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Network construction

The financial network was represented as a directed weighted graph where the nodes represent the financial institutions (“firms”) and the links between them the ownership. We started to build the graph with all the nodes present and a few (1% of the desired number of edges) random edges. Each node was assigned an identification number, ranging from 0 to N (the total number of firms). Then the remaining edges to reach the desired network density were added following an iterative preferential attachment procedure:
1. Calculate the current topological indices of the network.
2. Calculate the effect that a new link would have on all topology indices for all potential links.
3. Assign link probabilities to all potential links according to steps 1 and 2 and sample the link.
4. Repeat 1-3 until desired network density is reached.
The topological indices were calculated as follows:
Degree heterogeneity was calculated following (1)as a function of the degrees of the nodes (k) of each link:

Modularity expressed the number of links than fall within a given community (cluster) compared to the expected (random) value (2):
	

The crux in modularity calculation is the detection of the community structure that maximizes modularity, which is a NP-hard problem. For the statistical analysis modularity has been calculated with the igraph library (3) of the R-project, using the walktrap-algorithm (4)for community detection. However, this approach was too expensive in computational time to use it within the network construction; therefore, it was calculated from pre-assigned clusters with density-dependent size.
The contribution of each potential link to heterogeneity was zero if the link already existed or i=j, and otherwise:



Where ki and kj are the corresponding degrees of nodes i and j, HT the desired heterogeneity, HD the current heterogeneity and ah an even number scaling parameter.
The contribution of each potential link for modularity was zero if the link already existed or i=j, and otherwise:


Where “^” is the bitwise XOR Operator which copies the bit if it is set in one operand but not both and ID is a consecutive identification number ranging from 0 to NThis is a short way of establishing a hierarchical binary clustering tree. For instance, the binary equivalent of the decimal number “1” is “0000 0001”, of  “2” “0000 0010”. Applying the bitwise XOR operator to these two numbers gives “0000 0011” or “3” in decimal numbers. So one can define the “clustering difference” as the decimal outcome of the bitwise XOR operator. The “clustering differences” for 128 nodes are plotted in supplementary figure 1.
The probability to be sampled is simply the sum of Mp and Hp. The sum can be weighted if one wants to give higher priority to either of the topology indices.

The Use of the Model 
The graphical interface allows the user to easily set the parameters of the model (supplementary figure 2). Some parameters apply to the network as a whole, e.g. network density. In others one can choose the distribution among firms, for instance firm size can be selected to be sampled from a normal distribution with mean x and standard deviation σ.  The user can specify the number of simulations, as well as network- and shock- replications. If preferred, parameters can also be read from an external file. Also networks can be read from several standard file formats. The outputs include a summary file with a line for each parameter set, a “pajek” or “graphml” representation of the network, the adjacency matrix as a text file and a list of all shocks and their impact. The model is freely available on request.

Corporate ownership data experiment
The data for the analysis of the network of corporate ownership was obtained from the Orbis data base and corresponds to the core of the bow-tie structure identified by (5). It containes 1318 nodes and 8577 directed links between them. From the original database it was not clear how many of the links represented direct or indirect ownership. In this experiment all links were treated as directed. Firm size (I) was set proportional to the reported operational revenue, or, when this was absent or negative, sampled from the distribution that best fitted the present data. When the weight of the outgoing links of one firm summed more than one, they were normalized. Links were removed in steps of 100, between which the network was exposed to shocks, the defaults counted and all values reset. When removing the links with the highest betweeness or heterogeneity, these values were calculated before each step. 
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