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Figure 9.11: Dunedin's monthly sea level residual values from 1913 until 2007 using harmonic constituents derived from 

2001 plotted against corresponding monthly average sea level atmospheric pressures to find local trend  
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9.2 Calculated trends 

Auckland 

Year used to 

calculate harmonic 

constituents 

Year(s) 

residuals were 

calculated for 

Derived 

response 

(m/mbar) 

95% 

Confidence 

Interval 

Number of 

observations 

2003 2001* -0.00602 ± 0.00050 8544 

 

2002 -0.00645 ± 0.00054 8710 

2004 -0.00526 ± 0.00050 8784 

2004 2001 -0.0063 ± 0.00050 8544 

2003 -0.00661 ± 0.00053 8695 

2003 2003 -0.00509 ± 0.00053 8695 

2004 2004 -0.00524 ± 0.00050 8784 

2004 1916-2007 -0.00566 ± 0.00173 1024 

Weighted Mean -0.0057 

Table 9.1: Summary of trends derived for Auckland to provide Auckland’s final weighted mean inverted barometer 

response 

  

                                                             
*
 Note: Italicised data has been rejected from the derivation of the weighted mean 
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Wellington 

Year used to 

calculate harmonic 

constituents 

Year(s) 

residuals were 

calculated for 

Derived 

response 

(m/mbar) 

95% 

Confidence 

Interval 

Number of 

observations 

2004 2003 -0.00874 ± 0.00045 8752 

2005 -0.00869 ± 0.00045 8547 

2007 2001 -0.00921 ± 0.00043 8728 

2006* -0.00985 ± 0.00050 8074 

2004 2004 -0.00825 ± 0.00040 8766 

2007 2007 -0.00861 ± 0.00044 8751 

2004 1944-2007 -0.00545 ± 0.00176 740 

Weighted Mean -0.00869 

Table 9.2: Summary of trends derived for Wellington to provide Wellington’s final weighted mean inverted barometer 

response 

  

                                                             
*
 Note: Italicised data has been rejected from the derivation of the weighted mean 
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Lyttelton 

Year used to 

calculate harmonic 

constituents 

Year(s) 

residuals were 

calculated for 

Derived 

response 

(m/mbar) 

95% 

Confidence 

Interval 

Number of 

observations 

2003 2001 -0.00782 ± 0.00041 8338 

 

2002* -0.00785 ± 0.00039 8169 

2005 2003 -0.00688 ± 0.00040 8740 

2004 -0.00763 ± 0.00037 8644 

2003 2003 -0.00643 ± 0.00040 8740 

2005 2005 -0.00729 ± 0.00042 8732 

2005 1924-2007 -0.00576 ± 0.00147 899 

Weighted Mean -0.00721 

Table 9.3: Summary of trends derived for Lyttelton to provide Lyttelton’s final weighted mean inverted barometer 

response 

  

                                                             
*
 Note: Italicised data has been rejected from the derivation of the weighted mean 
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Dunedin 

Year used to 

calculate harmonic 

constituents 

Year(s) 

residuals were 

calculated for 

Derived 

response 

(m/mbar) 

95% 

Confidence 

Interval 

Number of 

observations 

2004 2003 -0.00911 ± 0.00038 8757 

 

2005 -0.00808 ± 0.00042 8757 

2001 2000 -0.00847 ± 0.00041 8722 

2002 -0.00748 ± 0.00036 8731 

2000 2000 -0.00761 ± 0.00010 8722 

2001 2001 -0.00684 ± 0.00040 8724 

2002 2002 -0.00759 ± 0.00036 8731 

2003 2003 -0.00772 ± 0.00038 8738 

2001 1913-1984* -0.00601 ± 0.00238 338 

Weighted Mean  -0.0077   

Table 9.4: Summary of trends derived for Dunedin to provide Dunedin’s final weighted mean inverted barometer 

response 

  

                                                             
*
 Note: Italicised data has been rejected from the derivation of the weighted mean 
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9.3 Derived Harmonic Constituents 

NO NAME FREQUENCY A G AL GL 

1 Z0 0 190.6228 0 190.6228 0 

2 SSA 0.00022816 2.4175 320.49 2.4175 120.24 

3 MSM 0.00130978 0.2842 52.62 0.2842 249.39 

4 MM 0.00151215 0.1585 10.05 0.1585 98.03 

5 MSF 0.00282193 0.3772 279.73 0.3772 204.48 

6 MF 0.00305009 2.1443 231.38 2.1443 315.88 

7 ALP1 0.03439657 0.073 299.41 0.0803 4.32 

8 2Q1 0.03570635 0.2679 27.04 0.2911 290.2 

9 SIG1 0.03590872 0.0583 287.98 0.0647 81.3 

10 Q1 0.0372185 0.1933 89.04 0.2128 79.5 

11 RHO1 0.03742087 0.136 106.77 0.1535 350.25 

12 O1 0.03873065 1.6526 142.53 1.8409 220.39 

13 TAU1 0.03895881 0.0633 85.7 0.0569 141.77 

14 BET1 0.04004043 0.1315 215.45 0.1497 307.95 

15 NO1 0.04026859 0.2154 173.45 0.2825 98.93 

16 CHI1 0.04047097 0.0522 161.78 0.0586 325.57 

17 P1 0.04155259 2.3557 182.35 2.3414 193.06 

18 K1 0.04178075 6.9874 189.39 7.4876 186.12 

19 PHI1 0.04200891 0.1999 282.16 0.193 70.9 

20 THE1 0.04309053 0.0547 49.31 0.0622 246.41 

21 J1 0.0432929 0.4766 189.62 0.5098 276.17 

22 SO1 0.04460268 0.1549 283.18 0.1727 205.2 

23 OO1 0.04483084 0.2582 243.49 0.388 350.82 

24 UPS1 0.04634299 0.1238 198.32 0.1806 29.25 

25 OQ2 0.07597494 0.3161 151.93 0.2766 332.85 

26 EPS2 0.07617731 0.8544 169.36 0.8043 237.17 

27 2N2 0.0774871 2.5435 174.05 2.317 81.27 

28 MU2 0.07768947 3.2524 184.1 3.1542 337.31 

29 N2 0.07899925 21.8918 201.11 21.3893 190.26 

30 NU2 0.07920162 4.4835 201.51 4.3599 81.45 

31 M2 0.0805114 114.4609 233.08 112.156 310 

32 MKS2 0.08073957 0.599 98.42 0.693 349.37 

33 LDA2 0.08182118 1.1136 249.26 1.0875 343.5 

34 L2 0.08202355 3.3345 282.96 3.1298 287.06 

35 S2 0.08333334 17.6369 305.28 17.6559 305.16 

36 K2 0.08356149 4.2433 295.36 5.0045 109.28 

37 MSN2 0.08484548 0.2188 120.93 0.2097 208.57 

38 ETA2 0.08507364 0.2541 276.96 0.3005 178.02 

39 MO3 0.1192421 0.7267 70.5 0.7932 225.27 

40 M3 0.1207671 1.2752 252.15 1.2379 7.84 

41 SO3 0.122064 0.0535 147.85 0.0597 225.59 

42 MK3 0.1222921 0.1856 126.3 0.1949 199.94 

43 SK3 0.1251141 1.3229 13.97 1.4192 10.59 

44 MN4 0.1595106 0.7989 168.33 0.7648 234.39 

45 M4 0.1610228 2.6908 174.01 2.5835 327.83 
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NO NAME FREQUENCY A G AL GL 

46 SN4 0.1623326 0.1116 197.45 0.1091 186.48 

47 MS4 0.1638447 1.2768 277.66 1.2524 354.45 

48 MK4 0.1640729 0.4005 262.42 0.4629 153.25 

49 S4 0.1666667 0.5883 61.61 0.5895 61.37 

50 SK4 0.1668948 0.2747 338.88 0.3243 152.69 

51 2MK5 0.2028036 0.094 270.6 0.0967 61.16 

52 2SK5 0.2084474 0.0154 323.3 0.0165 319.79 

53 2MN6 0.240022 0.6079 331.75 0.5703 114.72 

54 M6 0.2415342 1.1719 13.82 1.1025 244.56 

55 2MS6 0.2443561 0.501 24.3 0.4816 178.01 

56 2MK6 0.2445843 0.1618 11.97 0.1833 339.72 

57 2SM6 0.2471781 0.2029 89.09 0.1993 165.77 

58 MSK6 0.2474062 0.0583 57.19 0.0675 307.91 

59 3MK7 0.2833149 0.0814 303.38 0.0821 170.85 

60 M8 0.3220456 0.4436 352.57 0.4089 300.22 

Table 9.5: Derived harmonic constituents for Auckland using hourly sea level measurements from throughout 2003 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 187.2449 0 187.2449 0 

2 SA 0.000114 4.6412 123.16 4.6412 305.8 

3 SSA 0.000228 2.7099 231.44 2.7099 30.69 

4 MSM 0.00131 0.7089 225.03 0.7089 245.61 

5 MM 0.001512 1.35 170.17 1.35 162.89 

6 MSF 0.002822 0.5193 27.81 0.5193 41.11 

7 MF 0.00305 0.1432 271.93 0.1432 84.48 

8 ALP1 0.034397 0.0644 347.08 0.0733 152.26 

9 2Q1 0.035706 0.1293 94.95 0.1441 281.09 

10 SIG1 0.035909 0.1992 309.59 0.2304 107.96 

11 Q1 0.037219 0.1287 146.74 0.1466 325.55 

12 RHO1 0.037421 0.1712 244.1 0.2061 35.1 

13 O1 0.038731 1.6313 146.59 1.8932 318.28 

14 TAU1 0.038959 0.133 148.58 0.105 295.73 

15 BET1 0.04004 0.0474 331.85 0.0563 342.75 

16 NO1 0.040269 0.2596 152.48 0.2189 344.37 

17 CHI1 0.040471 0.1411 175.14 0.1636 331.71 

18 PI1 0.041439 0.1229 218.94 0.1221 226.95 

19 P1 0.041553 2.3085 180.03 2.2938 10.78 

20 S1 0.041667 0.1751 82.76 0.1197 55.22 

21 K1 0.041781 7.036 188.69 7.7008 3.18 

22 PSI1 0.041895 0.0687 90.29 0.0697 83.21 

23 PHI1 0.042009 0.152 200.08 0.1385 165.89 

24 THE1 0.043091 0.2711 183.53 0.3062 22.04 

25 J1 0.043293 0.5864 209.54 0.6522 18.85 

26 SO1 0.044603 0.1362 185.25 0.1583 13.49 

27 OO1 0.044831 0.2797 239.06 0.4132 242.46 

28 UPS1 0.046343 0.0212 240.32 0.0327 234.93 

29 OQ2 0.075975 0.3721 142.42 0.3007 153.35 

30 EPS2 0.076177 0.6475 155.44 0.5827 138.31 

31 2N2 0.077487 2.996 165.03 2.5554 168.67 

32 MU2 0.077689 3.2337 184.28 3.0803 159.22 

33 N2 0.078999 22.046 198.94 21.4318 194 

34 NU2 0.079202 4.3445 202.29 4.1827 169.86 

35 H1 0.080397 0.8914 152.87 0.8375 136.98 

36 M2 0.080511 114.6012 233.44 111.1031 221.41 

37 H2 0.080625 0.4296 175.67 0.4223 345.79 

38 MKS2 0.08074 0.1076 157.93 0.1312 315.46 

39 LDA2 0.081821 1.0098 245.21 0.9746 74.13 

40 L2 0.082024 3.7151 275.22 4.8442 81.22 

41 T2 0.083219 1.4179 347.7 1.4179 165.06 

42 S2 0.083333 17.7577 305.88 17.784 305.8 

43 R2 0.083447 0.3978 257.55 0.4851 254.81 

44 K2 0.083561 4.4642 295.78 5.6102 105.24 

45 MSN2 0.084845 0.2654 140.95 0.2505 133.8 

46 ETA2 0.085074 0.0996 289.7 0.1195 93.92 

47 MO3 0.119242 0.6845 56.36 0.7702 216.02 
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NO NAME FREQUENCY A G AL GL 

48 M3 0.120767 1.4104 248.95 1.3486 231.07 

49 SO3 0.122064 0.0546 212.58 0.0635 24.19 

50 MK3 0.122292 0.1388 156.65 0.1472 319.12 

51 SK3 0.125114 1.1707 16.91 1.2832 191.32 

52 MN4 0.159511 0.6155 167.32 0.5801 150.35 

53 M4 0.161023 2.9544 179.87 2.7768 155.83 

54 SN4 0.162333 0.1851 146.49 0.1802 141.47 

55 MS4 0.163845 1.3739 274.61 1.3339 262.51 

56 MK4 0.164073 0.4666 273.58 0.5684 71.03 

57 S4 0.166667 0.5403 65.74 0.5419 65.58 

58 SK4 0.166895 0.2411 338.71 0.3035 148.1 

59 2MK5 0.202804 0.1153 275.88 0.1186 66.32 

60 2SK5 0.208447 0.0281 185.07 0.0308 359.4 

61 2MN6 0.240022 0.7132 335.46 0.6517 306.48 

62 M6 0.241534 1.1896 11.56 1.0839 335.5 

63 2MS6 0.244356 0.5051 28.32 0.4755 4.2 

64 2MK6 0.244584 0.1337 352.21 0.1579 137.63 

65 2SM6 0.247178 0.1231 58.48 0.1197 46.3 

66 MSK6 0.247406 0.0222 170.17 0.027 327.53 

67 3MK7 0.283315 0.1034 8.77 0.1031 147.19 

68 M8 0.322046 0.4362 339.61 0.3854 291.53 

Table 9.6: Derived harmonic constituents for Auckland using hourly sea level measurements from throughout 2004 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 110.9783 0 110.9783 0 

2 SA 0.000114 2.1697 51.14 2.1697 233.78 

3 SSA 0.000228 4.1662 228.16 4.1662 27.41 

4 MSM 0.00131 0.395 16.96 0.395 37.55 

5 MM 0.001512 1.908 331.3 1.908 324.02 

6 MSF 0.002822 2.6081 32.74 2.6081 46.04 

7 MF 0.00305 2.5061 175.38 2.5061 347.93 

8 ALP1 0.034397 0.1772 318.1 0.2007 123.27 

9 2Q1 0.035706 0.2821 9.14 0.3108 195.38 

10 SIG1 0.035909 0.2639 5.93 0.3047 164.3 

11 Q1 0.037219 1.0127 20.37 1.1468 199.24 

12 RHO1 0.037421 0.2607 20.95 0.3143 171.96 

13 O1 0.038731 3.2642 42.77 3.7896 214.46 

14 TAU1 0.038959 0.2172 79.94 0.173 227.14 

15 BET1 0.04004 0.1185 320.94 0.1406 331.84 

16 NO1 0.040269 0.1777 25.29 0.1547 216.6 

17 CHI1 0.040471 0.1075 121.03 0.1247 277.6 

18 PI1 0.041439 0.0485 328.44 0.0483 336.46 

19 P1 0.041553 0.9726 88.33 0.9665 279.08 

20 S1 0.041667 0.0638 96.22 0.0436 68.68 

21 K1 0.041781 2.6973 107.47 2.9523 281.96 

22 PSI1 0.041895 0.0078 120.4 0.0079 113.32 

23 PHI1 0.042009 0.1803 55.98 0.1644 21.79 

24 THE1 0.043091 0.0286 115.15 0.0323 313.63 

25 J1 0.043293 0.3611 190.18 0.3952 359.33 

26 SO1 0.044603 0.0582 299.16 0.0677 127.39 

27 OO1 0.044831 0.1826 265.34 0.2707 268.68 

28 UPS1 0.046343 0.0766 290.69 0.1175 285.3 

29 OQ2 0.075975 0.2529 32.94 0.2003 43.99 

30 EPS2 0.076177 0.3693 73.27 0.3297 56.23 

31 2N2 0.077487 1.7413 78.5 1.4646 82.3 

32 MU2 0.077689 1.8349 96.62 1.7445 71.59 

33 N2 0.078999 11.624 122.6 11.3002 117.66 

34 NU2 0.079202 2.3849 128.75 2.2946 96.32 

35 H1 0.080397 0.5089 160.38 0.4781 144.49 

36 M2 0.080511 49.1288 165.9 47.6254 153.87 

37 H2 0.080625 0.7626 105.88 0.7497 275.99 

38 MKS2 0.08074 0.1273 244.04 0.1554 41.55 

39 LDA2 0.081821 0.1418 140.94 0.1368 329.85 

40 L2 0.082024 1.3286 229.89 1.7323 35.89 

41 T2 0.083219 0.758 342.86 0.758 160.22 

42 S2 0.083333 2.5755 22.49 2.5793 22.41 

43 R2 0.083447 0.1679 156.39 0.2047 153.66 

44 K2 0.083561 0.9121 53.23 1.1466 222.69 

45 MSN2 0.084845 0.2084 335.64 0.1967 328.48 

46 ETA2 0.085074 0.1676 116.91 0.1979 280.98 

47 MO3 0.119242 0.4357 37.48 0.4903 197.14 
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NO NAME FREQUENCY A G AL GL 

48 M3 0.120767 0.6659 225.33 0.6367 207.46 

49 SO3 0.122064 0.2992 135.77 0.3479 307.38 

50 MK3 0.122292 0.3152 188.92 0.3345 351.39 

51 SK3 0.125114 0.4271 260.43 0.4682 74.84 

52 MN4 0.159511 0.2837 265.9 0.2673 248.93 

53 M4 0.161023 0.9372 309.51 0.8808 285.46 

54 SN4 0.162333 0.1321 322.3 0.1286 317.27 

55 MS4 0.163845 0.4681 11.31 0.4545 359.21 

56 MK4 0.164073 0.1271 7.94 0.1549 165.38 

57 S4 0.166667 0.1367 296.89 0.1371 296.73 

58 SK4 0.166895 0.0752 215.36 0.0947 24.74 

59 2MK5 0.202804 0.0614 330.92 0.0631 121.36 

60 2SK5 0.208447 0.1529 256.56 0.1678 70.89 

61 2MN6 0.240022 0.2834 147.38 0.2589 118.39 

62 M6 0.241534 0.5178 190.45 0.4717 154.38 

63 2MS6 0.244356 0.4661 250.51 0.4387 226.39 

64 2MK6 0.244584 0.1326 252.11 0.1566 37.52 

65 2SM6 0.247178 0.0193 236.88 0.0188 224.7 

66 MSK6 0.247406 0.0224 195.66 0.0273 353.02 

67 3MK7 0.283315 0.0447 137.94 0.0446 276.36 

68 M8 0.322046 0.1435 190.19 0.1268 142.09 

Table 9.7: Derived harmonic constituents for Wellington using hourly sea level measurements from throughout 2004 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 109.8297 0 109.8297 0 

2 SSA 0.000228 1.6085 85.89 1.6085 245.58 

3 MSM 0.00131 1.4466 195.85 1.4466 59.2 

4 MM 0.001512 2.0076 277.86 2.0076 357.88 

5 MSF 0.002822 1.5514 187.11 1.5514 130.49 

6 MF 0.00305 1.5089 314.6 1.5089 57.67 

7 ALP1 0.034397 0.1215 174.8 0.1447 220.33 

8 2Q1 0.035706 0.2134 325.7 0.2568 232.88 

9 SIG1 0.035909 0.2224 7.32 0.2608 133.78 

10 Q1 0.037219 0.8774 31.44 1.0414 19.97 

11 RHO1 0.037421 0.07 43.99 0.0801 251.64 

12 O1 0.038731 3.162 40.82 3.6998 110.84 

13 TAU1 0.038959 0.1128 129.04 0.0882 185.47 

14 BET1 0.04004 0.0704 192.36 0.0856 306.15 

15 NO1 0.040269 0.258 52.21 0.354 338.09 

16 CHI1 0.040471 0.0957 27.78 0.1131 150.18 

17 P1 0.041553 1.0324 99.77 1.0215 109.8 

18 K1 0.041781 2.5323 104.17 2.8053 91.4 

19 PHI1 0.042009 0.1043 344.17 0.1008 136.93 

20 THE1 0.043091 0.0401 50.7 0.0466 261.84 

21 J1 0.043293 0.3151 177.1 0.3742 247.59 

22 SO1 0.044603 0.1461 248.4 0.1714 178.43 

23 OO1 0.044831 0.1667 229.24 0.3019 317.32 

24 UPS1 0.046343 0.0144 96.41 0.0255 262.05 

25 OQ2 0.075975 0.199 92.73 0.2115 260.07 

26 EPS2 0.076177 0.4186 80.63 0.4231 109.21 

27 2N2 0.077487 1.4957 102.2 1.5625 351.39 

28 MU2 0.077689 1.9641 98.58 1.9171 210.03 

29 N2 0.078999 12.8443 125.18 12.404 100.86 

30 NU2 0.079202 2.4316 131.78 2.3583 324.67 

31 M2 0.080511 49.0591 166.3 47.4048 222.27 

32 MKS2 0.08074 0.0735 301.9 0.0923 152.09 

33 LDA2 0.081821 0.3333 148.29 0.3193 247.35 

34 L2 0.082024 1.7569 123.12 1.5284 101.17 

35 S2 0.083333 2.6199 20.04 2.6257 20.08 

36 K2 0.083561 0.9755 55.85 1.2648 210.1 

37 MSN2 0.084845 0.1022 318.93 0.0956 39.27 

38 ETA2 0.085074 0.1041 49.89 0.1624 289.39 

39 MO3 0.119242 0.1628 357.07 0.1841 123.05 

40 M3 0.120767 0.8256 215.08 0.782 118.85 

41 SO3 0.122064 0.3887 134.34 0.4558 204.4 

42 MK3 0.122292 0.3436 178.09 0.3679 221.29 

43 SK3 0.125114 0.4247 269.39 0.4715 256.66 

44 MN4 0.159511 0.3775 268.87 0.3522 300.52 

45 M4 0.161023 0.9973 312.56 0.9312 64.51 

46 SN4 0.162333 0.1879 314.44 0.1818 290.17 

47 MS4 0.163845 0.4898 16.1 0.4743 72.12 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.1651 19.25 0.2068 229.48 

49 S4 0.166667 0.1391 282.22 0.1397 282.31 

50 SK4 0.166895 0.0466 244.14 0.0606 38.44 

51 2MK5 0.202804 0.0238 340.89 0.0246 80.06 

52 2SK5 0.208447 0.1824 285.38 0.203 272.7 

53 2MN6 0.240022 0.2601 136.81 0.2345 224.43 

54 M6 0.241534 0.5364 188.56 0.484 356.47 

55 2MS6 0.244356 0.5235 248.18 0.4899 0.17 

56 2MK6 0.244584 0.1264 231.42 0.1531 137.62 

57 2SM6 0.247178 0.1128 284.56 0.1095 340.63 

58 MSK6 0.247406 0.0221 185.37 0.0277 35.64 

59 3MK7 0.283315 0.0939 138.14 0.0938 293.29 

60 M8 0.322046 0.2655 186.01 0.2314 49.89 

Table 9.8: Derived harmonic constituents for Wellington using hourly sea level measurements from throughout 2007 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 139.5414 0 139.5414 0 

2 SSA 0.000228 2.4216 159.46 2.4216 319.22 

3 MSM 0.00131 1.7198 148.72 1.7198 345.48 

4 MM 0.001512 1.2564 358.22 1.2564 86.2 

5 MSF 0.002822 3.7334 121.24 3.7334 45.98 

6 MF 0.00305 3.0277 245.8 3.0277 330.29 

7 ALP1 0.034397 0.0706 14.29 0.0772 79.47 

8 2Q1 0.035706 0.2675 353.48 0.2877 257.42 

9 SIG1 0.035909 0.3298 41.02 0.3655 194.42 

10 Q1 0.037219 0.9258 56.59 1.0148 47.44 

11 RHO1 0.037421 0.1992 123.13 0.2253 6.73 

12 O1 0.038731 2.724 68.3 3.0356 146.18 

13 TAU1 0.038959 0.0651 334.02 0.059 29.71 

14 BET1 0.04004 0.1584 232.25 0.1803 324.75 

15 NO1 0.040269 0.1598 31.15 0.2125 314.82 

16 CHI1 0.040471 0.136 64.27 0.1526 228.06 

17 P1 0.041553 1.3115 125.43 1.3037 136.15 

18 K1 0.041781 4.6993 108.14 5.036 104.87 

19 PHI1 0.042009 0.0996 23.6 0.0961 172.34 

20 THE1 0.043091 0.0456 289.69 0.0521 126.65 

21 J1 0.043293 0.1772 171.58 0.187 257.04 

22 SO1 0.044603 0.0872 127.08 0.0973 49.08 

23 OO1 0.044831 0.1697 181.07 0.2557 288.16 

24 UPS1 0.046343 0.0358 261.6 0.0519 92.23 

25 OQ2 0.075975 0.3357 44.34 0.289 226.57 

26 EPS2 0.076177 0.7573 57.03 0.7088 125.38 

27 2N2 0.077487 2.6434 77.78 2.3851 345.96 

28 MU2 0.077689 3.0679 87.6 2.9705 240.94 

29 N2 0.078999 18.7714 116.93 18.3406 106.07 

30 NU2 0.079202 3.8972 120.13 3.7869 0.03 

31 M2 0.080511 86.3123 152.66 84.5686 229.56 

32 MKS2 0.08074 0.4202 30.11 0.4863 281.02 

33 LDA2 0.081821 0.6511 176.71 0.6359 270.95 

34 L2 0.082024 2.2735 228.61 2.1339 232.72 

35 S2 0.083333 5.6587 179.55 5.6646 179.43 

36 K2 0.083561 1.9017 148.69 2.2435 322.58 

37 MSN2 0.084845 0.1064 62.98 0.102 150.61 

38 ETA2 0.085074 0.3328 159.58 0.3891 59.59 

39 MO3 0.119242 0.4099 41.87 0.4476 196.64 

40 M3 0.120767 0.3875 183.16 0.3762 298.85 

41 SO3 0.122064 0.2786 118.33 0.3108 196.09 

42 MK3 0.122292 0.2748 127.56 0.2885 201.18 

43 SK3 0.125114 0.5177 317.3 0.5554 313.91 

44 MN4 0.159511 0.2241 184.25 0.2146 250.29 

45 M4 0.161023 0.4017 162.24 0.3857 316.03 

46 SN4 0.162333 0.0827 249.67 0.0809 238.69 

47 MS4 0.163845 0.3172 199.55 0.3111 276.33 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.087 185.86 0.1006 76.66 

49 S4 0.166667 0.2751 307.82 0.2757 307.58 

50 SK4 0.166895 0.2684 247.19 0.317 60.97 

51 2MK5 0.202804 0.0687 238.3 0.0707 28.82 

52 2SK5 0.208447 0.2939 252.13 0.3156 248.61 

53 2MN6 0.240022 0.3992 101.28 0.3744 244.22 

54 M6 0.241534 0.8559 168.58 0.8051 39.26 

55 2MS6 0.244356 0.7412 248.08 0.7123 41.76 

56 2MK6 0.244584 0.1295 250.52 0.1467 218.21 

57 2SM6 0.247178 0.034 161.69 0.0334 238.35 

58 MSK6 0.247406 0.1156 110.45 0.1338 1.12 

59 3MK7 0.283315 0.252 104.15 0.254 331.56 

60 M8 0.322046 0.4361 203.82 0.402 151.41 

Table 9.9: Derived harmonic constituents for Lyttelton using hourly sea level measurements from throughout 2003 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 138.78 0 138.78 0 

2 SSA 0.000228 1.1283 42 1.1283 200.73 

3 MSM 0.00131 0.3412 127.88 0.3412 332.28 

4 MM 0.001512 3.0396 5.23 3.0396 262.7 

5 MSF 0.002822 2.8775 115.8 2.8775 217.67 

6 MF 0.00305 0.1748 27.41 0.1748 288.02 

7 ALP1 0.034397 0.0248 108.69 0.0288 14.33 

8 2Q1 0.035706 0.3514 1.34 0.3971 110.87 

9 SIG1 0.035909 0.2493 12.67 0.2923 176.19 

10 Q1 0.037219 0.8864 70.92 1.0256 78.6 

11 RHO1 0.037421 0.3888 50.31 0.4633 109.68 

12 O1 0.038731 2.645 68.03 3.1196 333.65 

13 TAU1 0.038959 0.0772 331.31 0.0598 211.89 

14 BET1 0.04004 0.1138 87.82 0.1385 17.57 

15 NO1 0.040269 0.354 70.62 0.4074 149.72 

16 CHI1 0.040471 0.0729 279.52 0.0863 68.32 

17 P1 0.041553 1.3299 113.31 1.3181 124 

18 K1 0.041781 4.6432 107.91 5.1471 99.76 

19 PHI1 0.042009 0.1361 163.47 0.1267 307.08 

20 THE1 0.043091 0.2186 174.79 0.2517 11.31 

21 J1 0.043293 0.4398 157.79 0.485 49.08 

22 SO1 0.044603 0.1005 155.73 0.1188 250.08 

23 OO1 0.044831 0.1038 204.35 0.177 99 

24 UPS1 0.046343 0.0503 253.58 0.0843 49.39 

25 OQ2 0.075975 0.4452 72.72 0.3654 271.42 

26 EPS2 0.076177 0.6024 64.81 0.5393 321.31 

27 2N2 0.077487 3.1671 85.31 2.7085 184.19 

28 MU2 0.077689 3.077 90.14 2.9126 246.39 

29 N2 0.078999 19.6813 114.68 19.0714 116.19 

30 NU2 0.079202 3.7152 120.06 3.5655 174.84 

31 M2 0.080511 86.1619 154.04 83.0686 52.99 

32 MKS2 0.08074 0.04 45.86 0.0505 108.95 

33 LDA2 0.081821 0.6385 179.72 0.6115 103.11 

34 L2 0.082024 2.9519 205.12 3.4083 164.36 

35 S2 0.083333 5.7115 179.67 5.7224 179.64 

36 K2 0.083561 1.7962 152.88 2.3451 316.99 

37 MSN2 0.084845 0.1477 318.27 0.1383 215.68 

38 ETA2 0.085074 0.2998 116.2 0.3776 184.98 

39 MO3 0.119242 0.3415 15.62 0.3883 180.19 

40 M3 0.120767 0.5317 187.82 0.5034 36.11 

41 SO3 0.122064 0.3006 117.44 0.3552 23.03 

42 MK3 0.122292 0.264 130.24 0.2822 21.04 

43 SK3 0.125114 0.4781 322.31 0.531 314.13 

44 MN4 0.159511 0.2487 181.01 0.2323 81.47 

45 M4 0.161023 0.4047 156.92 0.3762 314.82 

46 SN4 0.162333 0.1707 180.15 0.1657 181.63 

47 MS4 0.163845 0.2166 196.71 0.2092 95.63 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.0787 207 0.0991 270.06 

49 S4 0.166667 0.2437 294.45 0.2446 294.39 

50 SK4 0.166895 0.2361 281.98 0.3089 86.06 

51 2MK5 0.202804 0.0482 162.74 0.0497 312.5 

52 2SK5 0.208447 0.1866 267.43 0.2076 259.22 

53 2MN6 0.240022 0.4259 94.9 0.3836 254.31 

54 M6 0.241534 0.6849 162.58 0.6137 219.43 

55 2MS6 0.244356 0.9126 241 0.8499 38.87 

56 2MK6 0.244584 0.2572 256.64 0.3122 218.65 

57 2SM6 0.247178 0.0609 136.68 0.0589 35.57 

58 MSK6 0.247406 0.0327 195.44 0.0413 258.47 

59 3MK7 0.283315 0.1547 133.26 0.1537 181.97 

60 M8 0.322046 0.2502 253.71 0.2162 209.52 

Table 9.10: Derived harmonic constituents for Lyttelton using hourly sea level measurements from throughout 2005 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 111.444 0 111.444 0 

2 SA 0.000114 1.898 219.17 1.898 41.77 

3 SSA 0.000228 1.1501 210.94 1.1501 10.25 

4 MSM 0.00131 0.9039 349.85 0.9039 343.85 

5 MM 0.001512 2.0366 142.91 2.0366 143.59 

6 MSF 0.002822 1.5746 322.03 1.5746 316.71 

7 MF 0.00305 3.7659 169.64 3.7659 323.62 

8 ALP1 0.034397 0.1254 39.11 0.1204 229.51 

9 2Q1 0.035706 0.2185 32.31 0.2135 216.01 

10 SIG1 0.035909 0.2765 9.22 0.264 199.52 

11 Q1 0.037219 0.7072 61.19 0.6765 245.54 

12 RHO1 0.037421 0.3194 57.66 0.3153 246.69 

13 O1 0.038731 2.8095 71.73 2.6478 256.63 

14 TAU1 0.038959 0.0542 36.56 0.0573 201.31 

15 BET1 0.04004 0.1127 55.91 0.1043 52.81 

16 NO1 0.040269 0.6772 214.47 0.2815 32.43 

17 CHI1 0.040471 0.0479 86.83 0.0453 276.14 

18 PI1 0.041439 0.1483 261.22 0.1488 269.36 

19 P1 0.041553 0.6579 130.22 0.6617 321.15 

20 S1 0.041667 1.3617 252.2 0.9749 224.84 

21 K1 0.041781 2.5122 112.04 2.4176 290.23 

22 PSI1 0.041895 0.0952 148.54 0.0945 141.79 

23 PHI1 0.042009 0.2 162.58 0.1991 128.76 

24 THE1 0.043091 0.0811 36.87 0.0767 214.96 

25 J1 0.043293 0.3329 173.75 0.3399 356.55 

26 SO1 0.044603 0.1889 228.44 0.1779 43.43 

27 OO1 0.044831 0.8145 200.72 0.5246 199.53 

28 UPS1 0.046343 0.2299 295.5 0.1753 297.16 

29 OQ2 0.075975 0.4079 74.32 0.4928 81.46 

30 EPS2 0.076177 0.2132 101.65 0.2316 113.61 

31 2N2 0.077487 2.7844 93.35 3.1457 99.59 

32 MU2 0.077689 1.6114 118.28 1.6675 130.87 

33 N2 0.078999 18.5279 120.28 18.7487 126.95 

34 NU2 0.079202 3.7474 118.88 3.8249 132.3 

35 H1 0.080397 0.5524 53.36 0.5825 57.15 

36 M2 0.080511 80.8896 143.37 82.24 150.63 

37 H2 0.080625 0.1174 169.74 0.1186 358.78 

38 MKS2 0.08074 0.1414 218.1 0.1279 41.35 

39 LDA2 0.081821 1.5567 111.95 1.5878 293.55 

40 L2 0.082024 4.0738 118.76 5.0174 305.91 

41 T2 0.083219 0.2823 282.38 0.2823 99.78 

42 S2 0.083333 9.4602 161.02 9.4521 160.91 

43 R2 0.083447 0.0409 318.78 0.0505 315.58 

44 K2 0.083561 3.518 158.54 3.1325 334.43 

45 MSN2 0.084845 0.4245 341.37 0.4364 341.85 

46 ETA2 0.085074 0.128 326.05 0.1271 150.75 

47 MO3 0.119242 0.2225 98.15 0.2132 290.3 
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NO NAME FREQUENCY A G AL GL 

48 M3 0.120767 0.0675 201.36 0.0692 32.2 

49 SO3 0.122064 0.3674 160.5 0.3459 345.29 

50 MK3 0.122292 0.3082 143.14 0.3015 328.58 

51 SK3 0.125114 0.6768 3.15 0.6508 181.22 

52 MN4 0.159511 3.0697 193.97 3.1582 207.89 

53 M4 0.161023 7.102 207.74 7.3412 222.25 

54 SN4 0.162333 0.1745 253.12 0.1765 259.67 

55 MS4 0.163845 1.9389 235.14 1.9696 242.28 

56 MK4 0.164073 0.7046 241.99 0.6378 65.14 

57 S4 0.166667 0.3888 353.1 0.3881 352.87 

58 SK4 0.166895 0.3189 331.53 0.2837 147.3 

59 2MK5 0.202804 0.1183 9.76 0.1176 202.46 

60 2SK5 0.208447 0.1 225.68 0.0961 43.64 

61 2MN6 0.240022 1.1322 38.99 1.1843 60.17 

62 M6 0.241534 2.1159 74.24 2.2237 96.01 

63 2MS6 0.244356 0.524 82.32 0.5411 96.71 

64 2MK6 0.244584 0.2595 36.42 0.2388 226.82 

65 2SM6 0.247178 0.1068 57.3 0.1084 64.32 

66 MSK6 0.247406 0.1238 19.39 0.112 202.42 

67 3MK7 0.283315 0.0969 56.02 0.0979 255.98 

68 M8 0.322046 0.546 121.89 0.5834 150.91 

Table 9.11: Derived harmonic constituents for Dunedin using hourly sea level measurements from throughout 2000 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 109.7298 0 109.7298 0 

2 SSA 0.000228 2.8372 124.57 2.8372 283.37 

3 MSM 0.00131 3.1209 54.1 3.1209 231.92 

4 MM 0.001512 1.4056 312.18 1.4056 217.6 

5 MSF 0.002822 3.1898 40.74 3.1898 123.98 

6 MF 0.00305 1.4157 94.46 1.4157 336.5 

7 ALP1 0.034397 0.4817 41.8 0.4867 331.03 

8 2Q1 0.035706 0.107 136.99 0.1117 244.22 

9 SIG1 0.035909 0.2724 33 0.2741 226.19 

10 Q1 0.037219 1.1045 51.6 1.1259 63.24 

11 RHO1 0.037421 0.2148 356.46 0.2087 92.28 

12 O1 0.038731 2.8566 73.12 2.8625 349.37 

13 TAU1 0.038959 0.0917 294.79 0.0977 187.13 

14 BET1 0.04004 0.1381 281.28 0.1383 193.46 

15 NO1 0.040269 0.2262 113.61 0.2209 180.8 

16 CHI1 0.040471 0.2404 265.84 0.2429 91.49 

17 P1 0.041553 0.9014 121.99 0.9018 133.16 

18 K1 0.041781 2.32 116.64 2.3251 114.91 

19 PHI1 0.042009 0.0502 347.43 0.0518 131.84 

20 THE1 0.043091 0.0409 299.75 0.0397 119.71 

21 J1 0.043293 0.0729 251.34 0.0777 156.07 

22 SO1 0.044603 0.1624 236.35 0.1627 319.97 

23 OO1 0.044831 0.1612 280.84 0.1593 179.51 

24 UPS1 0.046343 0.0557 210.76 0.0564 20.25 

25 OQ2 0.075975 0.3058 65.38 0.3468 275.85 

26 EPS2 0.076177 0.2226 99.79 0.2363 32.69 

27 2N2 0.077487 2.2226 104.21 2.4472 216.36 

28 MU2 0.077689 1.4252 108.08 1.4523 304.46 

29 N2 0.078999 18.4026 119.58 18.4729 132.79 

30 NU2 0.079202 3.5209 115.02 3.5699 215.88 

31 M2 0.080511 81.6984 142.7 82.1007 61.53 

32 MKS2 0.08074 0.3592 176.29 0.3547 271.72 

33 LDA2 0.081821 1.0371 112.07 1.043 29.19 

34 L2 0.082024 4.0445 121.82 4.2793 112.47 

35 S2 0.083333 9.7435 158.46 9.7427 158.33 

36 K2 0.083561 3.4932 149.07 3.4331 325.53 

37 MSN2 0.084845 0.6933 336.4 0.6993 241.89 

38 ETA2 0.085074 0.1452 309.79 0.1619 34.63 

39 MO3 0.119242 0.2497 109.68 0.2515 304.76 

40 M3 0.120767 0.07 139.48 0.0706 197.81 

41 SO3 0.122064 0.3728 168.97 0.3735 85.08 

42 MK3 0.122292 0.3238 147.38 0.3261 64.49 

43 SK3 0.125114 0.6557 6.08 0.6571 4.22 

44 MN4 0.159511 3.166 189.07 3.1938 121.11 

45 M4 0.161023 7.3601 206.22 7.4328 43.88 

46 SN4 0.162333 0.329 265.98 0.3303 279.06 

47 MS4 0.163845 1.9397 230.06 1.949 148.76 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.6549 217.56 0.6468 312.86 

49 S4 0.166667 0.419 19.06 0.419 18.8 

50 SK4 0.166895 0.2389 304.69 0.2347 121.03 

51 2MK5 0.202804 0.1113 5.11 0.1126 201.05 

52 2SK5 0.208447 0.1235 219.87 0.1237 217.88 

53 2MN6 0.240022 1.1868 34.11 1.2031 244.98 

54 M6 0.241534 2.1288 70.09 2.1604 186.58 

55 2MS6 0.244356 0.4735 71.03 0.4781 268.57 

56 2MK6 0.244584 0.2499 50.45 0.2481 64.58 

57 2SM6 0.247178 0.0906 100.36 0.091 18.93 

58 MSK6 0.247406 0.0981 31.59 0.0969 126.76 

59 3MK7 0.283315 0.12 36.51 0.122 151.28 

60 M8 0.322046 0.5597 112.92 0.5708 148.25 

Table 9.12: Derived harmonic constituents for Dunedin using hourly sea level measurements from throughout 2001 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 108.643 0 108.643 0 

2 SSA 0.000228 2.2636 89.06 2.2636 248.33 

3 MSM 0.00131 1.2299 33.01 1.2299 40.3 

4 MM 0.001512 1.8693 59.67 1.8693 236.37 

5 MSF 0.002822 1.5014 29.28 1.5014 213.27 

6 MF 0.00305 0.4085 230.63 0.4085 213.9 

7 ALP1 0.034397 0.4602 41.86 0.4847 218.97 

8 2Q1 0.035706 0.2512 17.58 0.27 204.01 

9 SIG1 0.035909 0.5618 50.1 0.5919 43.11 

10 Q1 0.037219 0.9799 47.24 1.0459 48.71 

11 RHO1 0.037421 0.2993 126.43 0.3023 297.31 

12 O1 0.038731 2.7558 76.06 2.9137 252.7 

13 TAU1 0.038959 0.1862 25.34 0.191 178.84 

14 BET1 0.04004 0.2038 79.72 0.2191 81.55 

15 NO1 0.040269 0.069 257.4 0.0999 72.76 

16 CHI1 0.040471 0.1146 112.1 0.1228 107.41 

17 P1 0.041553 0.6639 119.93 0.6609 130.9 

18 K1 0.041781 2.5562 116.44 2.6586 114.31 

19 PHI1 0.042009 0.1998 282.62 0.2059 69.59 

20 THE1 0.043091 0.1217 145.96 0.13 152.93 

21 J1 0.043293 0.0961 281.69 0.1019 95.53 

22 SO1 0.044603 0.2176 264.99 0.2301 88.21 

23 OO1 0.044831 0.1451 326.37 0.2001 330.53 

24 UPS1 0.046343 0.0992 261.21 0.128 81.74 

25 OQ2 0.075975 0.053 165.76 0.0531 185.03 

26 EPS2 0.076177 0.1514 71.36 0.1521 253.27 

27 2N2 0.077487 1.5388 98.49 1.5705 290.86 

28 MU2 0.077689 1.5654 106.6 1.5567 101.89 

29 N2 0.078999 17.9414 118.02 17.8462 119.49 

30 NU2 0.079202 3.7835 117.26 3.7598 287.38 

31 M2 0.080511 82.6194 142.18 81.9988 320.13 

32 MKS2 0.08074 0.1355 189.89 0.1458 184 

33 LDA2 0.081821 1.3495 115.12 1.3369 120.94 

34 L2 0.082024 4.2481 107.4 3.0365 277.27 

35 S2 0.083333 9.8345 157.23 9.8403 157.1 

36 K2 0.083561 3.2711 147.66 3.5453 323.69 

37 MSN2 0.084845 0.2112 310.82 0.2086 127.16 

38 ETA2 0.085074 0.3007 210.66 0.3521 202.08 

39 MO3 0.119242 0.285 109.26 0.2991 103.84 

40 M3 0.120767 0.2188 346.12 0.2163 73.31 

41 SO3 0.122064 0.3845 168.07 0.4068 344.57 

42 MK3 0.122292 0.315 161.49 0.3252 337.31 

43 SK3 0.125114 0.7559 3.59 0.7867 1.33 

44 MN4 0.159511 3.1698 190.81 3.1293 10.24 

45 M4 0.161023 7.2838 204.36 7.1748 200.25 

46 SN4 0.162333 0.1126 352.87 0.1121 354.21 

47 MS4 0.163845 1.9994 230.27 1.9855 48.08 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.5041 212.71 0.5423 206.69 

49 S4 0.166667 0.3374 27.9 0.3378 27.63 

50 SK4 0.166895 0.3069 298.74 0.3328 114.64 

51 2MK5 0.202804 0.134 357.82 0.1373 351.59 

52 2SK5 0.208447 0.0841 229.71 0.0876 227.31 

53 2MN6 0.240022 1.2166 34.61 1.192 31.98 

54 M6 0.241534 2.1435 67.32 2.0955 241.16 

55 2MS6 0.244356 0.5363 69.33 0.5286 65.09 

56 2MK6 0.244584 0.2223 75.8 0.2374 247.73 

57 2SM6 0.247178 0.0662 86.38 0.0658 264.05 

58 MSK6 0.247406 0.1042 6.75 0.1121 0.6 

59 3MK7 0.283315 0.0567 37.93 0.0577 209.65 

60 M8 0.322046 0.554 106.46 0.5376 98.25 

Table 9.13: Derived harmonic constituents for Dunedin using hourly sea level measurements from throughout 2002 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 108.7935 0 108.7935 0 

2 SSA 0.000228 1.9384 180.51 1.9384 340.26 

3 MSM 0.00131 1.3841 146.59 1.3841 343.36 

4 MM 0.001512 0.9259 17.76 0.9259 105.74 

5 MSF 0.002822 3.7142 94.36 3.7142 19.1 

6 MF 0.00305 3.9385 244.01 3.9385 328.51 

7 ALP1 0.034397 0.2252 183.31 0.2458 248.57 

8 2Q1 0.035706 0.0673 344.44 0.0721 248.63 

9 SIG1 0.035909 0.4936 33.66 0.5467 187.08 

10 Q1 0.037219 1.1102 49.97 1.2152 40.94 

11 RHO1 0.037421 0.4254 44.77 0.4814 288.41 

12 O1 0.038731 2.9796 72.54 3.3208 150.42 

13 TAU1 0.038959 0.402 273.04 0.3655 328.62 

14 BET1 0.04004 0.0599 223.45 0.0681 315.95 

15 NO1 0.040269 0.1136 354.93 0.1518 278.07 

16 CHI1 0.040471 0.0324 9.17 0.0364 172.95 

17 P1 0.041553 0.7129 156.42 0.7087 167.15 

18 K1 0.041781 2.5454 114.07 2.7278 110.79 

19 PHI1 0.042009 0.0367 211.09 0.0354 359.83 

20 THE1 0.043091 0.0987 96.66 0.1126 293.57 

21 J1 0.043293 0.0705 41.89 0.0741 127.01 

22 SO1 0.044603 0.2176 276.27 0.2428 198.26 

23 OO1 0.044831 0.0631 327.64 0.0951 74.65 

24 UPS1 0.046343 0.1918 293.91 0.2776 124.44 

25 OQ2 0.075975 0.2002 334.65 0.1715 157.3 

26 EPS2 0.076177 0.2115 120.89 0.1976 189.42 

27 2N2 0.077487 1.9951 64.83 1.7948 333.32 

28 MU2 0.077689 1.3338 110.9 1.2908 264.28 

29 N2 0.078999 17.725 116.57 17.3181 105.71 

30 NU2 0.079202 3.8919 118.69 3.7809 358.58 

31 M2 0.080511 82.4136 142.18 80.7471 219.07 

32 MKS2 0.08074 0.1177 272.61 0.1362 163.51 

33 LDA2 0.081821 1.3525 106.57 1.3208 200.81 

34 L2 0.082024 2.2904 119.65 2.1497 123.75 

35 S2 0.083333 10.2006 159.97 10.2113 159.85 

36 K2 0.083561 3.1214 148.47 3.6829 322.36 

37 MSN2 0.084845 0.7242 310.27 0.694 37.9 

38 ETA2 0.085074 0.1857 238.57 0.2164 138.24 

39 MO3 0.119242 0.4873 104.86 0.5321 259.63 

40 M3 0.120767 0.1371 330.59 0.1331 86.28 

41 SO3 0.122064 0.2374 175.51 0.2648 253.28 

42 MK3 0.122292 0.3108 166.33 0.3263 239.94 

43 SK3 0.125114 0.6492 8.45 0.6965 5.05 

44 MN4 0.159511 3.0305 189.87 2.9011 255.91 

45 M4 0.161023 7.4522 205.92 7.1539 359.7 

46 SN4 0.162333 0.1835 271.4 0.1794 260.42 

47 MS4 0.163845 2.0655 234.65 2.0259 311.42 
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NO NAME FREQUENCY A G AL GL 

48 MK4 0.164073 0.5354 223.23 0.6189 114.02 

49 S4 0.166667 0.3404 25.29 0.3412 25.05 

50 SK4 0.166895 0.2018 302.63 0.2383 116.4 

51 2MK5 0.202804 0.1315 10.6 0.1353 161.1 

52 2SK5 0.208447 0.0854 230.65 0.0917 227.13 

53 2MN6 0.240022 1.1338 29.52 1.0634 172.45 

54 M6 0.241534 2.1962 66.66 2.0656 297.33 

55 2MS6 0.244356 0.6009 67.92 0.5774 221.58 

56 2MK6 0.244584 0.2304 81.52 0.261 49.2 

57 2SM6 0.247178 0.0732 107.34 0.0719 183.99 

58 MSK6 0.247406 0.0568 32.27 0.0658 282.94 

59 3MK7 0.283315 0.0735 49.46 0.0741 276.86 

60 M8 0.322046 0.5154 112.36 0.475 59.92 

Table 9.14: Derived harmonic constituents for Dunedin using hourly sea level measurements from throughout 2003 
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NO NAME FREQUENCY A G AL GL 

1 Z0 0 108.984 0 108.984 0 

2 SA 0.000114 2.9077 69.08 2.9077 251.72 

3 SSA 0.000228 3.315 215.32 3.315 14.57 

4 MSM 0.00131 0.6717 32.66 0.6717 53.25 

5 MM 0.001512 1.7745 304.17 1.7745 296.89 

6 MSF 0.002822 3.9864 18.79 3.9864 32.09 

7 MF 0.00305 2.4482 169.26 2.4482 341.81 

8 ALP1 0.034397 0.2602 3.24 0.2933 168.39 

9 2Q1 0.035706 0.0833 138.33 0.0908 324.67 

10 SIG1 0.035909 0.6412 18.74 0.7394 177.1 

11 Q1 0.037219 1.1628 72.13 1.3104 251.05 

12 RHO1 0.037421 0.0905 69.19 0.1092 220.22 

13 O1 0.038731 2.6885 72.88 3.1222 244.58 

14 TAU1 0.038959 0.3154 250.59 0.2533 37.84 

15 BET1 0.04004 0.3318 57.37 0.3938 68.27 

16 NO1 0.040269 0.317 14.49 0.2838 205.31 

17 CHI1 0.040471 0.1052 327.65 0.1221 124.21 

18 PI1 0.041439 0.1147 169.84 0.114 177.86 

19 P1 0.041553 1.1418 134.45 1.1347 325.2 

20 S1 0.041667 1.0003 284.48 0.6837 256.94 

21 K1 0.041781 2.2497 117.89 2.4625 292.38 

22 PSI1 0.041895 0.1178 134.2 0.1196 127.12 

23 PHI1 0.042009 0.2504 219.94 0.2282 185.75 

24 THE1 0.043091 0.2314 236.4 0.2624 74.87 

25 J1 0.043293 0.2881 237.02 0.3107 46.02 

26 SO1 0.044603 0.0617 76.52 0.0717 264.75 

27 OO1 0.044831 0.2133 350.26 0.3172 353.56 

28 UPS1 0.046343 0.1725 286.83 0.2634 281.43 

29 OQ2 0.075975 0.7789 70.26 0.6048 81.43 

30 EPS2 0.076177 0.5121 101.25 0.4537 84.3 

31 2N2 0.077487 3.7344 78.85 3.0983 82.82 

32 MU2 0.077689 1.6688 109.64 1.5836 84.62 

33 N2 0.078999 17.7281 115.46 17.2342 110.52 

34 NU2 0.079202 3.8187 116.55 3.6716 84.12 

35 H1 0.080397 0.8564 112.25 0.8046 96.37 

36 M2 0.080511 82.3657 143.22 79.8388 131.19 

37 H2 0.080625 0.9079 79.53 0.8925 249.64 

38 MKS2 0.08074 0.253 192.82 0.3089 350.33 

39 LDA2 0.081821 1.3704 110.67 1.3225 299.59 

40 L2 0.082024 2.8049 152.05 3.6574 318.05 

41 T2 0.083219 0.1561 287.64 0.1561 105 

42 S2 0.083333 9.8121 158.72 9.8263 158.64 

43 R2 0.083447 0.1933 234.55 0.2357 231.81 

44 K2 0.083561 3.3955 154.35 4.27 323.81 

45 MSN2 0.084845 0.7339 321.53 0.6925 314.37 

46 ETA2 0.085074 0.4143 166.75 0.4819 330.66 

47 MO3 0.119242 0.4261 97.27 0.4796 256.94 
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NO NAME FREQUENCY A G AL GL 

48 M3 0.120767 0.1714 309.83 0.1638 291.95 

49 SO3 0.122064 0.2653 182.41 0.3085 354.02 

50 MK3 0.122292 0.2698 153.96 0.2863 316.42 

51 SK3 0.125114 0.6469 11.25 0.7091 185.66 

52 MN4 0.159511 2.7134 192.49 2.5569 175.51 

53 M4 0.161023 7.3262 208.35 6.8836 184.29 

54 SN4 0.162333 0.203 262.2 0.1976 257.17 

55 MS4 0.163845 2.0694 233.01 2.0088 220.9 

56 MK4 0.164073 0.6543 229.16 0.7976 26.6 

57 S4 0.166667 0.3664 17.38 0.3674 17.23 

58 SK4 0.166895 0.225 322.2 0.2834 131.58 

59 2MK5 0.202804 0.1592 16.23 0.1637 166.66 

60 2SK5 0.208447 0.1073 214.38 0.1178 28.71 

61 2MN6 0.240022 1.2505 27.18 1.1422 358.18 

62 M6 0.241534 2.3447 72.13 2.1355 36.04 

63 2MS6 0.244356 0.6298 73.14 0.5926 49.01 

64 2MK6 0.244584 0.2237 46.92 0.2643 192.33 

65 2SM6 0.247178 0.0832 82.12 0.0809 69.93 

66 MSK6 0.247406 0.08 359.6 0.0977 156.95 

67 3MK7 0.283315 0.0822 11.05 0.082 149.46 

68 M8 0.322046 0.5299 115.07 0.4678 66.96 

Table 9.15: Derived harmonic constituents for Dunedin using hourly sea level measurements from throughout 2004 
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9.4 Spyder Fast Fourier Transform Processing 

 

Python 2.6.2 (r262:71605, Apr 14 2009, 22:40:02) [MSC v.1500 32 bit (Intel)] on win32 

 

# -*- coding: utf-8 -*- 

""" 

Spyder Editor 

 

This temporary script file is located here: 

xxx.py 

""" 

 

import matplotlib 

from matplotlib.pyplot import close,figure,ylabel,title,show 

print "using MPL version:", matplotlib.__version__ 

from scipy.io import loadmat 

#from os import chdir 

#import pylab 

from dateutil.rrule import rrule, MO, TU, WE, TH, FR, SA, SU 

from datetime import datetime 

from matplotlib.dates import 

DayLocator,YearLocator,MonthLocator,date2num,num2date,DateFormatter,WeekdayLocator 

#from matplotlib.dates import WeekdayLocator,RRuleLocator 

from matplotlib.pyplot import setp,xlabel,axis 

from matplotlib.pyplot import psd 

from numpy import reshape, ndfromtxt 

#from scipy import * 

 

fname=’name2’ 

 

name=ndfromtxt('E:\scripts\name.txt') 

time=name[:,0] 

height=name[:,1] 

np.save('name3',name) 

 

#FFT analysis 

 

fig2 = figure(figsize=(14.88,8.38),dpi=100) 
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ax4=fig2.add_subplot(111) 

 

 

(y,x)=ax4.psd(height,NFFT=2500,Fs=1) 

xlabel('Frequency (cycles/year)') 

title('PSD of Tidal Heights') 

#axis([0.0, 50.0, -60.0, 120.0]) 

show() 

 

savetxt('freq_'+fname+'.txt',x) 

savetxt('power_'+fname+'.txt',y) 
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psd(self, x, NFFT=256, Fs=2, Fc=0, detrend=<function detrend_none at 0x0251D5F0>, 

window=<function window_hanning at 0x0251DEF0>, noverlap=0, pad_to=None, sides='default', 

scale_by_freq=None, **kwargs) method of matplotlib.axes.AxesSubplot instance call signature: 

 

psd(x, NFFT=256, Fs=2, Fc=0, detrend=mlab.detrend_none, window=mlab.window_hanning, 

noverlap=0, pad_to=None, sides='default', scale_by_freq=None, **kwargs) 

 

The power spectral density by Welch's average periodogram method. The vector *x* is divided into 

*NFFT* length segments. Each segment is detrended by function *detrend* and windowed by 

function *window*. *noverlap* gives the length of the overlap between segments. The 

:math:`|\mathrm{fft}(i)|^2` of each segment :math:`i` are averaged to compute *Pxx*, with a scaling 

to correct for power loss due to windowing. *Fs* is the sampling frequency. 

 

Keyword arguments: 

 

*NFFT*: integer 

The number of data points used in each block for the FFT. 

Must be even; a power 2 is most efficient. The default value is 256. 

 

*Fs*: scalar 

The sampling frequency (samples per time unit). It is used to calculate the Fourier frequencies, freqs, 

in cycles per time unit. The default value is 2. 

 

*detrend*: callable 

The function applied to each segment before fft-ing, designed to remove the mean or linear trend. 

Unlike in matlab, where the *detrend* parameter is a vector, in matplotlib is it a function. The 

:mod:`~matplotlib.pylab` module defines :func:`~matplotlib.pylab.detrend_none`, 

:func:`~matplotlib.pylab.detrend_mean`, and :func:`~matplotlib.pylab.detrend_linear`, but you can 

use a custom function as well. 

 

*window*: callable or ndarray 

A function or a vector of length *NFFT*. To create window vectors see :func:`window_hanning`, 

:func:`window_none`, :func:`numpy.blackman`, :func:`numpy.hamming`, :func:`numpy.bartlett`, 

:func:`scipy.signal`, :func:`scipy.signal.get_window`, etc. The default is :func:`window_hanning`. If a 

function is passed as the argument, it must take a data segment as an argument and return the 

windowed version of the segment.  

 

*noverlap*: integer 

The number of points of overlap between blocks. The default value is 0 (no overlap). 
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*pad_to*: integer 

The number of points to which the data segment is padded when performing the FFT. This can be 

different from *NFFT*, which specifies the number of data points used. While not increasing the 

actual resolution of the psd (the minimum distance between resolvable peaks), this can give more 

points in the plot, allowing for more detail. This corresponds to the *n* parameter in the call to fft(). 

The default is None, which sets *pad_to* equal to *NFFT* 

 

*sides*: [ 'default' | 'onesided' | 'twosided' ] 

Specifies which sides of the PSD to return. Default gives the default behavior, which returns one-

sided for real data and both for complex data.  'onesided' forces the return of a one-sided PSD, while 

'twosided' forces two-sided. 

 

*scale_by_freq*: boolean 

Specifies whether the resulting density values should be scaled by the scaling frequency, which gives 

density in units of Hz^-1. This allows for integration over the returned frequency values. The default 

is True for MatLab compatibility. 

 

 *Fc*: integer 

The center frequency of *x* (defaults to 0), which offsets the x extents of the plot to reflect the 

frequency range used when a signal is acquired and then filtered and downsampled to baseband. 

 

Returns the tuple (*Pxx*, *freqs*). 

 

For plotting, the power is plotted as :math:`10\log_{10}(P_{xx})` for decibels, though *Pxx* itself 

is returned. 

 

References: 

Bendat & Piersol -- Random Data: Analysis and Measurement 

Procedures, John Wiley & Sons (1986) 

 

kwargs control the :class:`~matplotlib.lines.Line2D` properties: 

 

alpha: float (0.0 transparent through 1.0 opaque)          

animated: [True | False]          

antialiased or aa: [True | False]          

axes: an :class:`~matplotlib.axes.Axes` instance          

clip_box: a :class:`matplotlib.transforms.Bbox` instance          

clip_on: [True | False]          

clip_path: [ (:class:`~matplotlib.path.Path`, :class:`~matplotlib.transforms.Transform`) 

|:class:`~matplotlib.patches.Patch` | None ]          

color or c: any matplotlib color          

contains: a callable function          
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dash_capstyle: ['butt' | 'round' | 'projecting']          

dash_joinstyle: ['miter' | 'round' | 'bevel']          

dashes: sequence of on/off ink in points          

data: 2D array          

drawstyle: [ 'default' | 'steps' | 'steps-pre' | 'steps-mid' | 'steps-post' ]          

figure: a :class:`matplotlib.figure.Figure` instance          

fillstyle: ['full' | 'left' | 'right' | 'bottom' | 'top']          

gid: an id string          

label: any string          

linestyle or ls: [ '-' | '--' | '-.' | ':' | 'None' | ' ' | '' ] and any drawstyle in combination with a linestyle, 

e.g. 'steps--'. 

linewidth or lw: float value in points          

lod: [True | False]          

marker: [ '+' | '*' | ',' | '.' | '1' | '2' | '3' | '4'        | '<' | '>' | 'D' | 'H' | '^' | '_' | 'd'        | 'h' | 'o' | 'p' | 's' 

| 'v' | 'x' | '|'        | TICKUP | TICKDOWN | TICKLEFT | TICKRIGHT        | 'None' | ' ' | '' ] 

markeredgecolor or mec: any matplotlib color          

markeredgewidth or mew: float value in points          

markerfacecolor or mfc: any matplotlib color          

markersize or ms: float          

markevery: None | integer | (startind, stride) 

picker: float distance in points or callable pick function         ``fn(artist, event)``          

pickradius: float distance in points          

rasterized: [True | False | None]          

snap: unknown 

solid_capstyle: ['butt' | 'round' |  'projecting']          

solid_joinstyle: ['miter' | 'round' | 'bevel']          

transform: a :class:`matplotlib.transforms.Transform` instance          

url: a url string          

visible: [True | False]          

xdata: 1D array          

ydata: 1D array          

zorder: any number          



 

 

  



 

 

 




