNC/FDI spillover effects on innovation
Study Sample MNC/FDI 

spillover 
measures

Moderators Key findings

Tan et al. 
(2023)

Chinese firms, 
1998–2003

Re-
gional FDI 
spillovers

M&A vs. Greenfield • +ve
• M&A FDI playing a more 
positive role in spillovers 
compared with greenfield 
investment

Vujanović 
et al. 
(2022)

Serbia CIS, 
2010–2012

Intra- and 
inter-indus-
try spillovers

• +ve intra-industry spill-
overs on both innovation 
input and output
• +ve backward spillovers on 
innovation input
• n.s. forward spillovers

Wang and 
Wu (2016)

Chinese electronic 
firms in 2009

Regional 
intra- and 
inter-indus-
try spillovers

+ve

Wei et al. 
(2017)

Chinese firms in 
Zhongguancun 
Science Park, 
2000–2003

Intra-indus-
try spillovers

+ve

Zhao et al. 
(2019)

Chinese firms, data 
collected from 
China Statistical 
Yearbook 2013 
and 2014 and com-
plemented with a 
survey (500 local 
firms from the Di-
rectory of Chinese 
Enterprises were 
randomly selected

Regional 
spillovers

• FDI density
• Absorptive capacity: 
a six item measure 
focusing on an 
employee’s ability to 
utilize and exploit the 
acquired knowledge.
.

• Managerial spillovers 
indirectly related to perfor-
mance through management 
innovation
• FDI density and indig-
enous firms’ absorptive 
capacity moderate the 
spillover–innovation and 
innovation–performance 
relationships, respectively.

Notes +ve, -ve, and n.s. indicate the MNC/FDI spillover effects on innovation are positive and statistically 
significant, negative and statistically significant, and non-statistically significant, respectively
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