
Supplement of Geosci. Model Dev., 13, 6077–6092, 2020
https://doi.org/10.5194/gmd-13-6077-2020-supplement
© Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License.

Supplement of

Simulating second-generation herbaceous bioenergy crop yield using the
global hydrological model H08 (v.bio1)
Zhipin Ai et al.

Correspondence to: Zhipin Ai (ai.zhipin@nies.go.jp)

The copyright of individual parts of the supplement might differ from the CC BY 4.0 License.



Table S1. Different types of simulations in this study. 5 
 
 

ID Water management Model  Meteorological dataset Purpose  
1 Rainfed  Original model WFDEI To evaluate the performance of the 

original H08. 
2 Rainfed  Enhanced model WFDEI To evaluate the performance of the 

enhanced H08 under rainfed 
condition. To calculate water use 
efficiency. 

3 Irrigated  Enhanced model WFDEI To evaluate the performance of the 
enhanced H08 under irrigated 
condition. To calculate water use 
efficiency. 

4 Rainfed  Enhanced model S14FD To investigate the variability of the 
result. 



Table S2. Location and yield of the sites for Miscanthus (specified in Fig. 4) under rainfed condition. 
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ID Country Longitude Latitude 
Minimum 
yield  
[t ha-1 yr-1] 

Maximum 
yield 
[t ha-1 yr-1] 

Mean  
yield 
[t ha-1 yr-1] 

Reference 

1 Indonesia  107.70  -7.00  31.9 31.9 31.9  Blair et al. 1986 

2 US -97.10  36.10  12.4 13.1 12.8  Aravindhakshan et al. 2010 

3 US -88.67  37.45  18.0 42.3 30.2  Arundale et al., 2014a, 2014b; 
Heaton et al., 2008 

4 Turkey 33.23  38.17  1.50  13.19  7.0  Acaroğlu and Aksoy, 2005 

5 US -88.39  38.38  19.00  47.00  31.4  Arundale et al., 2014a, 2014b; 
Heaton et al., 2008 

6 US -90.82  39.81  12.00  36.00  25.0  Arundale et al., 2014a, 2014b; 
Heaton et al., 2008 

7 US -88.23  40.08  22.0 45.5 33.8  Arundale et al., 2014a; Heaton et al., 
2008 

8 US -88.19  40.17  17.00  24.10  20.6  Wang et al., 2012 

9 US -88.85  41.85  5.00  29.90  17.3  Arundale et al., 2014a, 2014b; 
Heaton et al., 2008 

10 Italy 10.32  43.67  9.00  48.00  26.2  Angelini et al., 2009; Ercoli et al., 
1999; o Di Nasso et al., 2011 

11 Switzerland 9.13  47.57  14.00  14.00  14.0  Poeplau and Don, 2014 

12 Germany 10.00  48.00  20.00  20.00  20.0  Lewandowski and Heinz, 2003 

13 Austria 14.22  48.11  15.50  24.50  20.0  Schwarz, 1993 

14 Germany 9.97  48.13  12.70  16.50  15.0  Lewandowski and Kicherer, 1997 

15 Austria  14.15  48.14  13.20  24.40  18.8  Schwarz, 1993 

16 Austria  16.39  48.18  0.80  21.50  12.5  Schwarz, 1993 

17 Austria  15.55  48.19  2.00  23.84  14.9  Schwarz, 1993; Schwarz et al., 
1994a 

18 Austria 15.00  48.30  17.4 24.5 21.0  Schwartz, 1993 

19 Germany 11.54  48.31  0.41  20.88  12.6  Schwarz et al., 1994b 

20 Germany 10.26  48.49  1.11  23.42  13.4  Schwarz et al., 1994b 

21 Germany 11.63  48.60  0.28  20.43  10.2  Schwarz et al., 1994b 

22 Germany 9.00  48.70  19.9 26.4 23.2  Clifton-Brown et al., 2001a 

23 Germany 8.93  48.73  14.50  18.00  16.3  Boehmel et al., 2008 

24 Germany 8.92  48.75  5.60  30.50  13.7  Gauder et al., 2012 

25 Germany 9.19  48.78  0.51  22.54  11.2  Schwarz et al., 1994b 

26 Germany 8.10  49.00  17.00  17.00  17.0  Lewandowski el al., 2003 

27 Germany 6.72  49.82  15.00  15.00  15.0  Poeplau and Don, 2014 

28 France 3.00  49.87  19.00  28.00  23.1  Strullu et al., 2011 

29 France 3.01  49.87  14.30  28.40  22.2  Cadoux et al., 2014 

30 Germany 9.90  49.90  6.2 19.8 13.0  Kahle et al., 2001 

31 Germany 10.77  50.97  15.00  15.00  15.0  Poeplau and Don, 2014 

32 Blegium 3.80  51.00  0.50  25.70  12.1  Muylle et al., 2015 

33 UK -1.26  51.10  0.80  23.50  14.5  Price et al., 2004 

34 Poland 22.63  51.23  0.44  29.43  13.1  Borkowska and Molas, 2013 

35 Germany 6.70  51.50  17.5 28.8 23.2  Heaton et al. 2008 

36 Germany 6.70  51.52  1.00  20.70  12.5  Himken et al., 1997 

37 Germany 7.62  51.78  1.47  18.44  10.0  Schwarz et al., 1994b 

38 UK -0.40  51.80  9.8 17.8 13.8  Christian et al. 2008  

39 UK -2.64  51.80  13.00  24.00  18.0  Price et al., 2004 

40 UK -0.35  51.80  0.10  18.70  9.1  Clifton-Brown et al., 2001a 

41 UK -0.36  51.82  12.00  14.50  12.9  Richter et al., 2008 



42 UK -0.62  52.01  13.70  16.20  15.0  Richter et al., 2008 

43 UK -0.03  52.25  0.20  17.00  10.6  Price et al., 2004 

44 Poland 16.92  52.42  5.50  23.70  11.2  Jezowski, 2008; Jezowski et al., 
2011 

45 UK 0.09  52.42  11.50  22.50  18.4  Price et al., 2004 

46 UK -4.02  52.43  0.30  17.20  10.6  Zatta et al., 2014 

47 Germany  10.80  52.60  8.8 13.5 11.2  Kahle et al. 2001 

48 Germany 8.26  52.61  2.10  20.02  10.1  Schwarz et al., 1994b 

49 Germany 10.81  52.62  3.72  23.89  14.2  Schwarz et al., 1994b 

50 Ireland -7.83  52.65  4.20  16.30  11.5  Clifton-Brown et al., 2001b 

51 Ireland -7.27  52.67  2.00  15.80  9.4  Clifton-Brown et al., 2001b 

52 Germany 8.81  52.68  3.46  19.01  9.6  Schwarz et al., 1994b 

53 Netherlands 7.06  52.88  21.8 21.8 21.8  van der Werf et al. 1993 

54 UK -3.78  53.22  14.90  22.20  18.6  Price et al., 2004 

55 Netherlands 6.95  53.30  13.00  13.00  13.0  Poeplau and Don, 2014 

56 Poland 19.38  53.78  5.80  28.00  13.8  Jezowski et al., 2011 

57 Germany  12.60  53.90  7.5 12.6 10.1  Kahle et al. 2001; Beuch et al., 2000 

58 UK -1.11  54.12  0.50  13.00  7.8  Price et al., 2004 

59 UK -0.64  54.12  0.50  16.00  7.3  Price et al., 2004 

60 Denmark 9.12  54.90  6.20  14.00  10.0  Schwarz et al., 1994b 

61 Sweden 14.00  56.00  0.10  24.70  6.6  Clifton-Brown et al., 2001a 

62 UK -3.06  56.46  10.20  10.20  10.2  Richter et al., 2008 

63 Denmark 9.60  56.50  9.7 16.8 13.3  Clifton-Brown et al. 2001a, 2004; 
Lewandowski el al., 2003 

64 Denmark 9.40  56.80  7.7 8.9 8.3  Jørgensen, 1997 

 
 



Table S3. Location and yield of the sites for switchgrass (specified in Fig. 4) under rainfed condition. 
 

ID Country Longitude Latitude 
Minimum 
yield  
[t ha-1 yr-1] 

Maximum 
yield 
[t ha-1 yr-1] 

Mean  
yield 
[t ha-1 yr-1] 

Reference 

1 US -97.70  28.45  4.50  13.00  7.8  Muir et al., 2001 

2 US -89.94  30.30  6.00  16.00  10.1  Arundale et al., 2014a, 2014b; Heaton 
et al., 2008 

3 US -87.32  32.00  1.52  12.07  5.9  Bransby et al., 1990 

4 US -98.20  32.23  1.50  21.50  9.9  Muir et al., 2001; Sanderson et al., 
1999 

5 US -85.90  32.44  3.71  34.60  11.3  Ma et al., 2001; Sladden et al., 1991 

6 US -85.65  32.82  3.43  9.67  7.0  Bransby et al., 1990 

7 US -87.87  33.88  0.44  13.39  8.4  Bransby et al., 1990 

8 US -85.97  34.28  2.04  9.93  5.9  Bransby et al., 1990 

9 US -88.90  35.60  7.8 16.9 12.4  Lemus, 2004  

10 US -78.70  35.70  5.1 16.7 10.9  Lemus, 2004  

11 US -83.95  35.88  11.40  23.20  18.0  Reynolds et al., 2000 

12 US -84.00  35.90  11.2 24.9 18.1  Lemus, 2004  

13 US -97.07  36.12  8.31  13.82  11.0  Aravindhakshan et al., 2011 

14 China 109.32  36.85  2.36  16.55  8.6  Xu et al., 2005, 2008 

15 US -78.23  36.92  5.20  8.60  7.5  Parrish et al., 1990 

16 US -87.80  37.10  8.4 17.0 12.7  Lemus, 2004  

17 US -80.40  37.20  9.5 27.4 18.5  Lemus, 2004  

18 US -88.67  37.45  7.80  18.00  11.2  Arundale et al., 2014a, 2014b; Heaton 
et al., 2008 

19 China 118.49  37.46  3.46  4.51  3.8  Gao et al., 2016: 

20 US -77.97  38.02  7.00  16.20  11.6  Parrish et al., 1990:  

21 US -78.10  38.20  11.2 20.4 15.8  Lemus, 2004  

22 US -88.39  38.38  4.00  16.00  11.4  Arundale et al., 2014a, 2014b; Heaton 
et al., 2008 

23 US -88.96  38.95  4.00  15.00  9.7  Arundale et al., 2014a; Heaton et al., 
2008 

24 China 113.18  39.55  4.40  9.30  6.9  Xiong et al., 2008 

25 US -79.90  39.60  12.8 20.5 16.7  Lemus, 2004  

26 US -90.82  39.81  8.00  15.00  10.3  Arundale et al., 2014a, 2014b; Heaton 
et al., 2008 

27 US -75.38  39.92  2.82  12.50  7.0  Stout et al., 1988 

28 US -96.77  39.99  1.90  15.69  6.2  Sanderson et al., 1999 

29 US -88.23  40.08  10.60  18.00  14.1  Arundale et al., 2014a; Heaton et al., 
2008 

30 China 116.12  40.19  4.20  5.90  5.2  Hou et al., 2010 

31 US -78.00  40.70  3.3 9.4 6.4  Sanderson, 2008 

32 US -93.42  40.97  5.80  17.40  10.2  Anderson et al., 1994 

33 US -93.40  41.00  6.8 13.1 10.0  Lemus et al., 2002 

34 US -83.07  41.37  2.30  7.70  5.1  Wright, 1990; Wright and Turhollow, 
2010 

35 US -83.05  41.50  3.00  9.00  5.4  Wright, 1990; Wright and Turhollow, 
2010 

36 US -88.85  41.85  4.00  14.10  9.0  Arundale et al., 2014a, 2014b; Heaton 
et al., 2008 

37 US -88.90  41.90  10.4 12.5 11.5  Heaton et al., 2008 

38 US -100.00  42.00  5.0 7.4 6.2  Schmer et al., 2010  

39 US -93.77  42.02  4.90  15.90  9.6  Anderson et al., 1994 

40 US -76.45  42.45  0.89  13.11  6.7  Pfeifer et al., 1990 



41 US -77.00  42.87  1.17  7.60  4.4  Pfeifer et al., 1990 

42 US -99.80  43.70  0.8 5.9 3.4  Mulkey et al., 2006 

43 US -100.00  44.00  4.2 8.8 6.5  Schmer et al., 2010  

44 US -96.70  44.20  1.0 6.0 3.5  Mulkey et al., 2006  

45 US -100.00  44.28  5.00  5.00  5.0  Hong et al., 2013 

46 US -96.77  44.32  7.50  7.50  7.5  Hong et al., 2013 

47 Italy 11.50  44.40  7.9 11.5 9.7  Di Virgilio et al., 2007 

48 US -73.75  45.47  1.65  17.21  9.6  Madakadze et al., 1998a, 1998b, 
1998c; 1999 

49 US -95.88  45.60  4.80  4.80  4.8  Hong et al., 2013 

50 US -97.23  46.65  3.50  12.80  9.4  Meyer et al., 1994 

51 US -97.02  46.95  7.30  10.30  9.0  Meyer et al., 1994 

52 US -100.00  47.00  5.6 5.8 5.7  Schmer et al., 2010  

53 Germany 8.93  48.73  8.00  14.00  11.3  Meyer et al., 1994 

54 Blegium 3.80  51.00  2.50  15.90  9.9  Muylle et al., 2015 

55 UK -0.35  51.80  1.19  13.97  6.8  Christian et al., 2002 
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Table S4. Location and yield of the sites for Miscanthus and switchgrass (specified in Fig. S1) under irrigated condition. 
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ID Country Longitude Latitude 
Minimum 
yield  
[t ha-1 yr-1] 

Maximum 
yield 
[t ha-1 yr-1] 

Mean  
yield 
[t ha-1 yr-1] 

Reference 

1 China 108.06  34.27  3.5  44.2  16.7  Ma et al., 2011 
2 China 106.47  36.01  2.8  10.6  6.2  Ma et al., 2011 
3 Italy 14.35  37.38  1.2  30.6  18.0  Mantineo et al., 2009 

4 Italy 15.06  37.42  3.9  27.0  16.7  Cosentino et al., 2007 

5 Turkey 32.5 38.0 12.0 13.2 12.6 Acarglu and Aksoy, 2005  

6 Portugal -9.22  38.72  4.6  37.8  17.1  Clifton-Brown et al., 2001a 

7 Greece 22.75  39.40  20.0  31.4  25.6  Danalatos et al., 2007 

8 France 3.00  49.88  4.8  32.5  7.7  Zub et al., 2011 

9 UK 0.40  51.70  8.3  19.7  14.0  Beale and Long, 1995 

10 UK 0.43  51.73  19.4  19.4  19.4  Beale and Long, 1995 



Table S5. Sensitivity analysis results of the parameters for (a) Miscanthus and (b) switchgrass 25 

Parameter 
Sensitivity index 

Miscanthus switchgrass 

be  0.60  1.27  

Tb 0.40  0.66  

blai 0.03  0.17  

Hunmax 0.21  0.02  

TSAW 0.07  0.00  

 



 

Fig. S1   Variation of the RMSE and corresponding R for the calibration. 



 

Fig. S2   Box plots showing the first (lower line), median (solid line) and third (upper line) quartiles of the yield for observed 30 

(OBS.) and simulated (with meteorological data driven by WFDEI and S14FD) Miscanthus and Switchgrass. The mean value 

is indicated by the red line. 



 

Fig. S3 Independent country-specific comparison of simulated yields from the enhanced H08 model and LPJmL under irrigated 

conditions.35 



 
 

Fig. S4 Country-specific comparison of the simulated yields of Miscanthus and Switchgrass from the enhanced H08 model 

with the ensemble yield of LPJmL under rainfed (a) and irrigated conditions (b), respectively. 
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Fig. S5 Spatial distribution of averaged annual precipitation (mm yr-1) from 1979 to 2016. 
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