Supplementary Information
Model Calibrating
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: _Hlk54048637][bookmark: _GoBack][bookmark: _Hlk54654293][bookmark: _Hlk54048751][bookmark: OLE_LINK18]In order to implement the modelling framework described in Methods, the unknown parameters, , RCs and TCs, need to be estimated against the grain transport related observations. According to Liang et al. (2007), Chen et al. (2014) and National Railway Administration (2015), the average cost for road transport was about 0.5-0.6 Chinese yuan per ton-km (CNY/ton-km), and the average cost for rail and water transport were 0.15 CNY/ton-km and 0.04 CNY/ton-km before 2015. Thus the  and  were estimated as 0.25 and 0.10, respectively.  is the parameter of distance impedance function; a higher  would cause a lower average transport distance as it would reduce the preference for long-distance transport. The TCs and  would jointly impact the average transport distance and market share of railway/waterway; however, the impacts of TCs on total ton-km of grain and the proportion of inter-provincial transport are quite limited. Results suggest that given any specific beta value, the percentage of grain transported by rail decreases and the average grain transport distance by rail increases with increasing TC. Higher TCs discourage the rail transport of grain, especially short-distance rail transport, thus leading to lower percentages and higher average distances of grain transport by rail (Fig S1).  
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Figure S1 a) Change of total ton-km of grain transport by and , b) Change of proportion of inter-provincial flows by and , c) Change of market share of railway in grain transport by  and , and d) Change of average distance of rail transport by  and .

According to NBSC (2019) and National Development and Reform Commission (NDRC, 2017), the percentage of grain transport by rail dropped fast since 2009, although the capacity of Chinese railway has kept growing during the last decades. To catch the general trend, here we used the 5-year average value instead of the single observation in 2015 to calibrate the model; thus, the percentage of grain transported by rail was set as 13%, and the average distance by rail was set as 1800 km in the calibrating process. For waterway, 40% of inter-provincial transport of grain were transported by inland or coastal waterway, which was adopted to calibrate . 
In practice, we adopted the exhaustive searching approach to identify the best-fit TCs and  values. By enumerate all possible TC and  values, we ran the model with different TC- combinations and estimated the "percentage of grain by rail transport" and the "average transport distance by rail" based on different modelling results (Figure S1). By comparing the modelling results and the observed value from NBSC/NDRC, we obtained the best-fit , , which are 200km and 50km road distance equivalent, respectively, and the best-fit  which is 0.07. We further obtained the scale of total inter-provincial flow and the market-share of the railway in the inter-provincial transport of grain to validate the model. Table S1 shows the relevant statistics from NBSC/NDRC against the modelling results. The relatively small error indicates that the modelling results are acceptable for further analysis.
Table S1 Key metrics for observed and modelled values
	Statistics for 2015
	Observed
	Modelled
	Error（%）

	Inter-Provincial Flow of Grain（million ton）
	165.00
	168.03
	1.81

	% Inter-Provincial Flow of Grain by Railway
	50.00
	51.68
	3.36

	% Inter-Provincial Flow of Grain by Waterway
	40.00
	40.13
	0.32

	Total Grain Transport by Rail (million ton)
	87.71
	87.48
	-0.26

	Average Transport Distance by Rail (km)
	1795.89
	1972.17
	9.81
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