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	Multinational firms (MNCs) have increasingly dispersed their operations in different locations in response to the increased global competition. At national level, their location decision creates an interdependent network of cities or provinces that influences inter-province relations and regional economic integration. By using sample data collected by Trade and Market Intelligence and network analysis approach, the study aims to explore roles, relational patterns and power of different provinces in the network created by MNCs’ location selection in Vietnam, thereby providing some policy suggestions for regional planning. The study found that the network of provinces is loosely connected with only a few hubs located mostly in southern region. In particular, neither Ha Noi nor Ho Chi Minh is not the most influential node in the network. Provinces are not only connected but also structurally equivalent to many other provinces regardless of spatial distance. These network structure characteristics suggest economic inequalities among regions and the vulnerability of the network to systematic risk.  Therefore, policy makers should focus on developing more balanced regional planning and promoting  province -to- province relations in order to have tighter network of provinces and more regional economic integration.



1. Introduction
The presence of multinational corporations (MNCs) can have both positive and negative impacts on economic development of developing countries. On one hand, MNCs can push host nation’s economic development through spillover of technology, know-how, and skills; increased competition; and provision of better products and services at more reasonable prices (Rugraff and Hansen, 2011). On the other hand, MNCs may create a new market equilibrium and drive local companies out of market (Blomstrom and Sjoholm, 1999). With their specialized production, they may also prevent host economy from moving to high value-added activities (Rugraff and Hansen, 2011). 
Despite these mixed impacts, MNCs have still been considered to play an important role in the economy of developing countries. Many of these countries have significantly reformed their policies and business environment to attract MNCs such as provision of tax incentives, or enhancement of property rights (Yehoue, 2009). Apart from these high level or non-spatial factors, investment decision of MNCs also depends on geographical location characteristics. Some locations are more attractive than others because of the availability of skilled and educated labors, good infrastructures, and other supportive institutional factors such as institutions, culture or existing firms (van ’t Hoff and Wall, 2020).
The importance of locational advantages has been well mentioned in global economy (Majocchi and Presutti, 2009) and explains partly the hierarchy of MNC global network (van ’t Hoff and Wall, 2020). However, the positions and power of  countries or locations in MNCs investment network has not been fully explored yet (Bolívar et al., 2019). Similarly, in Vietnam, although the majority of foreign direct investment in Vietnam has been found to be low value-added areas and highly distributed (Le and Dang, 2022), roles and relations between provinces have been explored to  a limited extent. Therefore, by using network analysis approach, the study aims to explore roles, relational patterns and power of different provinces in the network created by big subsidiaries of MNCs in Vietnam. The findings of the study can provide policymaker some additional insights of network structure of MNCs locations, thereby making some adjustments in  their investment promotion policies and regional planning.
2. Methodology
2.1 Network analysis approach
Network is a structure composed of components, often called nodes or vertices, and their interactions between them, often called links or edges (Barabasi, in press). Network analysis can reveal core features of a network (Hevey, 2018) and visualize relational patterns especially for small-scale or meso-scale structures (Peel et al., 2022), which makes problem solving become simpler and more tractable (Barabasi, in press). There has been a growing interest in applying network analysis to study complex systems in different scientific domains such as biological, technological and social in order to improve our insights of life phenomena  (cf. Peel et al., 2022). Social network analysis was first applied to international trade research by Serrano and Boguna (2003) and more recently it has been increasingly applied to study foreign direct investment network – a collection of direct investment between countries (Li et al., 2024).
Network analysis is concerned with the estimation of network indicators (Peel et al., 2022) such as size, degree, average shortest path, density, clustering coefficient, correlations or  maximum modularity. Size of the network – the simplest indicator- is number of nodes or components in the network. Node degree is number of links to that node. The higher node degree is, the more central the node is in the network. The centrality of a node also depends on its betweenness (the extent to which a node lies between other nodes) and closeness (the average shortest distance from a node to others) (Lu et al., 2024). Network degree is a sum of node degrees (Scott, 2005). Density  - one of the most commonly used indicator– represents the tightness of connection among nodes in a network. Density is measured through the formula 2L/N(N-1) in which L is the network degree or number of links and N is number of nodes in the network (Scott, 2005). The shortest path or distance between two nodes is the path that can connect the nodes with the minimum number of links. Average shortest path length is the average length of all shortest paths between the nodes in a network. The formula for average shortest path length is 2 in which N is number of nodes in the network, d is the distance between two nodes (Li et al., 2024). The shorter path length, the more efficient information is transferred in the network. Clustering coefficient is the probability that “the neighbors of a given node link to each other” and is measured through the formula C(i)=2L(i)/k(i) (k(i)−1) in which L(i) represents the number of links between the k(i) neighbors of node i. C(i) value is between 0 and 1 (Barabasi, in press). The clustering coefficient of the whole network is the average of clustering coefficients of all nodes in the network (Li et al., 2024). Correlations between pairs of nodes in the network reflect their similarity that helps identify hierarchical structure of the network (Scott, 2005). Finally, modularity is “measure of the tendency of a network to be organized into assortative groups” (Peel et al., 2022:9). 
2.2 Construction of network for the study
Sample data was collected from the Trade and Market Intelligence Section’s website. The dataset for Vietnam contains 2141 MNCs from 59 countries. However, to reduce heterogeneity in the sample data, the study included only MNCs of which  subsidiaries employ a number of employees of 1000 and above. Therefore, the dataset includes 313 MNCs from 29 countries located in 38 provinces. From this dataset, the study constructed unweighted adjacency matrix of provinces based on MNCs linkages. A graph of this adjacency matrix is visualized and isolated nodes are removed because the estimation of network indicators is only meaningful for a connected network. 
2.3 Network software
The study  used Matlab (2023b) software to estimate and visualize the network of provinces.
3. Results
3.1 Network size and connectivity
The final province network consists of 19 nodes and 37 links (Figure 1). One third of nodes has degree of 1 (Figure 2). Network density and clustering coefficient are pretty low (less than 0.3 and 0.5 respectively), while average shortest path is as high as average degree (see Table 1 for more details). These numbers indicate low connectivity between provinces in the network.
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Figure 1: network of province










Figure 2: Degree distribution of the network
	
Table 1: General network indicators

	No
	Network indicator
	Value

	1
	Average Degree
	3.89

	2
	Density
	0.22

	3
	Clustering coefficient
	0.40

	4
	Average shortest path
	3.69



 3.2 Network centrality and community
Figure 1 and figure 2 show that FDI location network is hierarchical with core-periphery structure. Binh Duong has the highest degree in the network, followed by Ha Noi, Bac Ninh, Dong Nai and Ho Chi Minh respectively. However, clustering coefficient of these core nodes is all less than 0.5 (see table 2). This means that although these nodes (provinces) seem to hold centrality position in the network, there are still structural holes around them. 
The study was able to separate the network into 4 clusters (see Table 2 for details). Between clusters, cluster 4 and 3 are much bigger than the other two groups. Within cluster, cluster 3 and 1 are more similar in term of geographical proximity than the other two groups. While more than 80% provinces in cluster 3 are located in the northern part of Vietnam, 75% provinces in cluster 1 are located in the southern region of Vietnam. Moreover, only cluster 3 has two hubs which are  the second and third highest degree node (Ha Noi and Bac Ninh). 
	Table 2: Centrality and modularity

	ID
	Province
	Degree
	Betweenness
	Clustering Coefficient
	Modularity

	1
	'Bac Giang'
	1
	0.00
	0.00
	3

	2
	'Bac Ninh'
	8
	21.00
	0.36
	3

	3
	'Ben Tre'
	2
	0.00
	1.00
	1

	4
	'Binh Duong'
	11
	54.07
	0.25
	4

	5
	'Da Nang'
	4
	1.07
	0.67
	4

	6
	'Dak Nong'
	1
	0.00
	0.00
	1

	7
	'Dong Nai'
	7
	25.08
	0.29
	2

	8
	'Ha Nam'
	3
	0.00
	1.00
	3

	9
	'Ha Noi'
	9
	44.57
	0.28
	3

	10
	'Hai Duong'
	4
	1.57
	0.67
	3

	11
	'Hai Phong'
	4
	1.83
	0.50
	4

	12
	'Ho Chi Minh'
	7
	28.40
	0.33
	1

	13
	'Hue'
	1
	0.00
	0.00
	2

	14
	'Hung Yen'
	3
	1.17
	0.67
	4

	15
	'Phu Tho'
	1
	0.00
	0.00
	4

	16
	'Quang Nam'
	1
	0.00
	0.00
	4

	17
	'Quang Ngai'
	4
	1.25
	0.67
	4

	18
	'Thai Nguyen'
	2
	0.00
	1.00
	1

	19
	'Tien Giang'
	1
	0.00
	0.00
	3



3.3 Structural equivalence analysis
The study calculated correlation between all pairs of nodes in the network. The correlation of the correlation was then calculated and repeated 50 times until all values in the correlation matrix reached value of 1 (the exactly same pattern of affiliations) and -1 (completely different pattern of affiliations) (see appendix 1 for correlation coefficient matrix). 
In pairwise comparison, the correlation matrix indicates that one province holds an equivalent position to many provinces in the network. Within modularity comparison, among 5 core nodes (nodes with degree higher than average degree), only Bac Ninh and Ha Noi do not hold equivalent positions to other lower degree nodes. Particularly, although modularity 2 has only 2 nodes (Dong Nai and Hue), these two nodes are not only geographically distant but also structurally different.
3.4 Network robustness
Network robustness is the ability of a network to remain resilient or stable when its nodes or links are removed (Bellingeri et al., 2019). To measure network robustness, the study removed the highest degree node one by one from the network and calculated changes in network efficiency.
Network efficiency is calculated through the formula: Eff=   in which N is the total number of nodes and d(i,j) is the shortest path between node i and node j.  Decline rate of network efficiency is defined as: R= 1-Eff(i)/Eff(0) in which Eff(i) is network efficiency when removing node (i) and Eff(0) is initial network efficiency. The bigger the decline rate, the faster network falls apart, and the more important the node is (Liu et al., 2016).
Figure 3 indicates that network efficiency declines rapidly as the number of removed node increases and collapses after removing 5 nodes. Removing the first highest degree node makes network efficiency decrease by 22%. The decline rate experienced the most dramatical change when removing the fourth node (or Dong Nai), and the least change when removing the third node (Bac Ninh).










Figure 3: The decline rate of network efficiency.
4. Discussion and conclusion
Due to increased competition, multinational firms has increasingly dispersed their operations around the world (van ’t Hoff and Wall, 2020). Their selection of production location is influenced by their corporate strategies (cf. Mehmood et al., 2023) and different locational variables such as culture, infrastructure, labor and institutions (Bettarelli and Resmini, 2022; van ’t Hoff and Wall, 2020). Within a nation, this location decision naturally creates a network of provinces or cities that are connected with each other through owner-subsidiary links (Mehmood et al., 2023). This connection could influence the relation between provinces, promote regional cooperation  (Mehmood et al., 2023) as well as facilitate systematic risk sharing (Masi and Ricchiuti, 2020).
Overall, the study found that the network of provinces as a result of investment of MNCs in Vietnam is loosely connected with only a few hubs located mostly in southern region. There is also structural hold around these hubs. This network structure may make the overall network more vulnerable to systematic risk (Masi and Ricchiuti, 2020). The network efficiency declined sharply even when only one core node is removed. Binh Duong and Dong Nai appear to be important nodes in the network because the decline rate of network efficiency dramatically changed when removing them from the network. Between sub-groups of the network, having two high degree nodes makes cluster of 5 provinces in northern region (Ha Noi, Bac Ninh, Bac Giang, Ha Nam, Hai Duong) and 1 southern province (Tien Giang) less vulnerable to systematic risk than others.
Network centrality analysis also reveals two interesting results. First, although Ho Chi Minh has the highest number of MNCs, it does not hold the most powerful position in  the network. That position belongs to Binh Duong, even though the number of MNCs in Binh Duong is approximately twice less than that of Ho Chi Minh. This result implies that although Ho Chi Minh and Ha Noi are considered to be two biggest FDI attractors in the government’s regional planning (Kim, 2023), Binh Duong may appear to be more effective in promoting regional economic integration. Second, although it is possible to divide provinces into different clusters, majority of provinces in the same cluster are geographically distant from one another. This finding is consistent with other FDI network findings in which distant connections dominate economic ties between cities such as Mehmood et al. (2023). MNCs are more likely to look for economic proximity and effective collaboration with local government when geographical proximity increases (Bettarelli and Resmini, 2022). Structural equivalence analysis provides additional insights of relational patterns among networked provinces. High similarity between pairs of provinces regardless of geographical distance suggests lack of place-specific differentiations and potential competition among provinces in terms of foreign direct investment attractiveness. However, it may indicate to some extent low costs of adaptation or monitoring costs for MNCS if they want to diversify their operations in different provinces in Vietnam (Alcaraz et al., 2020).
Based on these findings and network theory, the study has two suggestions. First, at provincial level, central provinces should continue to strengthen their economic and business environment, while peripheral provinces should strengthen their relational ties with core provinces to gain economic contagion. Peripherial provinces should also identify and emphasize their local differentiated advantages in their investment promotion policies. Second, at national level, the government can mitigate economic inequalities among regions identified by some scholars such as Kim (2023), promote regional integration and minimize systematic risk such as epidemic by developing one hub or core province in middle region, identifying pairs of connected provinces through MNCs linkages such as Da Nang and Hai Phong, Da Nang and Phu Tho and promoting  sharing, learning or relation between them. However, these suggestions should be considered as directional only. Future research should include changes of network indicators over time and other locational variables such as culture or institution to have a better picture of connectivity and efficiency of overall network as well as importance of each province in the network. As a result, more detailed policy suggestions  can be made.
	
	'Bac Giang'
	'Bac Ninh'
	'Ben Tre'
	'Binh Duong'
	'Da Nang'
	'Dak Nong'
	'Dong Nai'
	'Ha Nam'
	'Ha Noi'
	'Hai Duong'
	'Hai Phong'
	'Ho Chi Minh'
	'Hue'
	'Hung Yen'
	'Phu Tho'
	'Quang Nam'
	'Quang Ngai'
	'Thai Nguyen'
	'Tien Giang'

	'Bac Giang'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Bac Ninh'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Ben Tre'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Binh Duong'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Da Nang'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Dak Nong'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Dong Nai'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Ha Nam'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Ha Noi'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Hai Duong'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Hai Phong'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Ho Chi Minh'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Hue'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1

	'Hung Yen'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Phu Tho'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Quang Nam'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Quang Ngai'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Thai Nguyen'
	-1
	1
	1
	-1
	1
	1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	1
	1
	1
	1
	-1

	'Tien Giang'
	1
	-1
	-1
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1


Appendix 1: correlation coefficient matrix

References
Alcaraz, J., Salamanca, E. & Regalado-Pezúa, O. (2020). Ethnic networks and multinational firms’ location decisions. Review of International Business and Strategy, 30(2), 279-298. https://doi.org/10.1108/RIBS-11-2019-0152
Barabasi, A.L. Network science. Available at http://networksciencebook.com/ (accessed 28 April 2024)
Bellingeri, M., Bevacqua, D., Scotognella, F. & Cassi, D. (2019). The heterogeneity in link weights may decrease the robustness of real-world complex weighted networks. Scientific Reports, 9, 10692. https://doi.org/10.1038/s41598-019-47119-2
Bettarelli, L. & Resmini, L. (2022). The determinants of FDI: a new network-based approach”, Applied Economics, 54(45), 5257-5272. https://doi.org/10.1080/00036846.2022.2041184
Blomstrom, M. & Sjoholm, F. (1999). Technology transfer and spillovers: Does local participation with multinationals matter?. European Economic Review, 43(4-6), 915-923. https://doi.org/10.1016/S0014-2921(98)00104-4
Bolívar, L.M.,  Casanueva, C. & Castro, I. (2019). Global foreign direct investment: A network perspective. International Business Review, 28(4), 696-712. https://doi.org/10.1016/j.ibusrev.2019.01.007.
Hevey, D. (2018). Network analysis: a brief overview and tutorial.  Health Psychology and Behavioral Medicine, 6(1), 301-328. https://doi.org/10.1080/21642850.2018.1521283
Kim, H.M. (2023). Foreign direct investment and urban growth in Vietnam: spatial, economic, and demographic perspectives. Asian Geographer. https://doi.org/10.1080/10225706.2023.224494
Le, T.N. & Dang, T.T. (2022). An integrated approach for evaluating the efficiency of FDI attractiveness: evidence from Vietnamese provincial data from 2012 to 2022.  Sustainability, 14, 13140. https://doi.org/10.3390/su142013140
Li, B., Shi, Z. & Guo, W. (2024). The global foreign direct investment network: evolution and influencing factors. Kybernetes, 53(3), 841-861. https://doi.org/10.1108/K-05-2022-0774.
Liu, J., Xiong, Q., Shi, W., Shi, X. & Wang, K. (2016). Evaluating the importance of nodes in complex networks.  Physica A: Statistical Mechanics and its Applications, 452, 209-219. https://doi.org/10.1016/j.physa.2016.02.049.
Lu, S., Chen, N., Zhou, W. & Li, S. (2024). Impact of the belt and road initiative on trade status and FDI attraction: A local and global network perspective. International Review of Economics & Finance, 89(Part A), 1468-1495. https://doi.org/10.1016/j.iref.2023.09.003.
Majocchi, A. & Presutti, M. (2009). Industrial clusters, entrepreneurial culture and the social environment: The effects on FDI distribution.  International Business Review, 18, 76–88. https://doi.org/10.1016/j.ibusrev.2008.12.001
Masi, G.D. & Ricchiuti, G. (2020). From FDI network topology to macroeconomic instability. Journal of Economic Interaction and Coordination, 15, 133–158. https://doi.org/10.1007/s11403-019-00275-0
Mehmood, M.Y., Haqqani, S.J., Zaidi, F. & Rozenblat, C. (2023). Economic hubs and the domination of inter-regional ties in world city networks. Social Network Analysis and Mining, 13(125), 1-12. https://doi.org/10.1007/s13278-023-01134-4
Peel, L., Peixoto, T.P. & De Domenico, M. (2022). Statistical inference links data and theory in network science. Nature Communications, 13, 6794. https://doi.org/10.1038/s41467-022-34267-9
Rugraff, E. & Hansen, M.W. (2011). Multinational corporations and local firms in emerging economies.  Amsterdam University Press: Amsterdam.
Scott, J. (2005), Social network analysis, Sage Publication: Great Britain.
Trade and Market Intelligence Section. Investment map for better foreign investment attraction and targeting. Available at: https://www.investmentmap.org/affiliates/by-affiliate (accessed 10 April 2024)
van ’t Hoff, M. & Wall, R. (2020). Business districts: the spatial characteristics of FDI within cities. European Planning Studies, 28(2), 273–295. https://doi.org/10.1080/09654313.2019.1651830 
Yehoue, E.B. (2009). Clusters as a driving engine for FDI. Economic Modelling,  26, 934–945. https://doi.org/10.1016/j.econmod.2009.03.006









Degree distribution




Total	1	2	3	4	7	8	9	11	6	2	2	4	2	1	1	1	Degree


Frequencies



Decline rate 	1	2	3	4	5	6	0.22460818237329749	0.43658406269082184	0.520480103806229	0.83376173999011405	0.89596562606943253	0.95448496140537675	Number of nodes removed 


Decline rate of network efficiency



image1.png
©Dak Nong # Thai Nguyen

~® Ha Nam
|

‘ _®Bac Giang

|
_ ®HaiDuong

®BenTre

~ ®Tien Giang

®Quang Nam

®Phu Tho





