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Figure 13 
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Marginal Cost Functions
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Figure 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 
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Figure 17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Firm 2's output

500

600

700

800

900

1000

1 2 3 4 5 6

M
W

Triopoly Base DLTF PC

(Former) Firm 1's Thermal plants

0

200

400

600

800

1000

1 2 3 4 5 6

M
W

Triopoly Base DLTF PC



 63 

Figure 19 
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Figure 23 
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Figure 25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Firm 2's thermal production (MW)

600

700

800

900

1000

1 2 3 4 5 6
Base DLHF PC DMHF

Former Firm 1 hydro-plants' production, 
MW

0

500

1000

1500

2000

2500

1 2 3 4 5 6
Base DLHF PC DMHF



 67 

Figure 27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fringe's thermal production (MW)

400

410

420

430

440

450

1 2 3 4 5 6
Base DLHF PC DMHF

Price

15

20

25

30

35

40

45

1 2 3 4 5 6

$/
M

W

0%

50%

100%, PC



 68 

Figure 29 
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Total production by Cournot producers 
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Figure 31 
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APPENDIX 1  
1. Base Model, Same slope approach 
A. Competitive Equilibrium (Same slope approach) 

Table A1.1: Competitive equilibrium (E=-0.1) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 665.94 944.40 1610.34 2133.1 0 2133.1 3743.4 690.03 394.46 2406.49 4827.9 26.0 
2 665.94 944.40 1610.34 1802.6 0 1802.6 3412.9 600.43 394.46 1986.36 4407.8 26.0 
3 665.94 944.40 1610.34 1564.1 0 1564.1 3174.4 600.43 394.46 1747.87 4169.3 26.0 
4 665.94 944.40 1610.34 1116.3 0 1116.3 2726.6 600.43 394.46 1300.08 3721.5 26.0 
5 645.03 944.40 1589.43 764.7 0 764.7 2354.1 600.43 394.46 948.48 3349.0 26.0 
6 454.60 944.40 1399.00 743.7 0 743.7 2142.7 595.43 394.46 927.52 3132.6 21.7 

 
Table A1.2: Competitive equilibrium (E=-1/3) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 2133.1 0.0 2133.1 3750.6 693.9 394.46 2406.49 4839.0 29.4
2 673.1 944.4 1617.5 1802.6 0.0 1802.6 3420.1 604.3 394.46 1986.36 4418.9 29.4
3 673.1 944.4 1617.5 1564.1 0.0 1564.1 3181.6 604.3 394.46 1747.87 4180.4 29.4
4 673.1 944.4 1617.5 1116.3 0.0 1116.3 2733.8 604.3 394.46 1300.08 3732.6 29.4
5 673.1 944.4 1617.5 764.7 0.0 764.7 2382.2 603.9 394.46 948.48 3380.5 28.9
6 566.2 944.4 1510.6 743.7 0.0 743.7 2254.4 600.4 394.46 927.52 3249.3 26.0

 
Table A1.3: Competitive equilibrium (E=-0.5) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.10 944.40 1617.50 2133.1 0 2133.1 3750.6 694.61 394.46 2406.49 4839.7 29.9 
2 673.10 944.40 1617.50 1802.6 1 1803.6 3421.1 605.01 394.46 1986.36 4420.5 29.9 
3 673.10 944.40 1617.50 1564.1 2 1566.1 3183.6 605.01 394.46 1747.87 4183.0 29.9 
4 673.10 944.40 1617.50 1116.3 3 1119.3 2736.8 605.01 394.46 1300.08 3736.2 29.9 
5 673.10 944.40 1617.50 764.7 4 768.7 2386.2 604.69 394.46 948.48 3385.3 29.7 
6 673.10 944.40 1617.50 743.7 5 748.7 2366.2 600.79 394.46 927.52 3361.5 26.3 

 
Table A1.4: Competitive equilibrium (E=-2/3) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 2133.1 0.0 2133.1 3750.6 694.9 394.46 2406.49 4840.0 30.2
2 673.1 944.4 1617.5 1802.6 0.0 1802.6 3420.1 605.3 394.46 1986.36 4419.9 30.2
3 673.1 944.4 1617.5 1564.1 0.0 1564.1 3181.6 605.3 394.46 1747.87 4181.4 30.2
4 673.1 944.4 1617.5 1116.3 0.0 1116.3 2733.8 605.3 394.46 1300.08 3733.6 30.2
5 673.1 944.4 1617.5 764.7 0.0 764.7 2382.2 605.1 394.46 948.48 3381.7 30.0
6 673.1 944.4 1617.5 743.7 0.0 743.7 2361.2 602.2 394.46 927.52 3357.8 27.5

 
Table A1.5: Competitive equilibrium (E=-1.0) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.10 944.40 1617.50 2133.1 0 2133.1 3750.6 695.28 394.46 2406.49 4840.3 30.5 
2 673.10 944.40 1617.50 1802.6 0 1802.6 3420.1 605.68 394.46 1986.36 4420.2 30.5 
3 673.10 944.40 1617.50 1564.1 0 1564.1 3181.6 605.68 394.46 1747.87 4181.7 30.5 
4 673.10 944.40 1617.50 1116.3 0 1116.3 2733.8 605.68 394.46 1300.08 3733.9 30.5 
5 673.10 944.40 1617.50 764.7 0 764.7 2382.2 605.53 394.46 948.48 3382.2 30.4 
6 673.10 944.40 1617.50 743.7 0 743.7 2361.2 603.56 394.46 927.52 3359.2 28.7 
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B. Cournot equilibrium (Same slope approach) 
Table A1.6: Cournot equilibrium (E=-0.1) 

t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 0.0 944.4 944.4 1612.3 0.0 1612.3 2556.7 500.3 394.46 274.6 3726.1 98.1 
2 0.0 944.4 944.4 1447.7 0.0 1447.7 2392.1 488.6 394.46 183.8 3459.0 88.1 
3 0.0 944.4 944.4 1328.4 0.0 1328.4 2272.8 480.2 394.46 183.8 3331.3 80.9 
4 0.0 854.9 854.9 1149.3 0.0 1149.3 2004.2 467.6 394.46 183.8 3050.0 70.0 
5 0.0 730.7 730.7 1025.1 0.0 1025.1 1755.9 458.8 394.46 183.8 2792.9 62.4 
6 0.0 636.6 636.6 931.0 0.0 931.0 1567.7 452.2 394.46 183.8 2598.1 56.7 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.7: Cournot equilibrium (E=-1/3) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 133.7 944.4 1078.1 1743.0 0.0 1743.0 2821.1 441.2 394.46 274.6 3931.4 47.2
2 140.1 944.4 1084.5 1572.0 0.0 1572.0 2656.5 437.5 394.46 183.8 3672.3 44.0
3 120.3 944.4 1064.7 1472.6 0.0 1472.6 2537.3 434.9 394.46 183.8 3550.4 41.7
4 122.0 944.4 1066.4 1247.0 0.0 1247.0 2313.4 429.9 394.46 183.8 3321.5 37.4
5 127.0 867.7 994.7 1094.1 0.0 1094.1 2088.8 426.6 394.46 183.8 3093.6 34.6
6 131.9 773.6 905.4 995.1 0.0 995.1 1900.6 424.5 394.46 183.8 2903.3 32.8

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.8: Cournot equilibrium (E=-0.5) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 341.7 944.4 1286.1 1759.9 0.0 1759.9 3046.0 431.7 394.46 274.6 4146.8 39.0 
2 341.7 944.4 1286.1 1595.3 0.0 1595.3 2881.4 429.3 394.46 183.8 3888.9 36.9 
3 341.7 944.4 1286.1 1476.0 0.0 1476.0 2762.1 427.5 394.46 183.8 3767.8 35.3 
4 341.7 944.4 1286.1 1252.1 0.0 1252.1 2538.2 424.1 394.46 183.8 3540.6 32.4 
5 341.7 941.5 1283.2 1067.3 0.0 1067.3 2350.5 421.4 394.46 183.8 3350.1 30.1 
6 341.7 847.4 1189.1 973.2 0.0 973.2 2162.3 420.0 394.46 183.8 3160.5 28.9 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
Table A1.9:Cournot equilibrium (E=-2/3) 

t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 377.7 944.4 1322.1 1768.1 0.0 1768.1 3090.2 429.0 394.46 274.6 4188.3 36.6
2 376.0 944.4 1320.4 1605.2 0.0 1605.2 2925.6 427.1 394.46 183.8 3930.9 35.0
3 378.3 944.4 1322.7 1483.6 0.0 1483.6 2806.3 425.8 394.46 183.8 3810.3 33.9
4 375.8 944.4 1320.2 1262.2 0.0 1262.2 2582.4 423.2 394.46 183.8 3583.9 31.7
5 379.6 944.4 1324.0 1072.2 0.0 1072.2 2396.2 421.1 394.46 183.8 3395.6 29.9
6 378.2 944.4 1322.5 932.5 0.0 932.5 2255.0 419.6 394.46 183.8 3252.8 28.5

# denotes mu ltiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.10: Cournot equilibrium (E=-1.0) 
t qth1# qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 454.6 944.4 1399.0 1768.2 0.0 1768.2 3167.2 426.3 394.46 274.6 4262.5 34.3 
2 454.6 944.4 1399.0 1603.6 0.0 1603.6 3002.6 425.0 394.46 183.8 4005.8 33.2 
3 454.6 944.4 1399.0 1484.3 0.0 1484.3 2883.3 424.1 394.46 183.8 3885.7 32.4 
4 454.6 944.4 1399.0 1260.4 0.0 1260.4 2659.4 422.4 394.46 183.8 3660.1 31.0 
5 454.6 944.4 1399.0 1074.2 0.0 1074.2 2473.2 421.0 394.46 183.8 3472.4 29.8 
6 454.6 944.4 1399.0 933.0 0.0 933.0 2332.0 420.0 394.46 183.8 3330.2 28.9 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
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Table A1.11: Lerner Indices 
    E=-0.1         E=-1/3  E=0.5  E= -2/3       E=-1.0 

t Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 
1 100% 59% 76% 38% 70% 31% 57% 25% 42% 18% 
2 100% 65% 75% 41% 68% 33% 55% 26% 40% 18% 
3 100% 71% 73% 43% 66% 34% 53% 27% 39% 19% 
4 100% 74% 70% 48% 63% 38% 50% 29% 36% 20% 
5 100% 71% 68% 48% 60% 40% 47% 31% 33% 21% 
6 100% 68% 66% 45% 59% 38% 45% 32% 31% 21% 

 
2. Base Model, Different slope approach 
A. Competitive Equilibrium (Different slope approach) 

Table A1.12: Competitive equilibrium (E=-0.1) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 665.94 944.40 1610.34 2133.1 0 2133.1 3743.4 690.0 394.46 2406.49 4827.9 25.98
2 659.02 944.40 1603.42 1802.6 0 1802.6 3406.0 600.4 394.46 1986.36 4400.9 25.98
3 655.09 944.40 1599.49 1564.1 0 1564.1 3163.6 600.4 394.46 1747.87 4158.5 25.98
4 647.72 944.40 1592.12 1116.3 0 1116.3 2708.4 600.4 394.46 1300.08 3703.3 25.98
5 620.67 944.40 1565.07 764.7 0 764.7 2329.7 600.4 394.46 948.48 3324.6 25.98
6 454.60 931.31 1385.91 743.7 0 743.7 2129.6 591.1 394.46 927.52 3115.2 17.92

 
Table A1.13: Competitive equilibrium (E=-1/3) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 2133.1 0 2133.1 3750.6 693.9 394.46 2406.49 4839.0 29.4
2 673.1 944.4 1617.5 1802.6 0 1802.6 3420.1 604.1 394.46 1986.36 4418.7 29.2
3 673.1 944.4 1617.5 1564.1 0 1564.1 3181.6 604.0 394.46 1747.87 4180.0 29.1
4 673.1 944.4 1617.5 1116.3 0 1116.3 2733.8 603.7 394.46 1300.08 3732.0 28.8
5 673.1 944.4 1617.5 764.7 0 764.7 2382.2 602.8 394.46 948.48 3379.4 28.0
6 469.5 944.4 1413.9 743.7 0 743.7 2157.7 600.4 394.46 927.52 3152.6 26.0

 
Table A1.14: Competitive equilibrium (E=-0.5) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.10 944.40 1617.50 2133.1 0 2133.1 3750.6 694.6 394.46 2406.49 4839.7 29.93 
2 673.10 944.40 1617.50 1802.6 0 1802.6 3420.1 604.9 394.46 1986.36 4419.4 29.81 
3 673.10 944.40 1617.50 1564.1 0 1564.1 3181.6 604.8 394.46 1747.87 4180.8 29.74 
4 673.10 944.40 1617.50 1116.3 0 1116.3 2733.8 604.6 394.46 1300.08 3732.8 29.58 
5 673.10 944.40 1617.50 764.7 0 764.7 2382.2 604.0 394.46 948.48 3380.6 29.02 
6 551.59 944.40 1495.99 743.7 0 743.7 2239.7 600.4 394.46 927.52 3234.6 25.98 

 
Table A1.15: Competitive equilibrium (E=-2/3) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 2133.1 0.0 2133.1 3750.6 694.9 394.46 2406.49 4840.0 30.2
2 673.1 944.4 1617.5 1802.6 0.0 1802.6 3420.1 605.2 394.46 1986.36 4419.8 30.1
3 673.1 944.4 1617.5 1564.1 0.0 1564.1 3181.6 605.2 394.46 1747.87 4181.2 30.1
4 673.1 944.4 1617.5 1116.3 0.0 1116.3 2733.8 605.0 394.46 1300.08 3733.3 30.0
5 673.1 944.4 1617.5 764.7 0.0 764.7 2382.2 604.5 394.46 948.48 3381.2 29.5
6 633.6 944.4 1578.0 743.7 0.0 743.7 2321.7 600.4 394.46 927.52 3316.6 26.0
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Table A1.16: Competitive equilibrium (E=-1.0) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.10 944.40 1617.50 2133.1 0 2133.1 3750.6 695.3 394.46 2406.49 4840.3 30.51 
2 673.10 944.40 1617.50 1802.6 0 1802.6 3420.1 605.6 394.46 1986.36 4420.1 30.45 
3 673.10 944.40 1617.50 1564.1 0 1564.1 3181.6 605.6 394.46 1747.87 4181.6 30.42 
4 673.10 944.40 1617.50 1116.3 0 1116.3 2733.8 605.5 394.46 1300.08 3733.7 30.33 
5 673.10 944.40 1617.50 764.7 0 764.7 2382.2 605.1 394.46 948.48 3381.8 30.05 
6 673.10 944.40 1617.50 743.7 0 743.7 2361.2 601.9 394.46 927.52 3357.6 27.26 

 
B. Cournot equilibrium (Different slope approach) 

Table A1.17: Cournot equilibrium (E=-0.1) 
t qth1  # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 0.0 944.4 944.4 1612.3 0.0 1612.3 2556.7 500.1 394.46 274.6 3725.9 98.0 
2 0.0 944.4 944.4 1426.7 0.0 1426.7 2371.1 496.3 394.46 183.8 3445.6 94.7 
3 0.0 944.4 944.4 1295.5 0.0 1295.5 2239.9 491.1 394.46 183.8 3309.2 90.2 
4 0.0 860.7 860.7 1091.1 0.0 1091.1 1951.8 484.9 394.46 183.8 3014.9 84.9 
5 0.0 738.4 738.4 947.3 0.0 947.3 1685.8 480.7 394.46 183.8 2744.7 81.3 
6 0.0 645.7 645.7 838.4 0.0 838.4 1484.1 476.8 394.46 183.8 2539.2 77.9 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.18: Cournot equilibrium (E=-1/3) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 61.2 944.4 1005.6 1815.6 0.0 1815.6 2821.2 441.2 394.46 274.6 3931.5 47.2
2 59.0 944.4 1003.4 1608.1 0.0 1608.1 2611.5 440.0 394.46 183.8 3629.8 46.2
3 49.7 944.4 994.0 1472.7 0.0 1472.7 2466.8 438.6 394.46 183.8 3483.6 45.0
4 31.4 944.4 975.7 1219.2 0.0 1219.2 2194.9 435.5 394.46 183.8 3208.6 42.2
5 21.1 833.9 855.0 1058.6 0.0 1058.6 1913.6 434.0 394.46 183.8 2925.8 40.9
6 9.0 733.3 742.3 949.6 0.0 949.6 1691.9 432.9 394.46 183.8 2703.1 40.0

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.19: Cournot equilibrium (E=-0.5) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 248.6 944.4 1193.0 1882.4 0.0 1882.4 3075.4 431.3 394.46 274.6 4175.7 38.6 
2 241.2 944.4 1185.6 1657.7 0.0 1657.7 2843.2 430.5 394.46 183.8 3852.0 38.0 
3 242.8 944.4 1187.2 1498.5 0.0 1498.5 2685.7 429.6 394.46 183.8 3693.5 37.1 
4 232.2 944.4 1176.6 1213.3 0.0 1213.3 2389.9 427.5 394.46 183.8 3395.6 35.3 
5 259.0 871.2 1130.2 977.1 0.0 977.1 2107.3 426.1 394.46 183.8 3111.6 34.1 
6 206.6 767.5 974.1 894.8 0.0 894.8 1868.9 425.4 394.46 183.8 2872.5 33.5 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.20: Cournot equilibrium (E=-2/3) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 341.7 944.4 1286.1 1933.0 0.0 1933.0 3219.1 427.5 394.46 274.6 4315.7 35.4
2 341.7 944.4 1286.1 1688.1 0.0 1688.1 2974.2 426.9 394.46 183.8 3979.3 34.9
3 341.7 944.4 1286.1 1523.2 0.0 1523.2 2809.3 426.2 394.46 183.8 3813.8 34.3
4 341.7 944.4 1286.1 1213.8 0.0 1213.8 2499.9 424.7 394.46 183.8 3502.8 32.9
5 341.7 944.4 1286.1 956.4 0.0 956.4 2242.5 423.0 394.46 183.8 3243.7 31.5
6 341.7 848.2 1190.0 809.3 0.0 809.3 1999.3 422.4 394.46 183.8 2999.9 30.9

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
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Table A1.21: Cournot equilibrium (E=-1.0) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 454.6 944.4 1399.0 1969.6 0.0 1969.6 3368.5 424.8 394.46 274.6 4462.4 33.0 
2 454.6 944.4 1399.0 1711.2 0.0 1711.2 3110.2 424.4 394.46 183.8 4112.8 32.7 
3 454.6 944.4 1399.0 1538.8 0.0 1538.8 2937.7 423.9 394.46 183.8 3939.9 32.3 
4 454.6 944.4 1399.0 1215.0 0.0 1215.0 2614.0 422.8 394.46 183.8 3615.1 31.3 
5 454.6 944.4 1399.0 945.7 0.0 945.7 2344.6 421.8 394.46 183.8 3344.6 30.4 
6 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 420.7 394.46 183.8 3141.5 29.5 

# denotes  multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.22: Lerner Indices 
    E=-0.1         E=-1/3  E=0.5  E= -2/3       E=-1.0 

t Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 
1 100% 59% 76% 38% 71% 32% 62% 26% 48% 19% 
2 100% 66% 76% 43% 71% 35% 62% 29% 47% 21% 
3 100% 73% 75% 47% 70% 38% 61% 31% 47% 22% 
4 100% 79% 74% 56% 69% 45% 60% 36% 45% 25% 
5 100% 78% 73% 56% 67% 48% 58% 42% 43% 29% 
6 100% 77% 72% 55% 67% 47% 57% 42% 42% 33% 

 
3. Base Model, Same slope approach, Reduced Hydro Flows  
A. Competitive Equilibrium (Same slope approach) 

Table A1.23: Competitive equilibrium (E=-0.1) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 860.0 1101.3 1961.3 833.4 0.0 833.4 2794.7 629.9 242.4 952.7 3666.9 107.0 
2 779.2 1101.3 1880.5 808.2 0.0 808.2 2688.7 606.1 242.4 927.5 3537.1 86.5 
3 779.2 992.9 1772.1 808.2 0.0 808.2 2580.3 596.2 242.4 927.5 3418.9 78.0 
4 705.2 992.9 1698.1 808.2 0.0 808.2 2506.3 566.8 242.4 927.5 3315.4 52.6 
5 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 546.2 242.4 927.5 3214.3 34.8 
6 535.8 944.4 1480.2 808.2 0.0 808.2 2288.4 536.0 242.4 927.5 3066.7 26.0 

 
Table A1.24: Competitive equilibrium (E=-1/3) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 779.2 992.9 1772.1 833.4 0.0 833.4 2605.5 572.6 242.4 952.7 3420.4 57.6
2 673.1 992.9 1666.0 808.2 0.0 808.2 2474.2 566.0 242.4 927.5 3282.6 51.9
3 673.1 992.9 1666.0 808.2 0.0 808.2 2474.2 560.6 242.4 927.5 3277.2 47.2
4 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 551.5 242.4 927.5 3219.6 39.4
5 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 543.3 242.4 927.5 3211.3 32.3
6 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 537.0 242.4 927.5 3205.0 26.9

Table A1.25: Competitive equilibrium (E=-0.5) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 992.9 1666.0 833.4 0.0 833.4 2499.4 564.0 242.4 952.7 3305.7 50.2 
2 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 558.7 242.4 927.5 3226.8 45.6 
3 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 555.1 242.4 927.5 3223.2 42.5 
4 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 548.4 242.4 927.5 3216.4 36.7 
5 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 542.8 242.4 927.5 3210.9 31.9 
6 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 538.6 242.4 927.5 3206.6 28.2 
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Table A1.26: Competitive equilibrium (E=-2/3) 
t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 833.4 0.0 833.4 2450.9 559.0 242.4 952.7 3252.3 45.9
2 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 554.5 242.4 927.5 3222.6 42.0
3 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 551.8 242.4 927.5 3219.9 39.7
4 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 546.8 242.4 927.5 3214.8 35.3
5 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 542.6 242.4 927.5 3210.6 31.7
6 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 539.4 242.4 927.5 3207.5 29.0

 
Table A1.27: Competitive equilibrium (E=-1.0) 

t qth1 qth2 QRth qh1 qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 833.4 0.0 833.4 2450.9 553.3 242.4 952.7 3246.5 40.9 
2 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 550.3 242.4 927.5 3218.4 38.4 
3 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 548.5 242.4 927.5 3216.6 36.8 
4 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 545.2 242.4 927.5 3213.2 33.9 
5 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 542.4 242.4 927.5 3210.4 31.5 
6 673.1 944.4 1617.5 808.2 0.0 808.2 2425.7 540.2 242.4 927.5 3208.3 29.7 

 
B. Cournot equilibrium, Same slope approach, Reduced Hydro Flows  

Table A1.28: Cournot equilibrium (E=-0.1) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 486.8 992.9 1479.8 1041.5 0.0 1041.5 2521.2 524.4 242.4 119.3 3407.4 119.0 
2 488.9 983.0 1472.0 834.2 0.0 834.2 2306.2 510.0 242.4 119.3 3177.9 106.5 
3 455.6 944.4 1399.9 767.8 0.0 767.8 2167.7 502.9 242.4 119.3 3032.3 100.4 
4 341.7 944.4 1286.1 743.6 0.0 743.6 2029.7 481.1 242.4 119.3 2872.5 81.6 
5 231.8 863.9 1095.7 743.6 0.0 743.6 1839.3 468.2 242.4 119.3 2669.2 70.5 
6 137.7 769.8 907.5 743.6 0.0 743.6 1651.1 461.6 242.4 119.3 2474.4 64.8 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.29: Cournot equilibrium (E=-1/3) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 614.3 944.4 1558.7 1029.6 0.0 1029.6 2588.3 453.2 242.4 119.3 3403.2 57.6
2 607.0 944.4 1551.4 826.8 0.0 826.8 2378.2 448.6 242.4 119.3 3188.4 53.5
3 527.4 944.4 1471.8 787.1 0.0 787.1 2258.9 445.9 242.4 119.3 3066.5 51.2
4 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 438.5 242.4 119.3 2942.8 44.9
5 426.4 944.4 1370.8 743.6 0.0 743.6 2114.4 430.9 242.4 119.3 2906.9 38.3
6 341.7 902.7 1244.4 743.6 0.0 743.6 1988.0 427.4 242.4 119.3 2777.1 35.3

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.30: Cournot equilibrium (E=-0.5) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 662.7 944.4 1607.1 1046.3 0.0 1046.3 2653.4 442.2 242.4 119.3 3457.3 48.0 
2 662.7 944.4 1607.1 836.3 0.0 836.3 2443.4 439.0 242.4 119.3 3244.1 45.3 
3 618.9 944.4 1563.3 760.9 0.0 760.9 2324.1 437.3 242.4 119.3 3123.1 43.8 
4 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 433.3 242.4 119.3 2937.6 40.3 
5 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 427.7 242.4 119.3 2932.0 35.5 
6 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 423.5 242.4 119.3 2927.8 31.9 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
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Table A1.31:Cournot equilibrium (E=-2/3) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 1055.0 0.0 1055.0 2672.4 437.1 242.4 119.3 3471.3 43.7
2 673.1 944.4 1617.5 844.9 0.0 844.9 2462.4 434.8 242.4 119.3 3258.8 41.6
3 673.1 944.4 1617.5 743.6 0.0 743.6 2361.1 433.2 242.4 119.3 3156.0 40.3
4 477.5 944.4 1421.8 743.6 0.0 743.6 2165.4 430.4 242.4 119.3 2957.5 37.8
5 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 426.4 242.4 119.3 2930.7 34.4
6 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 423.3 242.4 119.3 2927.5 31.7

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.32: Cournot equilibrium (E=-1.0) 
t qth1 # qth2 QRth qh1 # qh2 QRh QR Qthfringe qMR qhPS Qtot Price 
1 673.1 944.4 1617.5 1055.0 0.0 1055.0 2672.4 432.3 242.4 119.3 3466.4 39.5 
2 673.1 944.4 1617.5 844.9 0.0 844.9 2462.4 430.7 242.4 119.3 3254.8 38.1 
3 673.1 944.4 1617.5 743.6 0.0 743.6 2361.1 429.7 242.4 119.3 3152.4 37.2 
4 607.8 944.4 1552.2 743.6 0.0 743.6 2295.8 426.8 242.4 119.3 3084.3 34.8 
5 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 425.2 242.4 119.3 2929.4 33.3 
6 454.6 944.4 1399.0 743.6 0.0 743.6 2142.6 423.0 242.4 119.3 2927.3 31.5 

# denotes multiple equilibrium. Values reported are averages over 400 simulations. 
 

Table A1.33: Lerner Indices 
    E=-0.1         E=-1/3  E=0.5  E= -2/3       E=-1.0 

t Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 Firm 1 Firm 2 
1 78% 51% 55% 32% 46% 25% 38% 21% 28% 16% 
2 76% 56% 51% 34% 43% 27% 35% 22% 26% 16% 
3 74% 57% 49% 35% 41% 28% 34% 23% 25% 16% 
4 81% 70% 51% 40% 38% 30% 31% 24% 25% 18% 
5 84% 75% 59% 47% 43% 34% 34% 27% 23% 18% 
6 83% 72% 59% 49% 48% 38% 37% 29% 25% 19% 

 



12 Appendix 2: A simple 1-year Cournot Model for
Chile's Electricity Industry

The model that was used to analyze the exercise of market power in Chile's electricity industry
assumed that the hydro producer was able to allocate its hydro production over a 1 month
planning horizon. In addition, in that model no value was given to the water left in the
reservoir at the end of the month. Accordingly, even though Firm 1, the hydro producer, was
"allowed" by the model to use only a fraction of the water available, incentives pushed more
in the direction of using it all.

In real life, however, producers usually maximize over a longer time horizon, and thus it
is reasonable to expect them to store a fraction of their hydro °ows available in a particular
month in order to use them in a later period. An interesting question is whether the hydro
scheduling pattern that resulted in the 1-month period model would also be observed when
a longer planning horizon is assumed. If so, generators would exploit di®erences in demand
elasticity across months by shifting water from low demand elasticity months to high demand
elasticity months. According to the data reported in Table 15, this means that water should
be stored in October, November and December and released in April, March, January and the
winter months.90 In the paper I report evidence based on MVW analysis suggesting that Firm
1's incentive to exercise market power by shifting hydro production from one month to another
depends on how large are the inter-month di®erences in demand elasticity/ The smaller the
°uctuations, the closer is the hydro scheduling strategy to the traditional competitive supply-
demand or value-maximizing optimization analysis' conclusions (i.e. water is stored when it
is relatively abundant and released when it is relatively scarce).

The MVW analysis is helpful in that one can draw conclusions regarding how hydro °ows
would be allocated across months, but it does not provide information regarding the size of
the °ows that are stored and later released. In addition, it is not possible to compare the
market equilibrium when market power is and is not exercised. In order to address these
issues, a very simple 1-year model was estimated. This model will still su®er the omission
of re-allocation across years but will probably shed lights of the re-allocations that happen
within a year.

Given that the estimation of this model was computationally intensive, I had to use many
simplifying assumptions. In addition, information on many variables was required but not
available; as a consequence, additional assumptions were required.

12.1 The Model
The model is basically the same as the 1-month model. I assumed that there are only two
periods per month (rather than 6): a high demand period and a low demand period (t=1
and t=2 respectively). Each of them lasts for 360/372 hours. Notice that by reducing the
number of periods to only two, I am implicitly reducing the demand variability. Given that
Firm 1 is allowed to store hydro °ows one month and release them in a later period, a state
variable, namely the reservoir level, is introduced. Water in°ows are assumed to get to the

90Market demand was parameterized as before, and thus it was assumed that price elasticity was -1/3 at
the peak anchor point. Residual demand is not constant throughout the year because must run production
and the fringe's production °uctuates over the di®erent months.
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reservoir at the beginning of each month.
Each period, Cournot producers face a residual demand given by:
DR(Pt) = D(Pt) ¡ Sf (Pt) ¡ qMR

t ¡ qPS
ht

where D(P ) is expected market demand, DR(P ) is expected residual market demand,
Sf (P ) is the Fringe's (thermal) supply function (adjusted by transmission losses), qMR is
must-run units' generation and qP S

h is the Fringe's hydro production from reservoirs dis-
tributed across periods according to a Peak shaving strategy.

Firm 2's optimization problem remains basically the same as in the 1-year model. Firm 1's
optimization problem is modi¯ed to take account of the reservoir level, and the corresponding
minimum and maximum capacity constraints.

Firm 1's Optimization problem

max
X

t

fPt(qt)(q1ht + q1T ht) ¡ CT1(q1T ht)g subject to (27)

q1T hMIN · q1T ht · q1T hM AX 8t (thermal production min/max constraints) (28)
q1hMIN · q1ht · q1hMAX t 8t (hydro production min/max constraints) (29)

Sm = Sm¡1 + Fm ¡ q1hydrom8m (Reservoir's level evolution) (30)
SMIN · Sm · SMAX 8m (Reservoir's min/max capacity constraint) (31)

S0 = SIN I (Reservoir's initial level) (32)
S12 = SEN D (Reservoir's level at the end of the year) (33)

where:
m = month index; m = 1,2,..12. m=1 for the ¯rst month of the hydrological year assumed.
t = index for each period of 360/372 hours. Since I assumed that there are only two

periods per month, t = 1,2, 24. The periods are set in chronological order (t=1 for the high
period, month 1; t=2 for the low period, month 1; t=3 for the high period, month 2, and so
on).

Pt(qt) = is the inverse function of the expected residual demand in period t
Qt = is total production by ¯rm 1 and 2 in period t, (Qt = q1t + q2t),
qit = qiTht + qiht is total production by Firm i in period t,
qiTht = total energy produced by Firm i out of thermal plants, period t
q1ht= total energy produced by Firm 1 out of hydro-storage plants, period t
CTi(qiT ht) = Total Cost function, thermal plants, ¯rm i
qiThM IN = Minimum thermal production, Firm i, period t
q1T hMAX = Maximum thermal production, Firm i, period t
q1hMIN = Minimum hydro production, Firm 1, period t
q1hMAX = Maximum hydro production, Firm 1, period t
q1htot = available hydro production for the whole period
Sm= reservoir level at the end of month m, measured in terms of energy.
SIN I= initial reservoir level.
SEN D= end of year reservoir level.
Fm = water in°ow expected to get to the reservoir at the beginning of month m. Measured

in terms of energy.
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q1hydro:m= total energy produced by Firm 1 out of hydro storage plants, month m.
q1hydro:m = q1h(2m¡1) + q1h(2m) :

91

The objective function is basically the same as in the 1-month model except for the
residual demand, which is in terms of expectation. Constraints (28) and (29) are the same as
in the 1-month model and thus need no further explanation. Constraint (30) states that the
hydro energy available in the reservoir at the end of each month is equal to the hydro energy
available at the end of the previous month plus the water in°ows (in terms of hydro energy)
received at the beginning of the month and less the hydro energy that was produced during
the month. Constraint (31) states the minimum and maximum bound for the reservoir level.
Finally constraints (32) and (33) are initial and end conditions.92

This version of the model takes into the account the incentives Firm 1 has to re-allocate
water from one month to another (but always within a year). This is a good assumption for
all the Chilean reservoirs except for El Laja (the biggest one) that is so big that its water can
be allocated from one year to another. For the moment it is not possible to estimate a model
with such a long planning horizon because the information requirements cannot be ful¯lled.

This model's treatment of uncertainty is certainly simplistic and incomplete. Only ex-
pected values of water in°ows and demand per period are considered. Variability is not taken
into account because there was no information available. This omission is important, espe-
cially with respect to hydro in°ows, as hydro producers are likely to manage their reservoirs
taking into account the probability of the hydrological year being normal, dry or rainy. Under
the current regulation, generators are required to ensure the power supply even under the
driest conditions. As a consequence it is reasonable to expect them to manage the reservoirs
less aggressively. The exercise of market power is not likely to be the unique goal producers
pursue as this model implicitly assumes.

I assumed that the discount rate was equal to zero.

12.2 Model Estimation
The model was estimated under two di®erent market assumptions: i) the market is perfectly
competitive and ii) producers are able to exercise market power.

Market demand was assumed to be linear. Each month's slope was calculated such that
the elasticity at the peak demand level is -1/3. Anchor quantity to parameterize demand
was set to the average load (augmented by spinning reserves) of the highest/lowest 360/372
hours. Anchor price was given by each month's nodal price. Table A2.1 reports the data
used to parameterize the market demand and to estimate the residual demand.

Capacity and marginal cost functions are the same as in the 1-month model.
Hydro in°ows are given by the average hydro generation per month reported by the

CNE for "normal" hydrological year (See Table A2.2). In this sense, water in°ows can
be interpreted as "expected °ows". These in°ows were used to allocate hydro production
according to a peak shaving strategy, when needed. In the model where Firms 1 and 2 are
supposed to be able to exercise market power, I allocated the Fringe's hydro production
according to this approach. In this case, I assumed that its water in°ows were not large
enough to store a portion of them given the min and max production constraints. As a

91q1hydrom¡1 = q1h(t=1) + q1h(t=2); q1hydrom¡2 = q1h(t¡3) + q1h(t¡4) , and so on.
92The model will be estimated under two versions: with and without constraint (2.21).
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consequence, its hydro production per period was calculated by allocating hydro resources
over a 1-month time period. When perfect competition is assumed, water in°ows of the entire
system are allocated according to the peak shaving strategy.

As expected, results of the model turned out to be sensitive to the starting month of the
one-year period (i.e. hydro scheduling for the year Jan - Dec was slightly di®erent than for
April - March, and so on). The longer the planning horizon, the less important the starting
point is. Unfortunately, my data set is too short to further increase the time horizon. In
addition I do not have information that could be used to simulate water in°ows for a longer
period. In an attempt to overcome this problem, I estimated the model and the competitive
equilibrium for the 12 possible starting points. I will report results for each estimation and
will look for general trends.

I assumed that minimum and maximum capacity of the reservoirs were not restrictive,
as I did not have information for many of them. This assumption should not introduce too
many distortions as in the past years the reservoir level reached its maximum or minimum
capacity only a few times, and most of them took place in very rainy or dry years, and thus
in periods in which in°ows were di®erent from the ones used to estimate this model.93

The reservoir level at the end of the year may be important too, being this another
consequence of the short time period used. In order to analyze how important this constraint
is, I estimated two versions of the model:

- Reservoir level at the end of the year restricted to be equal to the initial level; in this
way, Firm 1 is constrained to use all the water available in the year ("bounded estimation").

- Reservoir level at the end of the year restricted to be within min/max bound limits
(Constraint (33) is not included). Firm 1 is implicitly allowed to use only a fraction of the
water available for the whole year ("unbounded estimation")

It is worth to mention that even though results from these two versions of the model di®er,
the di®erences are rather small. In particular, any change in the amount of hydro production
is usually compensated at least in part by a change in Firm 2's thermal production.

12.3 Results
I do not intend to exhaustively analyze the results of this model's simulation, as many of
the results are similar, in qualitative terms, to what was found in the 1-month model and
additional insights are beyond this paper's reach. I will focus on the question that motivated
the estimation of this model: Would Firm 1 store water in low price-elasticity of demand
months and release it in high price-elasticity of demand months as it could be extrapolated
from the 1-month model? The analysis will be made in comparative terms. In particular, I
will compare each month's rate of use of water in°ows that results in the Cournot and in the
competitive model. Results are reported in Tables A2.3, A2.4, A2.5 and A2.6

The assumption for the reservoir level at the end of the year turned out not to be impor-
tant, as results from the "bounded" and "unbounded" almost coincide.

The starting month assumption is more important for the competitive equilibrium than
for any of the Cournot models estimated. In the latter, the pattern of hydro scheduling is
almost always the same (but magnitudes di®er), no matter what month was assumed to be

93The problem to this argument is that all the observations are from periods in which the management of
hydro resources is supposed to have been competitive.
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the ¯rst. In particular, water is stored in June and July (winter months) and October and
November. Water from June and July is completely shifted to August and September, while
water stored in October and November is allocated to the ¯rst half of the year. In the case of
the competitive equilibrium, when the model was estimated assuming that the initial month
was any of the ¯rst 5 months, all the water available was exhausted in every 1-month period.
Results start to change as June and the months in the second half of the year are assumed
to be the "initial month", as there is enough water to be stored and used in a later period94.
In a perfectly competitive industry, water would be stored in the second half of the year, the
rainy and melting season, and released in the ¯rst half of the next year. This allocation is in
line with the availability of hydro production relative to demand as power is "saved" in the
periods when it is relatively abundant and it is released when it is relatively scarce.

As I mentioned, a Cournot producer would store power in June, July, October and Novem-
ber. According to these results, it could not be argued that water is allocated from low
elasticity months to high elasticity months. Indeed, as Table A2.6 reports, the correlation
coe±cient between the average price elasticity of demand and the rate of use of available
hydro °ows is positive, as expected, but relatively small (0.37). Firm 1's hydro scheduling
strategy is closer to the conclusions of the traditional competitive supply-demand analysis,
where water is stored in those periods in which it is relatively abundant and released when it is
relatively scarce. This conclusion is supported by the correlation coe±cient between the rate
of use of available hydro °ows and the in°ows/demand monthly ratio (-0.89). See Charts
A2.1 and A2.2 for a graphic support of the relative importance of each of the alternative
explanations for the hydro scheduling strategy.

In order to understand why Firm 1 does not inter-month di®erences in demand elasticity,
two alternative hypotheses are formally analyzed.

1. Intra-month di®erences in demand elasticity are big enough and water can be allocated
within a month in order to exercise market power. In order to analyze this hypothesis, I
estimated the model assuming no intra-month di®erences in demand elasticity and keeping
constant inter-month di®erences. A priori, this explanation does not sound plausible as I
assumed that there are only two periods in each month and therefore, demand variability
is considerably reduced. If this hypothesis is true, then we should observe that given that
producers cannot exploit intra-month demand variability, greater inter-month reallocation
should be observed. As it is reported in Table A2.6, column (2), the resulting correlation
coe±cient between the use rate of available in°ows and price-elasticity of demand is still
positive, but considerably smaller. At the same time, the correlation with the in°ows/demand
ratio is still high and thus the relationship strong. Accordingly, intra-month variability seems
not to be a good explanation.

2. Inter-month di®erences in demand elasticity are relatively small. As a result, the
incentive to exploit them is also small. In order to test for this hypothesis, I estimated the
model assuming that price elasticity of market demand was not -1/3 at the peak anchor point,
as I did in the previous exercise, but could take di®erent values (E=-0.1, -1/3, -1/2, -2/3,
-1.0) which were randomly allocated to each month. Consequently, inter-month variability of
price elasticity of demand was 7 times higher. Results are fully supportive of this hypothesis.
Indeed, the correlation coe±cient is very high (0.95) and it is almost una®ected when no
intra-month variability is assumed (column (4)).

94In line with this result is the greater standard deviation that resulted in the competitive model.
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Observe that the larger are inter-month di®erences in price elasticity, the more incentives
Firm 1 has to allocate its hydro resources in order to exercise market power and the less
relevant is the traditional competitive supply-demand analysis in order to understand the
hydro scheduling strategy (See Figures A2.3 and A2.4). Preliminary evidence from a 1-year
model is in line with the MVW analysis: producers' incentive to exercise market power by
shifting water from one month to another depends on how large inter-month di®erences in
price elasticity are. The smaller the di®erence, the closer is the hydro scheduling strategy
to the traditional supply-demand analysis' conclusions (i.e. more water to periods in which
water is relatively scarce).

I would like to conclude this analysis by emphasizing that this model is just an attempt to
address the issue of hydro scheduling over a longer planning horizon when ¯rms have market
power. It is clear that an additional modeling e®ort is needed in order to have more de¯nitive
answers. In particular, it is necessary to improve the treatment of uncertainty and to further
increase the planning horizon (in order to reduce the importance of the starting and ¯nal
points).
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