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Introduction 
The following Supporting Information discusses the calibration of the rate-and-state parameters (i.e., background seismicity rate  and constitutive parameter ) described in the paper in Section 3.2, and provides additional figures to illustrate the methodology.




S1. Calibration of rate-and-state parameters
S1.1. Motivation
The ordinary differential equation that describes the seismicity rate (Equation 1) is governed by three main parameters, namely the background stressing rate , the background seismicity rate , and a constitutive parameter .  affects the overall amplitude of the seismicity rate (when assumed constant for the area of study) and the ratio  controls the time lag. Ideally,  and  are available (through measurements and monitoring) and  is the only remaining free parameter to be fine-tuned to correctly model the seismicity rate (Hakimhashemi et al., 2014).

In the paper, the background stressing rate is set to  Pa/year as estimated for the Southern Illinois Basin (Hamburger et al., 2010). Although pre-injection monitoring has been carried out at the IBDP site, only eight events were detected in 18 months, and no event of magnitude  was detected. Therefore, in order to be able to model the seismicity rate using the rate-and-state approach, the background seismicity rate must be calibrated along with the constitutive parameter .

S1.2. Objective function
We inverted the rate-and-state parameters using a stochastic evolutionary algorithm called the CMA-ES (Hansen and Ostermeier, 2001). The objective function to minimize is a classical least-square function and is simply written

                                   (S1)

where  is the model vector,  and  are vectors of observed and modeled cumulative number of events, respectively.

S1.3. Sensitivity analysis
The inversion only provides a single set of rate-and-state parameters. Although the parameters used in the paper correspond to the optimal solution (i.e., global minimum of the objective function), these parameters are still subject to uncertainties and their effects on the modeled seismicity rate must be analyzed.

Figure S1 displays the topography of the objective function (in logarithmic scale) around the optimal solution. It shows that for any given value of  (in the range  events/year), the optimal  is rather well defined and lies along a valley of low objective function values (delimited by the red dashed line). However, the objective function only yields comparably low values for  events/year.

In the sensitivity analysis, we regularly sample 30 values of background seismicity rate  between 0.3 and 0.6 events/year. For each value of , we use the optimal  (i.e., along the red dashed line). Figure S2 shows the seismicity rate generated by the 30 realizations (thin blue lines) along with the mean (thick blue line) and the optimal (dashed black line) curves. Globally, it shows that seismicity rate modeled using  events/year would fit the observed seismicity rate comparably well. Outside that range of values, peak amplitudes are less correctly captured and result in larger objective function values.
Figure S1. Topography of the objective function (in logarithmic scale). The black dotted line indicates the global minimum. The red dashed line denotes the valley of low objective function values.
[image: ]
Figure S2. Sensitivity of the modeled seismicity rate with respect to uncertainty in  and . The 30 realizations are represented by the thin blue lines. [image: ]
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