Appendix A Rappahannock River (Virginia, USA) Streamflows

Mean monthly streamflows from USGS gage 01668000 Rappahanock River at Fredericksburg (cfs) are obtained from the USGS
website (http://va.waterdata.usgs.gov/nwis/). These are tabulated below:

USGS 01668000 RAPPAHANNOCK RIVER NEAR FREDERICKSBURG, VA (cfs)

Year January | February | March | April May June July August | September | October | November | December
1907 711 2,091 3,200
1908 4,426 4,812 2,597 | 1,327 | 2,897 | 1,993 1,267 | 2,012 | 1,719 1,514 1,157 1,173
1909 3,152 3,066 2,377 12,713 | 1,634 | 3,852 562 479 350 250 266 549
1910 2,119 2,229 1,566 | 1,765 | 1,075 | 2,922 2,428 | 486 291 610 360 736
1911 2,350 1,479 1,249 | 1,813 | 652 571 237 562 1,212 968 1,209 2,032
1912 1,686 2,410 4,997 | 1,906 | 3,927 | 1,143 1,123 | 746 2,639 900 1,364 1,232
1913 2,048 1,348 3,134 | 4,438 | 2,827 | 1,966 888 310 222 553 897 1,057
1914 2,794 2,324 2495 | 2,535 | 1,139 | 523 515 275 163 386 675 1,502
1915 4,870 4,268 1,603 | 776 549 2,537 567 3,263 | 1,469 1,950 907 1,177
1916 1,597 2,209 2,203 | 2,243 | 1,666 | 5,204 2,916 | 1,306 | 491 478 462 1,361
1917 1,470 1,122 4,502 | 2,659 | 1,210 | 1,516 1,491 | 983 681 1,107 867 516
1918 1,200 5,195 2,325 | 7,155 | 1,494 | 1,180 573 1,124 | 1,025 309 635 2,046
1919 2,944 1,741 2,844 | 1,922 | 3,012 | 1,761 2,052 | 698 290 400 780 1,187
1920 1,221 3,164 2,623 | 2,627 | 1,019 | 1,563 1,128 | 1,879 | 1,422 834 1,540 2,795
1921 2,995 1,800 1,853 | 1,683 | 3,787 | 871 1,134 | 464 450 139 502 811
1922 1,069 3,290 3,701 | 1,368 | 2,174 | 2,389 972 786 298 362 288 659
1923 1,480 1,477 3,016 | 1,932 | 1,056 | 745 575 1,785 | 1,481 576 663 1,611
1924 3,271 2,237 4,427 | 3,575 | 10,310 | 3,340 1,490 | 1,121 1,829 3,856 1,485 1,539
1925 3,623 4,079 1,569 | 1,167 | 1,259 | 589 389 226 155 277 755 1,544
1926 1,685 3,393 1,218 | 1,094 | 628 494 450 1,849 | 2,130 1,056 4,616 2,696
1927 1,452 2,160 1,272 | 3,817 | 1,351 | 808 741 645 245 2,913 1,718 2,634
1928 1,096 2,320 1,625 | 3,096 | 1,947 | 889 815 4,519 | 2,311 943 757 1,169
1929 1,629 1,986 3,101 | 3,338 | 2,792 | 2,537 1,186 | 362 266 3,266 1,196 1,071
1930 1,206 2,340 1,750 | 1,569 | 601 344 78.6 21.1 46.5 15.3 75.4 147
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1931 301 224 526 900 1,085 | 601 546 578 261 96.1 117 174
1932 1,205 1,159 2,435 | 1,639 | 3,164 | 588 358 134 58.1 1,477 4,924 1,949
1933 3,104 2,423 1,939 | 5,437 | 2,164 | 865 961 1,807 | 849 466 390 495
1934 791 411 2,868 | 2,053 | 1,122 | 1,005 | 424 714 4,319 1,168 1,159 3,333
1935 3,279 3,145 2,431 | 3,538 | 1,335 | 830 803 640 3,007 590 1,550 1,591
1936 5,020 4,693 5,621 | 2,304 | 969 515 470 279 200 861 404 2,027
1937 5,004 3,720 1,663 | 8,282 | 2,427 | 2,654 1,084 | 2,046 | 1,335 5,439 3,122 1,613
1938 1,819 1,918 1,656 | 1,451 | 822 842 1,023 | 812 387 258 505 1,937
1939 1,676 4,241 2,594 | 1,844 | 953 562 2,056 | 1,348 | 320 290 662 476
1940 808 2,624 1,712 | 3,434 | 1,588 | 2,129 1,092 | 2,352 | 1,476 643 2,317 2,483
1941 2,246 1,276 1,625 | 2,457 | 666 651 2,030 | 620 255 133 213 667
1942 703 1,254 2,188 | 1,162 | 1,674 | 1,118 | 667 3,307 | 1,388 11,090 | 1,666 2,481
1943 2,002 3,006 2,899 | 2,390 [ 1,949 | 770 410 112 168 148 1,061 386
1944 1,435 1,058 3,106 | 1,892 | 1,268 | 480 234 345 1,782 1,731 878 1,900
1945 2,028 1,558 1,293 | 1,080 | 1,442 | 723 2,637 | 2,625 | 2,621 949 1,078 2,666
1946 2,505 2,271 2,013 | 1,592 | 3,956 | 1,695 |2,004 | 1,417 | 468 624 572 683
1947 2,263 961 2,091 [ 1,199 | 1,179 | 999 836 681 703 453 2,949 963
1948 1,716 2,238 2,215 | 3,577 | 4,348 | 1,422 857 3,981 | 741 1,951 3,351 5,356
1949 4,427 3,035 2,844 | 3,184 | 2,985 |2,134 |3,368 | 2,726 | 1,353 985 1,212 1,137
1950 1,213 2,539 2,544 | 1,480 | 2,334 | 1,484 774 395 2,220 1,244 1,275 4,562
1951 1,343 3,272 3,210 | 3,610 | 1,247 | 3,182 | 828 503 221 181 634 2,126
1952 2,612 2,756 3,639 | 4,365 | 2,726 | 1,170 1,167 | 774 1,027 361 3,570 1,858
1953 3,412 2,101 4,638 | 2,740 | 2,167 [ 1,130 | 344 259 116 123 247 867
1954 860 689 1,800 | 1,401 | 1,086 | 595 215 94.4 55.4 457 658 1,409
1955 769 1,266 2,859 | 1,333 | 812 958 370 7,190 | 747 492 482 373
1956 396 1,482 1,601 | 1,303 | 492 281 1,443 | 621 609 1,307 2,144 1,169
1957 1,257 2,788 2,585 | 2,733 | 926 729 167 60 229 631 816 2,728
1958 2,984 2,284 3,871 3,583 | 2473 | 1,339 1,258 | 1,071 | 406 417 438 594
1959 1,122 888 1,381 | 2,149 | 910 1,569 | 352 254 264 1,269 727 1,350
1960 1,495 3,521 2,274 | 3,852 | 2,753 | 1,583 | 453 581 1,437 469 388 375
1961 978 5,148 2,727 | 4,166 | 2,502 | 1,167 | 657 1,105 | 651 424 489 1,383
1962 1,936 1,727 5090 | 2,970 | 1,668 | 1,527 | 642 372 259 255 1,370 878
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1963 2,106 1,302 4,673 | 1,031 | 570 904 171 63.8 64.3 79.2 549 576

1964 3,146 2,557 1,955 | 2,378 | 1,559 | 381 340 159 96.3 483 583 1,099
1965 1,927 3,715 3,347 | 1,285 | 880 405 261 192 156 277 204 205

1966 268 2,461 1,611 | 1,168 | 2,049 | 508 141 76.4 1,965 1,835 840 1,369
1967 1,746 1,572 4,002 | 944 1,089 | 481 358 1,567 | 457 811 532 3,071
1968 3,502 1,393 2,300 | 878 1,134 [ 1,690 | 735 384 218 266 1,032 630

1969 1,057 1,166 1,596 | 863 608 692 1,132 | 1,245 | 540 511 714 1,850
1970 2,485 3,058 1,637 | 2,922 | 1,382 | 521 774 421 171 315 3,303 1,654
1971 2,086 4,325 2,138 | 1,854 | 3,598 | 2,585 | 704 760 504 3,506 1,729 1,748
1972 1,229 4,542 2,422 | 2,268 | 2,841 | 7,112 1,948 | 877 338 2,863 4,538 4,947
1973 3,376 4,370 2,954 4,396 | 2,885 | 1,755 | 950 2,235 | 746 1,139 869 4,304
1974 3,379 1,595 1,562 | 1,952 | 1,554 | 1,498 | 399 559 1,401 428 426 3,201
1975 1,967 2,628 5735 | 1,537 | 1,810 | 1,376 | 2,521 | 776 5,077 2,031 1,522 1,474
1976 4,674 2,068 1,611 | 2,200 | 1,064 | 1,397 | 638 300 346 5,466 1,343 1,797
1977 866 824 1,514 | 1,259 | 502 224 428 196 261 341 2,443 3,063
1978 6,203 2,643 3,929 | 1,746 | 3,831 | 966 839 995 421 259 372 1,211
1979 3,849 6,550 4,437 2,839 | 1,668 | 3,196 | 760 1,925 | 5,911 6,767 2,885 1,707
1980 3,463 1,660 3,847 4,321 | 2,819 | 930 526 508 187 200 393 364

1981 297 1,751 620 587 809 744 608 362 373 421 387 622

1982 1,008 4,217 2,382 | 1,499 | 1,290 | 3,584 | 803 909 260 334 651 1,266
1983 812 2,468 3,512 19,484 | 2,277 | 1,133 | 478 178 133 1,060 2,247 3,679
1984 2,090 5,617 5,308 | 6,490 | 2,902 | 807 1,181 | 3,143 | 443 571 999 1,227
1985 1,405 3,276 1,229 | 857 673 724 269 472 140 917 6,522 2,154
1986 1,114 2,191 1,993 | 1,572 | 751 293 276 227 183 120 391 1,535
1987 1,155 1,598 1,904 | 4,698 | 1,312 | 806 257 154 3,081 493 1,754 1,868
1988 1,925 1,576 1,055 | 1,082 | 3,546 | 761 389 179 178 155 482 351

1989 660 737 1,983 | 1,185 | 5,641 | 2,462 2,028 1,060 | 978 2,414 1,440 942

1990 2,597 2,082 1,529 | 2,483 | 2,692 | 1,076 1,145 | 680 520 3,583 1,472 1,986
1991 3,988 1,192 2,589 | 1,805 | 1,011 | 771 679 270 151 137 277 1,238
1992 1,353 1,228 2,197 | 2,406 | 1,462 | 2,086 | 914 692 1,421 840 3,687 4,601
1993 3,373 2,084 8,505 | 5,341 | 2,189 | 882 520 321 216 225 2,402 2,564
1994 3,185 4,418 7,413 | 2,587 | 1,116 | 536 1,652 | 2,182 | 592 398 518 897
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1995 2,546 1,283 1,839 | 839 1,166 | 5,004 2,427 | 667 289 1,444 2,250 2,043
1996 6,472 3,161 2,869 | 3,022 | 2,811 | 2,661 1,243 | 2,054 | 6,924 2,927 2,397 4,829
1997 2,336 2,537 3,348 | 1,867 | 979 1,081 824 237 383 348 2,740 842
1998 5,513 8,880 5998 | 2,929 | 4,043 | 1,333 | 438 225 96.9 149 173 278
1999 1,436 863 2,025 | 879 528 179 137 46.2 1,187 1,962 898 1,530
2000 793 1,283 1,534 | 1,975 | 1,009 | 1,072 | 743 575 1,118 464 388 1,024
2001 1,049 937 2,688 | 2,083 | 1,532 | 1,346 | 598 956 453
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Appendix B Rapidan River (Virginia, USA) Streamflows

Mean monthly streamflows from USGS gage 01667500 Rapidan River near Culpeper (cfs) are obtained from the USGS website
(http://va.waterdata.usgs.gov/nwis/). These are tabulated below:

USGS 01667500 RAPIDAN RIVER NEAR CULPEPER, VA (cfs)

Year January | February | March | April May June | July August | September | October | November | December
1930 8.1 294 62.4
1931 96.6 915 179 322 375 217 134 179 113 43.7 50.2 69
1932 323 325 672 446 729 198 101 36.8 31.9 598 1,387 563
1933 815 785 604 1,607 | 593 267 390 612 281 183 148 154
1934 238 138 839 615 327 401 211 322 1,590 388 400 1,056
1935 922 865 749 1,093 | 383 245 356 365 1,102 216 486 539
1936 1,429 1,265 1,950 | 795 320 205 193 102 118 352 150 710
1937 1,579 1,144 557 2,615 | 820 868 440 515 500 1,701 898 531
1938 573 597 518 451 257 302 442 338 184 123 200 674
1939 499 1,190 764 488 266 210 529 423 120 96.9 177 136
1940 227 656 470 824 436 638 368 1,099 | 478 221 611 696
1941 763 387 468 702 207 169 497 181 86.6 52.2 77.5 262
1942 238 379 678 396 603 344 185 1,060 520 3,163 559 779
1943 648 798 810 673 548 280 191 59.2 81.2 59.7 187 119
1944 341 346 831 548 428 190 87.8 140 989 515 295 543
1945 578 447 417 354 562 268 746 676 952 352 348 754
1946 834 689 704 558 780 477 272 218 142 200 189 243
1947 722 323 658 453 337 416 286 211 247 217 1,116 333
1948 452 701 689 1,210 1,213 | 567 266 810 276 751 1,103 1,653
1949 1,356 928 919 926 912 976 1,206 | 1,374 687 466 518 445
1950 457 809 699 450 732 573 258 130 682 390 362 1,361
1951 407 1,017 1,008 | 1,262 | 428 1,132 | 330 220 101 771 219 689
1952 839 979 1,163 | 1,184 | 853 433 613 278 359 156 944 593
1953 979 726 1,477 | 918 665 361 125 101 34.3 47.2 91.8 284
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1954 250 247 739 480 427 201 726 | 28.7 14 194 256 627
1955 335 474 1,006 | 538 294 284 129 2,323 331 178 162 132
1956 121 440 460 371 166 101 248 117 210 422 601 317
1957 332 812 720 824 311 279 68 225 86 215 324 809
1958 804 649 951 1,142 | 797 427 354 333 156 146 155 207
1959 354 262 397 623 325 565 141 114 108 654 290 464
1960 552 1,064 745 1,166 | 856 329 104 124 365 135 107 116
1961 232 1,173 762 1,202 | 700 327 235 689 317 273 272 564
1962 684 577 1,475 | 1,031 643 536 226 153 107 109 433 284
1963 604 379 1,400 | 377 231 267 744 | 28.1 34.3 34 183 185
1964 783 704 599 614 452 123 122 65.3 37 138 183 342
1965 520 1,195 959 451 341 160 104 73 64.3 133 85.2 70.5
1966 93.6 759 584 375 693 195 70.7 349 511 536 346 443
1967 538 474 1,098 | 343 344 155 124 426 183 371 225 869
1968 831 419 637 312 387 412 189 148 71.9 111 420 222
1969 392 327 503 337 304 284 389 382 219 222 289 620
1970 676 962 533 818 518 206 245 150 59.3 214 1,068 507
1971 626 1,145 645 559 1,229 | 906 295 335 278 1,526 575 543
1972 375 1,274 776 633 852 2,804 | 682 474 165 1,854 1,567 1,559
1973 1,168 1,383 1,090 | 1,476 | 1,015 | 622 357 847 263 419 358 1,429
1974 1,063 538 455 561 495 364 150 247 471 155 190 903
1975 575 827 1,698 | 516 549 492 803 367 1,305 744 498 479
1976 1,243 616 471 581 359 487 208 93.9 80.7 1,535 440 572
1977 242 238 494 411 180 86.2 | 804 |579 55.9 75.4 848 779
1978 1,732 583 1,114 | 592 1,138 | 352 362 481 182 106 157 390
1979 1,312 1,440 1,463 | 918 572 1,221 | 259 399 2,084 1,701 874 566
1980 1,074 487 1,279 11,524 | 713 268 196 170 83.4 99.7 161 144
1981 111 620 248 210 293 346 389 108 145 192 164 227
1982 346 1,265 889 506 606 1,378 | 331 197 93.7 109 235 441
1983 274 798 1,003 | 2,425 | 770 396 144 73.2 53.7 489 770 1,136
1984 541 1,693 1,482 | 1,676 | 883 301 429 1,112 196 221 296 398
1985 472 935 411 290 272 277 147 326 83.9 344 2,690 700
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1986 315 659 640 542 265 102 102 104 87.1 48.9 157 592
1987 410 580 695 1,848 | 530 332 95.2 | 446 1,490 216 525 626
1988 621 520 401 377 970 274 209 101 86.4 68.2 212 169
1989 273 304 689 370 1,603 | 908 779 462 461 983 473 298
1990 779 767 570 839 875 421 409 238 196 1,574 507 675
1991 1,239 452 869 612 342 392 404 147 60.6 60.1 105 397
1992 526 423 736 874 498 853 251 169 448 328 1,365 1,293
1993 1,127 711 2,236 | 1,564 | 676 329 236 143 95.2 89.4 526 719
1994 882 1,188 1,841 | 791 358 165 369 482 179 121 173 288
1995 832 354 572 250 388 2,901 | 918 235 136 580 732 608
1996 1,835 971 831 961 748 923 400 576 2,908 776 759 1,618
1997 735 825 1,047 | 564 326 527 624 124 226 157 964 344
1998 1,923 3,048 1,996 | 1,083 | 1,734 | 495 192 123 56 91.3 102 129
1999 624 384 685 294 203 83.1 |45 29.9 803 600 391 604
2000 291 386 480 621 304 219 189 157 403 150 126 311
2001 296 238 763 537 344 433 148 284 111
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Appendix C Po River (Virginia, USA) Streamflows

Mean monthly streamflows from USGS gage 01673800 Po River near Spotsylvania (cfs) are obtained from the USGS website
(http://va.waterdata.usgs.gov/nwis/). These are tabulated below:

USGS 01673800 PO RIVER NEAR SPOTSYLVANIA, VA

Year | January February March | April | May | June | July | August | September October November December
1962 10.8 84 36.6
1963 | 95 70.3 238 41 224 1 76.8 | 1.68 | 0.25 0.85 1.13 41.2 40.9
1964 | 131 193 86.1 128 1476 | 116 | 10.3 | 151 1.98 37.2 35.3 83.3
1965 | 101 126 154 83.9 | 394 | 239 | 226 | 18.1 9.25 15 9.35 11.1
1966 | 26.8 133 77 67 70.3 | 13 6.94 | 0.77 65.7 79.7 25.1 45
1967 | 80 77.7 128 40.8 | 68.3 | 164 | 6.49 | 16.3 1.74 4.92 11.5 120
1968 | 125 37.3 147 39.6 | 56.2 | 94.6 | 25,5 | 39 7.43 10.6 50.1 43.2
1969 | 65.1 83.9 112 48.5 | 211 | 134 | 15.9 | 207 17.2 11 24.3 120
1970 | 126 122 88.2 187 |48 179 164 | 517 1.93 3.28 78.1 66.1
1971 | 97.6 245 119 122 | 214 | 98.9 | 195|443 22.9 247 126 114
1972 | 96 272 135 129 | 221 490 |[112 | 31.2 11.4 54.2 207 187
1973 | 125 228 145 288 | 74 25.8 |15 46.7 9.47 27.9 241 206
1974 | 128 71.3 111 112 | 618 |57.2 | 16.2 | 164 52.4 12.9 224 114
1975 | 109 103 268 76.9 | 69.1 | 33.7 | 136 | 17.5 268 51.8 59.4 74.3
1976 | 224 107 95.9 110 | 4711499 | 18.6 | 6.38 16.7 156 54.8 90.6
1977 | 50 58.5 64 477 | 421 | 7.37 | 1.81 | 0.74 1.85 14.9 64 147
1978 | 326 55.5 163 102 | 192 |40.7 | 34 18 5.38 5.81 13.5 58.8
1979 | 197 370 200 141 1806 | 128 |24 25.9 96.6 275 105 69.8
1980 | 206 72.5 172 128 19181193 |[7.15]2.14 0.94 4.52 15.4 12.2
1981 | 10.4 59.5 25.2 271 1529 16.97 |91 |3.28 1.37 6.86 3.85 35.2
1982 | 48.7 178 105 64.4 | 21.2 | 779 | 36.3 | 64.8 13.2 16.5 27.6 69.7
1983 | 48.1 107 223 397 | 112 | 332 | 16 1.89 0.95 15.3 110 146
1984 | 95.1 219 347 297 | 108 | 254 | 145 | 93.7 10.2 22.2 61.6 56.7
1985 | 69.9 169 57.5 33.2 | 24.8 | 56.8 | 6.76 | 28.9 3.52 62.4 188 125

99




1986 | 57.5 106 65.3 57.2 | 19.1 | 4.62 | 4.85 | 2.38 0.67 1.16 15.1 115
1987 | 83.5 118 107 205 | 121 | 395 |43 | 156 16.1 15.2 74.8 101
1988 | 129 112 63 63.8 | 945|123 | 153 [ 4.74 3.36 1.48 43.4 16.1
1989 | 40.5 70.9 159 726 | 213 | 84.8 | 39.3 | M1 65.6 70 100 47.9
1990 | 197 103 97 133 | 157 | 348 | 212|126 5.88 48.9 431 78.6
1991 | 170 45.8 108 65.1 | 254 |6.75 |6.14 | 1.86 0.26 0.24 0.85 33.2
1992 | 36.3 40.5 76.6 60.1 | 314 | 329 | 81 264 19.8 20.1 49 202
1993 | 149 954 426 259 | 799 |325 | 842|547 5.26 5.02 278 112
1994 | 149 289 566 109 | 414 | 16.3 | 35.2 | 30.3 22.8 14.5 24 29.9
1995 | 101 53.5 86 31.2 | 53.5 | 511 | 34.2 | 3.88 0.77 134 89.3 94.3
1996 | 282 151 118 128 | 78.6 | 50.3 | 58.9 | 59.1 162 139 130 210
1997 | 118 151 165 101 1405|319 | 304 |9.13 4 12 113 47.9
1998 | 265 560 357 154 | 96.1 | 67 14.9 | 3.7 1.26 0.75 2.52 5.9
1999 | 44.9 30.6 138 32.8 | 8.63 | 1.67 | 1.01 | 0.58 29.2 34 19.8 46.5
2000 | 30.2 52.3 75.5 160 | 25.7 | 121 59.5 | 26.6 34.2 6.5 19.6 30
2001 | 53.8 37.4 133 68.1 | 426 | 24 14.9 | 5.41 0.72
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Appendix D LINGO - Optimization Software

Almost all the real life problems can be written in Mathematical terms with certain
constraints and objective. For example, A person with a limited income wants to buy lots
of things but he has limited resources. He may want to buy the things which he needs
most and then try to make a perfect balance between his earnings and the things he want
to buy. Hence, the objective of the person is to buy as many things as he can and his
limited salary will be a constraint that will limit him to buy certain things. In the simplest
terms, the perfect balance between the objective and constraints is called Optimization.

Optimization helps us find the answer that yields the best result; attains the
highest profit, output, or happiness; or the one that achieves the lowest cost, waste, or
discomfort. Often these problems involve making the most efficient use of our resource
including money, time, machinery, staff, inventory, and more. Optimization problems
are often classified as linear or nonlinear, depending on whether the relationships in the
problem are linear with respect to the variables.

The basic components of optimization model are as follows:

e Objective Function - The objective function is a formula that expresses exactly
what it is we want to optimize. In business oriented models, this will usually be a
profit function we wish to maximize, or a cost function we want to minimize.
Models may have, at most, one objective function.

e Variables - Variables are the quantities we have under our control. We must
decide what the best values of the variables are. For this reason, variables are
sometimes also called decision variables. The goal of optimization is to find the
values of a model's variables that generate the best value for the objective
function, subject to any limiting conditions placed on the variables.

e Constraints - Almost without exception there will be some limit on the values the
variables in a model can assume at least one resource will be limited (e.g., time,
raw materials, your department's budget, etc.). These limits are expressed in
terms of formulas that are a function of the model's variables. These formulas are

referred to as constraints because they constrain the values the variables can take.
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LINGO-Optimization Software

After the mathematical formulation of the real life problem is done, it needs to be solved
to get the optimum or the best solution. Due to the large size of the problem and large
number of variables it is very difficult if not impossible task. Various softwares are
developed which are used to solve the optimization problems in the most efficient way.

LINGO is a simple tool, which lets us utilize the power of linear and nonlinear
optimization to formulate large problems concisely, solve them, and analyze the solution.

LINGO Version 4.0 (LINGO4) is limited with the constraint and variable
handling. It can handle upto 2000 constraints and 4000 variables. The latest versions of
LINGO can handle much more constraints and variables than LINGO4 and hence enables
the user to solve much larger linear or nonlinear programming problems.

LINGO is one of the most powerful softwares for solving linear programming
problems. One of LINGO’s most powerful features is its mathematical modeling
language. LINGO's modeling language lets us express our problem in a natural manner,
which is very similar to standard mathematical notation. Rather than entering each term
of each constraint explicitly, we can express a whole series of similar constraints in a
single compact statement. This lead to models those are much easier to maintain and to
expand.

Another convenient feature of LINGO's modeling language is the data section.
The data section allows you to isolate your model's data from the formulation. In fact,
LINGO can even read data from a separate spreadsheet, database, or text file. With data
independent of the model, it’s much easier to make changes, and there’s less chance of

error when you do.

Example: Reservoir Safe Yield Determination
Objective function :
Maximize XMIN

= Says that we have to maximize the yield of the reservoir.
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Constraints :
1. Continuity
S(i) + I(i) = R(i) = S (i+1)
=> Says that Storage at the end of a period should be equal to storage at the start of
successive period.
2. Storage Limit
S(i) <= US(1)
o Storage should satisfy the lower bound and upper bound criterion given by
the user dependent of the site requirements.
3. Yield
XMIN <= R(i)
=> Yield should be less than or equal to demand in any period, depending upon
the inflow and storage in the reservoir.
4. Non-negativity
S@i), R(i)>=0
=> All the variables should be positive or zero
Data needed from the user:
1. I(i) = Inflow into the reservoir for all periods, i.
2. R(i) = Releases made from the reservoir for all the periods, i.
3. US(i) = Maximum storage of the reservoir, depending upon the site

specification.

Output expected :

1. Value of yield XMIN for the reservoir.
2. Storage values for each period, S(i).
LINGO Solver:

A new project is opened from the ‘File’ button on the main toolbar (Figurel).
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% LINGO - [LINGO Model - Hunt_Yield] : =1l x|

File Edt LINGD ‘Window Help =] x|
C blea| x| Zl= =] 2|
=  Open... F3
Save Fd 2
Save As. ., FS
Close F&
Prink... F7
Prink Setup... F&
Prink Preview Shift+Fg
Log Oukput. .. Fa
Take Commands. .. F11
Impark LINDO File. Fiz
1 Hunt_ield
2 Hunk
3 CHLINGO4H,, {Hnk-MEs-NIS31
4 CLINGO4H,.. {Hunt5-249001
Exit: Fi0
|Open a new, blank document LM MoD Ln 32, Col 1 12:50 pm

iastart J m e @ | @C \Documents and Setti. ”.LINGD [LINGO Mode... nppendlx - - Microsoft .. | 12:50 PM
Figure 1.

Each model begins with the ‘MODEL.:” and the title of the model describing the model
should be given in the beginning of the model to make it easy to understand for any other

user (Figure 2). The comments in the program are given by placing the comments under

‘6!’7 and “;77.
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ZJLINGO - [LINGO Model - Hunt_Yield] =121 x]

File Edit LINGD ‘Window Help =&
D[=s|E|S| 4 |=8ve o BlE(x| Bzl 2el

=
MCODEL:
'DETERMINATICH OF THE SAFE YIELD FOR THE PROPOSED HUNTING RUM RESERVOIE SYSTEM (WITH
WATER TREALTMENT PLANT LOCATED AT MOTTS RUN RESERVOIR) .:
|Ready MUK MOD Ln 13, Col56  |12:51 pm

iastart”J :I'_;fj g I‘_;ﬂ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | %. 12:51 PM
Figure 2.

Variable Definition:
The important part of any optimization model is identifying and defining the variables in
the model. The variables are defined in the very beginning of the model under the ‘SET’

body. LINGO enables user to define the multiple variables for each time step into one

single line. The syntax for the same can be seen in the Figure 3 below.
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ZJLINGO - [LINGO Model - Hunt_Yield] =12 x|

File Edit LINGD ‘Window Help ===l
D[S 4|8 ve o BlE(x BlslE 2el

MODEL:

'DETEREMINATICN OF THE SAFE YIELD FOR THE PROPOSED HUNTING RUN RESERVOIR SYSTEM (WITH
WATER. TREATHMENT PLANT LOCATED AT MOTTS RUN RESERVOIR) .;

'DEFINING THE SETS UIED IN THE PROGRAHM:
SETS:

MONTHNUMEER #1..13/: MONTH:
MODAYS/1..13/ :DAYS:

INFLOWH #1..13/: INFLOWINHUNTING:
STORAGEH /1..14/: STORAGECFH: fe
RELEALSEH /1..13/: RELEASEFROMH:

FLOWRD/1..13/: FLOWRAPIDAN:

INIEDS1..13/: INSTREAMREQRAPIDAN:

XTRLA1. .13/ :EXTRA:

YTIELD/EMIN/: SAFEYIELD:

ENDSETS
=
Read MUK MO0 Ln 20, Col & 12:51 pm
Ready l_l_l_l_l_lil—p

iastart”J :I'_;fj g I‘_;ﬂ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | 12:51 PM
Figure 3.

Objective Function:

After the variables are defined, the objective function is defined with MIN or MAX

objective according to the model (Figure 4).
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ZJLINGO - [LINGO Model - Hunt_Yield] =121 x]

File Edit LINGD ‘Window Help =&
D[=s|E|S| 4 |=8ve o BlE(x| Bzl 2el

'DETEREMINATION OF THE SAFE YIELD FOR THE PROPOSED HUMNTING RUN RESERVOIR S¥YSTEM (WITH
WATER TREATHMEMT PLANT LOCATED AT MOTTS RIN RESERVOIR) .:

'DEFINING THE SETS USED IN THE PROGRAM:
SETS:

MCNTHNUMEER /1..13/: MCNTH:
MNODAYS/1. .13/ :DAYS:

INFLOWH /1..13/: INFLOWINHUMNTING:
STORAGEH /1..14/: STORAGECFH:
RELEALSEH /1..13/: RELEASEFROMH:
FLOWRD/1..13/: FLOWRAPIDAMN:
INSRD/1..13/: INSTRELMREQRALPIDAN:
ETRAS1. .13/ :EXTRA;

YIELD/EMIN/: SAFEYIELD:

END3SETS

IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L
'OBEJECTIVE:
IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L
'THE CBJECTIVE, MAXMIZE THE MINIMUOM RELEASE:
MAX =HEMIN:

=
Ready I_IWI_IWI_!W!TZW

iastart”J :I'_;fj g I‘_;ﬂ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | 12:52 PM
Figure 4.

Constraints:
The constraints are defined for model. LINGO enables the user to write the multiple
constraints in a most convenient way. They can use the time step as a variable and hence

loop the constraint over the whole time step (Figure 5-A, Figure 5-B, Figure 5-C).
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- Hunt_’ =121 x]

B¥ File Edi LINGO ‘window Help =&
N e EEEEEEEEEET]
I1?1?1?1?1?1?1?1?1?1?1?1?1?1?1?1?1?1?1?***********************: ;I
|OBRIECTIVE :

IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L
'THE CBJECTIVE, MAXMIZE THE MINIMUOM RELEASE:
MAX =HEMIN:

IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L
'THE CONSTRAINTS AT HUMNTING RUN RESERVOIR:

IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L

'THE CONTINUITY AT THE HUNTING RUN RESERVOIR SHOULD BE SATISFIED:

BFOR (MCNTHNUMEER (I) : STORAGECFH(I) + INFLOWINHUNTING(I)- RELEASEFROMH(I)= STORAGECFH(I+
13

STORAGECOFH(1)=2195;

ISTORAGE TN THE RESERVOTR SHOULD ALWAYS BE LESS THAM THE MAXTMUM CRPACTITY:
BFOR (MCHMTHNUMBER (T) : STORAGEOFH(T) <= 2195):

=
Ready I_IWI_IWI_IWITSW

iastart”J :I'_;fj g I‘_;ﬂ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | 12:53 PM

Figure 5-A.

: ==
B¥ Fle Edt LINGO ‘window Help =] x|
D|zBlE| «[=ave|o| BRr| 2= el
@FOR (MCHTHNUMBER (I) : STORAGEOFH(I) + INFLOWINHUNTING(I)- RELEASEFROMH(I)= STORAGEOFH|I+ |

1
STORLGEOFH (1) =2195;

ISTORAGE IN THE RESERVOIR SHOULD ALWAYS BE LESS THAN THE MAXIMUM CRPACITY:
@FOR (MCHTHNUMBER (I} : STORAGECOFH(I) <= 2195);:

IEEEEEE LR R R R R LR L LR R R L LR R LR L LT
'THE CONSTRAINTS FOR RAPIDAN RIVER:

IEEEEEE LR R R R R LR L LR R R L LR R LR L LT

'PUMP STATICHN CAPACITY, INSTREAM REQUIREMENT COMNSTRAINTS:

@FOR (MCHTHNUMBER (I} | FLOWRAPIDAN (I} HGTHINSTREAMREQRAPIDAN (I) :EXTRA(I)= (FLOWRAPIDAN (I} -
INSTREAMREQRAPIDAN (1)) /DAYS (I} :
@FOR (MCHTHNUMBER (I) | FLOWRAPIDAN (I} HLE#INSTREAMREQRAPIDAN (I) :EXTRA(I)= O}

'PUMP STATICN CAPACITY COMNSTRAINT:
BFOR (MONTHNTUMEER (I) | EXTRA(I) #GE#20: INFLOWINHUNTING (I)= ZO¥DAYI(I)):
BFOR (MONTHNTUMEER (I) | EXTRA(I) #LTH20: INFLOWINHUNTING (I)= EXTRA(I) *DAYI(I) ):

]
Feady IWIWI_IWI—!W!TW

iﬁstartl“ :I'_;fj & @ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsoft .. | 12:54 PM
Figure 5-B.
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ZJLINGO - [LINGO Model - Hunt_Yield] =121 x]

File Edit LINGO ‘Window Help =&
e EEE RS = EE ]
STORAGEOFH (1) =2195; ]

ISTORAGE TN THE RESERVOTR SHOULD ALWAYS BE LESS THAM THE MAXTMUM CRPACTITY:
BFOR (MCHMTHNUMBER (T) : STORAGEOFH(T) <= 2195):

IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L

'THE CONSTRAINTS FOR RAPIDAN RIVER:
IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L

'PUTMP STATICHN CAPACITY, INSTREAM REQUIREMENT COMSTRATINTS:

BFOR {MCHTHNUMBER (T) | FLOWRAPTDAN (T} HGTH TNSTREAMREQRAPTDAN (T) : EXTRA(T)= (FLOWRAPTIDAN (T} -
THNSTREAMRECQRAPTDAN (T} ) /DAYS (T} ) :
BFOR {MCHMTHNUMBER (T) | FLOWRAPTDAN (T) HLE#TNSTREAMREQRAPTDAN (T) :EXTRA(T)= 0O}

IPIMP STATTON CAPACTTY CONSTRATNT:
BFOR (MCHMTHNUMBER (T) | EXTRA (I} #GE#20: INFLOWINHUNTING (I
BFOR (MCHMTHNUMBER (T) | EXTRA (I} #LT#20: INFLOWINHUNTING (I

Y= 20%DAYS(T)):

Y= EXTRA(T)*DAYS(T) ):
Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD:

Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD TS THE LARGEST POSSTIELE RELEASE FROM THE RESERVOIR:

BFOR (MCHTHNUMBER (T) :  XMIN <=

=l
|Ready [cap UM MoD Ln57, Col 48 |12:55 pm

iﬂstart”J :_:fj g @ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | 12:55 PM
Figure 5-C.

Input Data:
After the variable definition, Objective function and constraints, input data from the user
is obtained. The user can give the data in the main body of the program but for the large

problem it is convenient to export the data from the external spreadsheets (Figure 6)

109



NGO Model - Hunt_ ==

File Edit LINGD ‘window Help ==l
D|s(B(8] & [=8ve|e| BFR| ZloE 2
B T T T T T T T B

'THE COWNITRAINTS FOR RAPIDAN RIVER:
R S S S R R e L L E LT

'PUMP STATION CAPACITY, INSTREAM REQUIREMENT CONSTRAINTS:

@FOR (MCNTHNUMEER (I) | FLOWRAFIDAN (I)#GT#INSTREAMREQRAPIDAN (I) :EXTRA(I)= (FLOWRAPIDAN (I} -
INSTREAMREQRAPIDAN (I} ) /DAYS(I)):
@FOR (MCNTHNUMEEF (I) | FLOWRAFIDAN (I)#LE#INSTREAMREQRAPIDAN(I) :EXTRA(I)= 0);

\PUMF STATION CAPACITY CONSTRAINT
@FOR (MCNTHNUMEER (I) | EXTRA (I) #GE#20: INFLOWINHUNTING (I)= ZO#DLYS (1))
@FOR (MCNTHNUMEER (I) | EXTRA (I) #LT#20: INFLOWINHUNTING (I)= EXTRL(I) *DAYS (I} ):

R R R R AR AR R AR AR AR AR AR AR AR AR RN
|SAFE YIELD;

R .

|SAFE YIELD IS THE LARGEST FOSSIELE RELEASE FROM THE RESERVOIR:
@FOR (MCHTHNUMEEE (I): XMIN <= RELEASEFROMH(I)):

DATA:

'THE DATA IS EXPORTED FROM THE EXCEL FILE(IN MICROZIOFT EXCEL 4.0 FORMAT):
MONTH, DAYS, FLOWRAPIDAN, INSTREAMREQRAPIDAN =

BWEX (' C:4 LINGO4Y SLMFLEDATAY LINGO HUNTY Hunt Data.XL3',

'MONTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTREAMREQRALPIDAN'):

ENDDATL
END =]
|Ready CAP MU MDD Lnm &9, Cal 1 12:56 pm

iastartl“ :ﬁ e I‘_:;! |J o (ot \Documents and Setti,, ”.LINGU [LINGO Mode... @F\ppendlx C - Microsoft | 12:56 PM
Figure 6.
Model Properties:

The model properties can be set using the LINGO Options dialogue box under LINGO

button in the main toolbar(Figure 7).

=181
=18 x|

NGO Model - Hunt_
File Edit LIMGD ‘window Help
D[2(ES] =8 vElo| DRIR| &l 2l

I R AR A AR AN AN AT AR AT ARAB AR AN |

!THE CONSTRAINTS FOE RLP o ite oo s

'PUMP STATION CAPACITY, I

Monlinear Solver Integer Solver I

@FOR (MONTHNUMEER (I} | FLO Interface GeeralSolver | Linsar Solver LOWRAPIDAN (I) -
INSTREAMREQRAPIDAN (I)) /D
EFOR (MONTHNTMEER (I) | FLO

emory Limit [kE): Runtime Lirnits:

W=

'PUMP STATION CAPACITY C
EFOR (MONTHNUMEER (I) | EETE
EFOR (MONTHNUMEER (I) | EETE

Iterations:
None

Time [sec):
R ] Maone
!SAFE YIELD:
R ]
!SAFE YIELD IS THE LARGE
EFOR (MONTHMUMEBER (I): XM I~ alow urresticted use of primitive set member names
™ Check for duplicate names in data and madsl

Compute primal values onl
DATA: L LS 5

!THE DATA IS EXFORTED FR
MCNTH, DAYS, FLOWRAPIDAN

BWEX (' C:%LINGO4\ SAMPLEDA _ =P | Cancal | Dt | e | | apw | [0k ]
'MONTH' , 'DAYS' , ' FLOWRAPTITEN TS IRE MR R A LOAT | -

ENDDATA

END

[Ready [car [wom [ [mon In59, Coll |1 T pm
;ﬁstart”J o & |] {JC:\Dacuments and Setti.. ||.|_1m:u [LINGO Mode... B]appendicC - Microsft .. | 1:03 PM

Figure 7.
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Solving the Model:

To solve the model, go to Solve button under LINGO in the main toolbar (Figure 8)

ZJLINGO - [LINGO Model - Hunt_Yield] =12 x|
File Edt | LINGO Window Help _ =] x|

D/c(E| Ml <| =|o|= 2

LT Solution... Chrl+O FEEEEEFFF ;I

\'THE cope  Range Chrl+R B

IHFEFEEELTT FEERERENSE -

. Look... Chrl+L -

'PUMP 3T. Generate. .. Ctri+G EQUIREMENT CONITRAINTS:

BFOR(MCOMN  Export to Database... Chrl+Dr I HGTHINSTREAMREQRAPIDAN (I) :EXTRA(I)= (FLOWRAPIDAN(I) -

INSTREAMI  Export ko Spreadshest. .. 3

AFOR (MCH" ) BLESINSTREAMREQRAPIDAN (I) :EXTRA(I) = O) :

Oplions. .. Chrl+I

|PUMP STATION CAPACITY CONSTRAINT:
@FOR (MCHNTHNUMBER (I) | EXTRA (I} #GE#20: INFLOWINHUNTING (I
@FOR (MCHNTHNUMBER (I) | EXTRA (I} #LT#20: INFLOWINHUNTING (I

Y= 20%DAYS(I)):

Y= EXTRA{I)*DAYS(I) ):
!ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD:

!ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD IS THE LARGEST POSSIELE RELEASE FROM THE RESERVOIR:

@FOR (MCHTHNUMBER (I} : XMIN <= RELEASEFROMH(I)):

DATA:

!THE DATAL I3 EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT):
MONTH, DAYS, FLOWEAPIDAN, INSTREAMREQRAPIDAN =

BWEX (' C:\ LINGO4Y SAMPLEDATAY LINGO HUNTY Hunt Data.XLS',

'MONTH' , 'DAYS', 'FLOWRAPIDAN', ! INSTREAHREQRRPIDM\T' K=

ENDDATL
END =
|So|ves the model in the active window CAP MU MOD Ln &9, Col 1 12 56 pm

i start

J :_:fj ﬁ g |J N C:\Documents and Setti,. ”.LINGD [LINGO Mode... @F\DDEI‘IdIX C - Microsoft .. | 12:56 PM
Figure 8.

Output:
LINGO automatically gives the details of the model (no of variables, state, linearity). It
will indicate whether the solution obtained is global or local optimum or if there is any

infeasibility in the model (Figure 9).
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2 LINGO -

[Solution Report - Hunt_Yield]

B¥ File Edi LINGO ‘Window Help

=18
=181x|

D[zEa8] [=8vE{o] o= BleE 2
-
Rows= 40 Vars= 28 MNo. integer wars= a [ all are linear)
Rl | INGO Solver Status [Hunt_Yield] x]||c¥=0.081
Smallest 2185.00
No. < W ariabl — Constraint:
Single co -
Totek 28 Total 40
. Nonlinear: 1] Morlinear 0
Optimal s Integers: 1} :
Objective
r— Olptimizer Statu i Monzero
Stater Global Optimum Total 94
Nonlinear: 0 EElE
Iterations: 14 0ooo
Infeasibiily: p | (el o000
. 21 aooa
Objective: 274375 [Ratala]
BestIP: Hoh — Elapzed Runtime [hhrom:ss]—— (0000
IP Bound: HrA 00: aleidl]
00:00:00 noo0o
aooa
irensiser | [ o] oo
nterupt Salver lose oooo
aooa
i |2
Update interval .
MONTH( 12) 1z.00000 0.0oo0oooo
MOMTH{ 13) 13.00000 0.0o0o00o0o
DAYS( 1) 30.00000 0.0o0o00o0o
DALYS( 2) 31.00000 0.0o0o00o0o
DALYS ([ 3) 31.00000 0.0o0o00o0o
DALYS ([ 4) 30.00000 0.0o0o00o0o _J

|For Help, press F1

:astart”J o & 5
Figure 9.
The solution hence obtained can be saved and analyzed(Figure 10-A, 10-B, 10-C).

LINGD -

[Solution Report - Hunt_Yield]

B¥ File Edt LINGO ‘window Help

IWIWI_I_I—!W!TM

|j £ \Documents and Setti.. ”.LINGD [Solution Re... ®]Appendic-C - Micrasaft .. | 12:57 PM

=181
=18 x|

MR EIEIR S E R =R E]

= =/H 2|

Optimsl solution found at step:

Variable
ZHIN
MONTH( 1)
MONTH( 2)
MONTH( 3)
MONTH( 4)
MONTH( 5)
MONTH( 6)
MONTH( 7)
MONTH( 8)
MONTH( 9]
MONTH( 10)
MONTH( 11)
MONTH( 12)
MONTH( 13)
DAYS( 1)
DAYS( 2)
DAYS( 3)
DAYS( 4)

Value
274.3750
-00oooo
-00oooo
-00oooo
-00oooo
-00oooo
-00oooo
-00oooo
-00oooo
9.000000
-000oo
-000oo
-000oo
-000oo
-000oo
-000oo
-000oo
. 00000

[ - T RS S

[ a2ll are linear)

Density=0.081

Rows= 40 Vars= 28 No. integer vars= 0
Nonzeros= 94 Constraint nonz= 76 76 are +- 1)
Smallest and largest elements in abs value= 1.00000
No. < Z6 No. =: 13 No. = 0, Chj=HMALE, GUBs <= 18
Fingle cols= H

0O00Do0D00D0D0O00000000O0

2195.00

Feduced Cost
0.
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
.000oooo
. 0000000

ooooooo

]

|For Help, press F1

;ﬁstart”J & =3

Figure 10-A.

Wlml_l_l—lim

“ 5 \Documents and Setti., ”.LINGD [Solution Re... ]Appendic-C - Micrasoft .. | 12:57 PM
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E LINGO - [Solution Report - Hunt_Yield] == x|

File Edit LINGD ‘window Help =1 |
D[(E|8| =@ v o] O<(=| BlslE 2k
SIORAGLUF 01 L%/ T. oooooon T. Uooooun ;I
RELEASEFROMH{ 1) 274.3750 0.0o00o00
RELEASEFROMH{ 2) 274.3750 0.0o00o00
RELEASEFROMH{ 3) 274.3750 0.0o00o00
RELEASEFROMH{ 4) 274.3750 0.0o00o00
RELEASEFROMH{ 5) 274.3750 0.0o00o00
RELEASEFROMH{ &) 274.3750 0.0o00o00
RELEASEFROMH{ 7) 274.3750 0.0o00o00
RELEASEFROMH|{ B) 274.3750 0.0o00o00
RELEASEFROMH|{ 9) 274.3750 0.0o00o00
RELEASEFROMH( 10} 274.3750 0.0o00o00
RELEASEFROMH( 11) 274.3750 0.0o00o00
RELEASEFROMH| 12 1302.500 0.0o00o00
RELEASEFROMH( 13) 274.3750 0.0o00o00
FLOWEAPIDAN( 1) 4507.359 0.0o00o00
FLOWEAPIDAN( 2) 3027.443 0.0o00o00
FLOWEAPIDAN( 3) 21z25.032 0.0o00o00
FLOWEAPIDAN( 4) 1811.395 0.0o00o00
FLOWEAPIDAN( 5) 3B71.634 0.0o00o00
FLOWEAPIDAN (| &) 2400.189 0.0o00o00
FLOWEAPIDAN( 7) 2052 .257 0.0o00o00
FLOWEAPIDAN( B) 2724.699 0.0o00o00
FLOWEAPIDAN( 9) 19956.33 0.0o00o00
FLOWRAPIDAN 10) 17000.28 0.0o00o00
FLOWRAPIDAN| 11) 10564.12 0.0o00o00
FLOWRAPIDAN | 12) 20173.25 0.0o00o00
FLOWRAPIDAN | 13) 5403 .344 0.0o00o00
INSTREAMREQRAPIDAN 1) 8899.165 0.0o00o00
INSTREAMREQRAPIDAN 2) 6130.538 0.0o00o00
INSTREAMREQRAPIDAN 3) 6130.538 0.0o00o00
TN T T e e =
|For Help, press F1 mml_l_ Ln 20, Col 68  |12:57 pm

iastart”J :I'_ﬂ e @ |J N C:\Documents and Setti,. ”.LINGU [Solution Re... @Appendlx C - Microsaft .. | 12:57 PM
Figure 10-B.

21 LINGO - [Solution Report - Hunk_Yi _Iﬁ'lﬂ
File Edit LINGO ‘window Help _|ﬁ'|1|
Diz(ala| «|=(@ve|o| O=|x Bl/E el

EXTRAL[ 1Z) 35‘1.1112 0.0o00o00 ;I

EXTRA( 13) 0.0o00o00 0.0o00o00

SAFEYIELD( XMIMN) 0.0o00o00 0.0o00o00

ROW Slack or Surplus Dual Price

1 £274.3750 1.000000

a 0.0o00o00 -0.1250000

& 0.0o00o00 -0.1250000

4 0.0o00o00 -0.1250000

= 0.0o00o00 -0.1250000

& 0.0o00o00 -0.1250000

7 0.0o00o00 -0.1250000

=1 0.0o00o00 -0.1250000

El 0.0o00o00 -0.1250000

10 0.0o00o00 0.0o00o00

11 0.0o00o00 0.0o00o00

1z 0.0o00o00 0.0o00o00

13 0.0o00o00 0.0o00o00

14 0.0o00o00 0.0o00o00

15 0.0o00o00 0.1z50000

16 0.0o00o00 0.0o00o00

17 £274.3750 0.0o00o00

1 546.7500 0.0o00o00

12 §23.1250 0.0o00o00

z0 1027.500 0.0o00o00

21 1371.675 0.0o00o00

22 1646.250 0.0o00o00

23 1920.625 0.0o00o00

24 £195.000 0.0o00o00
25 1209.375 0.0000000 .J
|For Help, press F1 mml_l_ Ln 20, Col68 12156 pm

st ||| A & 150 || ‘Z3cipocuments and sets.. || B LINGO - [Solution Re...  Eappendis- - Mcrasot ... | [<f 12:55 M
Figure 10-C.
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The output can be seen in graphical or tabular format by selecting the desired format and

desired variable, under solution button in main toolbar (Figure 11-A, Figure 11-B, Figure

11-C).

NGO Model - Hunt_’ ==
File Edit | LINGO ‘Window Help =1
Sal Chrl+5
Dfes(E| >t = = ET AT
Yy Soldtion... Chrl+C P —— ;I
\THE cor:  Rande Chrl+R
prEEEEEE el EEEEEEEAS
1 .
'PUMF ST. Gl Chl+G EQUIREMENT CONITRAINTS:
BFOR(MCON  Exportto Database..  Chrl+D |} #GTHINSTREAMREQRAPIDAN (I) :EXTRA{I)= (FLOWRAPIDAN (I} -
INSTREAM]  Export to Spreadshest. .. L4
BFOR (MO ) BLE#INSTREAMRECQRAPIDAN (I) EXTRA(I) = 0);
Options. .. Chrl+I

'PUMP STATICN CAPACITY CONSTRAINT:
EFOR (MONTHNUMEER (I) | EETRA (I) #GE#20: INFLOWINHUNTING (I) = 2Z0%DAYS(I));
EFOR (MONTHNUMEER (I) | EETRA(I) #LTH20: INFLOWINHUNTING (I) = EXTRA(I) *DAYS(I) ):

L R R R R R AR AR R AR R REARA N
ISAFE YIELD;

L R R R A R AR AR R AR R AR AR A RAN

'SAFE YIELD IS THE LARGEST POSSIPLE RELEASE FROM THE RESERVOIR;
@FOR (MCHMTHNUMBER (I} : XMIN <= RELEASEFROMH(I));

DATA:

!THE DATAL IS EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT):
MONTH, DAYS, FLOWEAPIDAN, INSTREAMREQRAPIDAN =

BWEX (' C:%LINGO4, 3AMPLEDATAL LINGO HUNTY Hunt Data.XL3',

'MCONTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTREAMEEQRAPIDAN');

ENDDATRE
END =
|Create a solution report For this model CAP MU MOD Lm &9, Cal 1 12 59 pm

;ﬁstart”] o] & = |] {4\ Dacuments and Setti.. ”.LINEI] [LINGO Mode... [Appendix-C - Micrasaft .. | 12:53 PM
Figure 11-A

NGO Model - Hunt_’
B File Edt LINGO ‘Window Help

D(s(d|8| 4= velo] DRIx| ElwlE 2l
T T T =

!THE CONSTRAINTS FOE RAPIDAN RIVEER:
I e L L L]

'PUMP STATICN CAPACITY, INSTREAM REQUIREMENT CONSTRAINTS;

==l x|
==l x|

Hhyrapoan 1y -

'PUMP STATION CAPACITY  Header Test Cancel |
BFOR (MCNTHNUMEBER (I} | EX1

@FOR {MOMTHNUMBER (1) | EX] I [~ Monzeros Only &I

Graph Properties:

AFOR (MONTHNUMBER (I} | FI b L]
INSTREAMREQRAPIDEN (I} ) /
BFOR (MOMTHNUMEER (1) | FL

Attribute or Row Name:

Type of Output:
 Test
* Graph

R o T
ISAFE YIELD;

R AR AR R AR
ISAFE YIELD IS THE LARC
@FOR (MOMTHNUMBER (I} : 3

Graph Tupe: Walues:

@ Bar

 Line
" Pie

Bounds:

* Primal Lower: |None
© Dudl Upper: [None

¥ Include Labels

DATA:

!'THE DATAL I3 EXPORTED FFUM [HE EACEL FILE[IN MICEUSOF I EACEL .0 FOROELT -
MCNTH, DAYS, FLOWRAPIDAN, INSTREAMREQRAPIDAN =

BWEX (' C:%LINGO4, 3AMPLEDATAL LINGO HUNTY Hunt Data.XL3',

'MONTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTREAMEECQRALPIDAN');

ENDDATE
END =
[Ready [cap M MOD Ln6g, call  [12: 59 pm

iﬁstartl“ T & |J A C:iDacuments and Setti.. ”.LINGI:I [LINGO Mode... B]Appendix-C - Micrasoft .. | 12:50 pM
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Figure 11-B.

. LINGO - [LINGD Graph] =1

File Edit LINGD ‘Window Help =181
D[es(H|S]| %8|V o] 57 |R| BloE 28|

CALINGOASAMPLEDATALLINGO Hunt\Hunt Yield.lg4

1500

1000

a00

= ~ 38 = ) o = =) & = = ~ =
:$ £ £ £ £ £ ¥ ¥ z f£ f f ¥
=] =] =} =] =] =] [} =] =] = = = =
o o s o o o o o o = = =] =}
L [T [T [T L [T [T [T L o [n [n o
w L w w w L w w w [T [T [T [T
2 02 % 2 2 2 2 2 2 4§ § § {
] | W ] ] i hij ] ] <L <L <L <
— — i — — — — — — L L 1N} L1
(1N} (1N} [TH) (1N} (1N} (1N} L (1N} (1N} — — i —
o o v o o o o o o i) i) L [Im)

o [n o o

For Help, press F1 CAP UM Lnt,Colt [1:00pm

EQStart”J & H {JC:\Dacuments and Seti.. ”.LINGU [LINGO Graph] ] Appendix-C - Micrascft .. | 1:00 M
Figure 11-C.

Generating the Report:

We can generate the report of the output in algebraic, Lingo or MPS format. This report

can be generated using the Generate button under the main toolbar (Figure 12-A)).
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NGO Model - Hunt_ =121 x]

Fie Edit | LINGO ‘Window Help ==
Solve Chrl+5 3
ST
\rrnwnna  Solution... Chrl+or FEEEEEFFF ;I
\'THE cope Range Chrl+R :
[ o FEERERENE -
Look... Chrl+L :
'PUMP ST. IEQUIREMENT CONSTRATNTS
BFCOR (MCMN  Export bo Database... Chrl+D ) #GTHINSTREAMREQRAPTIDAN (I) :EXTRA(I) = (FLOWRAPIDAN (I} -
INSTREAMI  Export bo Spreadshest. .. 3
BFOR (MO ) BLESTNSTREAMREQRAPTDAN (I) :EXTRA(I) = 0):
Options. .. Chrl+I

IPIMP STATTON CAPACTTY CONSTRATNT:
BFOR {MCMTHNUMBER (T} | EXTRA (T} HGEE20: INFLOWTNHINTING (T) = 20%DAYS (T} ) :
BFOR {MOMTHNUMBER (T} | EXTRA(T) #LTE20: INFLOWTNHINTING (T) = EXTRA(T) *DAYS (T} }:

Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD:

Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD TS5 THE LARGEST POSSTIELE RELEASE FROM THE RESERVOIR:
BFOR (MCHMTHNUMBER (T} : XMIN <= RELEASEFROMH(T)):

DATA:

'THE DATL T3 EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT) :
MONTH, DAYS, FLOWREAPIDAN, INSTREAMREQRAPIDAN =

BUEX (' C:4 LINGO4, SAMPLEDATAY LINGD HUNT Hunt_Data. XLS

'MCNTH' , 'DAYS', 'FLOWRAPTIDAN', 'INSTRERMREQRRPIDAN'J,

ENDDATR
END =
|Generate expanded model CAP MU MOD Ln 59, Col 1 1:01 pm

iastart”J :I'_ﬂ e @ |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsaft .. | 1:01 PM

Figure 12-A.

=18
=18 x|

B¥ Fle Edt LINGO ‘window Help

Dl(E|a] 4= Yo DRIE| == 2
IEEEEEE LR R R R R LR L LR R R L LR R LR L LT :J

'THE CONSTRAINTS FOR RAPIDAN RIVER:
IEEEEEE LR R R R R LR L LR R R L LR R LR L LT

'PUMP STATICHN CAPACITY, INSTREAM REQUIREMENT COMNSTRAINTS:

@FOR (MCHTHNUMBER (I} | FLOWRAPIDAN (I} HGTHINSTREAMREQRAPIDAN (I) :EXTRA(I)= (FLOWRAPIDAN (I} -
INSTREAMREQRAPIDAN (1)) /DAYS (I} :
@FOR (MCHTHNUMBER (I) | FLOWRAPIDAN (I} HLE#INSTREAMREQRAPIDAN (I) :EXTRA(I)= O}

IPUMP STATION CAPACITY CONSTRAINT LiMasROcl=g\ 3 x|

HFOR {MONTHNUMEER (I) | EXTRL(I) BGEHZ 18
FOR (MONTHNUMEER (I) | EXTRA(I) #LTHZ Output F t AYSI(T =
2] { (I (1) #LTH# utput Formal (I

' tlgebraic
" LINDO Cancel
Help

[ e
ISAFE YIELD:

[ e
ISAFE YIELD IS THE LARGEST POSSIE
@FOR (MCHTHNUMEER (I) : XMIN <= REL

' MPS

DATA:

!THE DATAL I3 EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT):
MONTH, DAYS, FLOWEAPIDAN, INSTREAMREQRAPIDAN =

BWEX (' C:\ LINGO4Y SAMPLEDATAY LINGO HUNTY Hunt Data.XLS',

'MCNTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTREAMREQRAPIDAN'):

ENDDATA
END |
|Ready [cap UM MoD Ln59, col1 | 1:00 pm

iﬁstartl“ :I'_;fj a g |J N C:\Documents and Setti,. ”.LINGU [LINGO Mode... @Appendlx C - Microsoft .. | 1:01 PM
Figure 12-B.
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21 LINGD - [Generated Model Report - Hunt_Yield] =18 x|

File Edit LINGD ‘Window Help =&
D[es|E|S| 4 |=[@8ve o Ol Bzl 2l

N

‘Roms= 40 Vars= 28 MNo. integer wars= a [ all are linear

MNonzeros= 94 Constraint nonz= TE 76 are +- 1) Density=0.081

Smallest and largest elements in abs wvalue= 1.00000 2195.00

Mo. < @ 26 No. =: 13 No. > : 0, Chi=MiE, GUBs <= 18

Single cols= 2

MAX EMIN

SUBJECT TO

2]- STORAGECFH({ 2) - RELEASEFROMH({ 1) = - 2185

3]- STORAGECFH( 3) + STORAGEOFH( 2) - RELEASEFROMH({ 2) a

4] - SITORAGECFH( 4) + STORAGEOFH({ 3) - RELEASEFROMH( 3) = a

5]- STORAGECFH( 5) + STORAGEOFH({ 4) - RELEASEFROMH( 4) = a

6] - STORAGECFH( &) + STORAGEOFH( 5) - RELEASEFROMH| 5) = a

71— STORAGECFH( 7) + STORAGEOFH({ &) - RELEASEFROMH( &) = a =
8]- STORAGECFH( 8) + STORAGEOFH({ 7) - RELEASEFROMH( 7) = a

9]- STORAGECFH( Q] + STORALGECFH({ 8) - RELEASEFRCMH( 8) a

oy

10] - STORALGEOFH| + STORALGECFH{ 9) - RELEASEFRCMH{ 9)
= - 5&0
11] - STORAGEOFH({ 11) + STORAGEOFH( 10) - RELEASEFROMH( 10)
= - 620
12] - STORAGEOFH| 12) + STORAGEOFH( 11) - RELEASEFROMH( 11)
= - 600
13] - STORAGEOFH({ 13) + STORAGEOFH( 12) - RELEASEFROMH( 12)
= - 620
14] - STORALGEOFH(| 14) + STORAGEOFH( 13) - RELEASEFROMH( 13)
S a
16]<= O
17] STORAGECFH| 2} <= 2185 =l
|For Help, press F1 m IW l_l_ Ln1, Col L 1:02 pm

star ||| [ & 1 || ‘3ciipocuents and seti..[[BILINGO - [Generated . Blappendicc Mookt ... | [E- S, 1ozpm

Figure 12-C.

The output can also be exported to the Microsoft Excel Spreadsheet using the ‘Export to
Spreadsheet’ command under LINGO button in main toolbar(Figure 13-a, Figure 13-B)

= ==l x|
¥ File Edi | LINGO ‘Window Help =1
Sal Chrl+5
bR ElE 2
I o L S Lo P |
\'THE coppe Range Crl+R :
IEEEEEEE EEEEEEEEE,
X Look... Chrl+L ’
'PUMP ST. Genarate. .. Ctrl+G EQUIREMENT CONSTRAINTS:
BFOR (MO Export ko Database Chrl+Dr ) GTHINSTREAMREQRAPIDAN (I) :EXTRA(I)= (FLOWRAPIDAM(I) -
INSTREAMI OLE Transfers... Shift+Fa
BFOR (MO (I :EXTRA{I)= 0):
Options. .. Chrl+I
'PUMP STATION CAPACITY CCOMITRAINT:
BFOR (MONTHNUMEBER. (1) | EXTRA (I) #GEH20: INFLOWINHUNTING (I)= 20*DAYS(I));
@FOR (MCNTHNUMBER (1) | EXTRA (I} #LT#20: INFLOWINHUNTING (I) = EXTRA(I) *DAYS(I) )
[ L ey
I|SAFE YIELD;
[ L ey
!SAFE YIELD IS THE LARGEST PCSSIELE RELEASE FROM THE RESERVOIR:
BFOR (MONTHNUMBER (1) : XMIN <= RELEASEFROMH(I)):
DATA:
!THE DATA IS EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT):
MCNTH, DAYS, FLOWRAPIDAMN, INSTREAMREQRAPIDAN =
BWEZ{'C: \LINGOQ\SAHPLEDATA\LINGO HUNT\Hunt Data. LS
'MOMTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTREAHREQRAPIDAN'],
ENDDATRE
END =
|Llse File exports to spreadshests CAP MU MOD Ln 59, Cal 1 102 pr

iﬂstartl“ T & |J A C:iDacuments and Setti.. ”.LINGI:I [LINGO Mode... B]Appendix-C - Micrasoft .. | 1:02 M
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Figure 13-A.

= LINGO - [LINGO Model - Hunt_Yield] _i=ix]
File Edit LIMNGD ‘window Help =1
Dlz(a|a] =8 Yo BRIR| === 2l

PR A AL RARARRARRR | TNGO - Export to Spreadsheet File x| ;I
ITHE CONSTRAINTS FOR R

|rrnannnnsssnsnnsnnnnn  Template Spreadshest:

'PUMP STATION CAPACITY | | Browss.. | o |

BFOR (MCNTHNUMEER (I) | F Cancel | WRAPIDAN(I) -
INSTREAMREORAPIDAN (Ijj [ CutputSpreadshest el

BFOR (MONTHNUMBER (I} | F | | Browse... | LI

\PUMP STATION CARPACITY
@FOR {MCHMTHNUMBER (I} | EX
@FOR {MCHMTHNUMBER (I} | EX

T T T
I|SAFE YIELD;
P
ISAFE YIELD IS THE LAR
@FOR {MCHMTHNUMBER (I} :

DATA:

!THE DATAL I3 EXPORTED
MONTH, DAYS, FLOWEAPID
BWEE (' C:4 LINGCO4Y SAMFLE
'MCNTH' , 'DAYS', 'FLOWR

i~ Spreadshest Links:
LINGO Wariabls:
[pavs

Spreadsheet Fange:

s

Delete |

Clear | Add

[*ariable -» Fange] Link List:

ENDDATAL

END

|Ready

;Qstart| | = & =
Figure 13-B.

At any point of time, help regarding the syntax can be obtained from the ‘Help’ button at

WIWI_IWI_!WW

“ 5 \Documents and Sett.. ”.LINGU [LINGO Mode... ]appendic-i - Micrasoft .. | 1:02 PM

the main toolbar (Figure 14-A, Figure 14-B).
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NGO Model - Hunt_

=1=1 %]

B¥ Fie Edi LINGO ‘indow | Help 18] x|
NECEREIREL - e =T
IHFFERRTTFTELASNFTFENNSS AbDUtLINGO k*********: ;I

'THE CONSTRAINTS FOR RAPIDAN RIVER:
IEEEEEEEEEEEE L LR L LR R R R L LR R LR L L

'PUTMP STATICHN CAPACITY, INSTREAM REQUIREMENT COMSTRATINTS:

BFOR {MCHTHNUMBER (T) | FLOWRAPTDAN (T} HGTH TNSTREAMREQRAPTDAN (T) : EXTRA(T)= (FLOWRAPTIDAN (T} -
THNSTREAMRECQRAPTDAN (T} ) /DAYS (T} ) :
BFOR {MCHMTHNUMBER (T) | FLOWRAPTDAN (T) HLE#TNSTREAMREQRAPTDAN (T) :EXTRA(T)= 0O}

IPIMP STATTON CAPACTTY CONSTRATNT:
BFOR {MCMTHNUMBER (T} | EXTRA (T} HGEE20: INFLOWTNHINTING (T) = 20%DAYS (T} ) :
BFOR {MOMTHNUMBER (T} | EXTRA(T) #LTE20: INFLOWTNHINTING (T) = EXTRA(T) *DAYS (T} }:
Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD:

Iﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘***********************:

ISAFE YIELD TS5 THE LARGEST POSSTIELE RELEASE FROM THE RESERVOIR:

BFOR (MCHMTHNUMBER (T} : XMIN <= RELEASEFROMH(T)):

DATA:

'THE DATL T3 EXPORTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT) :
MONTH, DAYS, FLOWRAPIDAN, INSTREAMRECQRAPIDAN
BUEX (' C:4 LINGO4, SAMPLEDATAY LINGD HUNT Hunt_Data. XLS

'MONTH' , 'DAYS', 'FLOWRAPIDAN', 'INSTRERMREQRRPID&N']’

ENDDATR

END =
|List Help topics CAP MU MOD Ln 59, Col 1 ilg 05 pm

:astart”J &
Figure 14-A.

| ‘=3c:1Documents and Setti.. ”.LINGD [LINGD Mode... ®]Appendic-C - Micrasaft .. | 1:05 FM

NGO Model - Hunt —=1x|
B¥ File Edi LINGO ‘window Help — =] x|
o Bay I N e N N TS =1 N

DlDlElél ‘X’lhlﬂl% Help Topics: LINGO4 2=

S TLIISIIITI I =
'THE CONSTRAINTS FOR Rap | Conteris Indes |Find |

R R R R R R R R R AR R R AR

'PUNF STATION CAPACITY, 1 Tupe the first few letters of the ward pau're laoking for.

BFOR (MOMTHMNUMEER (I) | FLC SOCLIIOH PIDAN(I) -

INZTREAMEEQRAPIDAN (I)) /L
EFOR (MONTHNUMEER (I) | FLC

2 Click the index entry you want, and then click Display.

'PUMP STATION CAPACITY C
EFOR (MONTHNUMEER (I) | EXTE
EFOR (MONTHNUMEER (I) | EXTE

Solution Reparts

Solve Command

Solver Status Window

Solvers Uzed Internally by LINGD
Solving the Model

SOMGS LG4

SORTIMN.LG4

Sorting E=ample

Spanning Tree Model

Splazh Screen

Spreadsheets - Interfacing with

I BE R AR REFARARFARARAATERT
!SAFE YIELD:

I BE R AR REFARARFARARAATERT
!'JAFE YTIELD IS5 THE LARGE
EFOR (MONTHNUMEER (I): XP

STABAR - Status Bar =
Stack Space
o Staff Scheduling Madels
DaTA: STAFFDEM LG4 =
!THE DATA IS EXFORTED FE
MCNTH, DAYS, FLOWEAPIDAD (——ETT———] i c
BWEX (' C:\LINGO4) SAMPLEDE RS fifk.. | anee |
'MONTH' , 'DAYS' , ' FLOWRAFTITEN TS IRE MR R A LOAT | -
ENDDATR
EHD =
|Ready CAP MU MOD Ln 59, Cal 1 ilg 05 pr

;ﬁstart”J & =3
Figure 14-B.

“ 5 \Documents and Setti., ”.LINGD [LINGO Mode... ®]Appendicc - Micrasoft .. | 1:05 PM
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The project and the results can be saved after we analyze the results, for the future use

(Figure 15).

2. LINGO - [LINGO Model - Hunt_Yield] =] x|
File Edit LINGO ‘Window Help =181 x]
Mew Fz
C lRIR| 2wl 2 el
—  Open... F3
] .- F4 R ;l
| [ER:
1 CIUSE Eg **Tﬁ*ﬁ*ﬁ**f:
{ I REQUIREMENT CCMNITRAINTS:
Print... F?
B Prink Setup,.. F& T{I)#GTH#INSTREAMREQRAPIDAN (1) :EXTRA (I)= (FLOWRAPIDAN (I) -
T Print Preview Shift+Fe
] (I} #LE#INSTREAMREQRAPIDAN (1) :EXTRA(I)= 0);
Log Output., .. F2
! Take Commands... F11 fT:
. = * .
] Tport LTNDG Fle. . =g 20: INFLOWINHUNTING (T)= 2O*DAYS (1)) :
] 20: INFLOWINHUNTING (I)= EXTRA(I) *DAYS(I) J:
1 Hunt_Yield
i 2 Hunt **T**ﬁﬁﬁ**f*;
U 3 CALINGD4Y,. \HAt-MEs-NIS 3
Y 4 CiLINGO,. HURES-243001 FEIEEREEEEEAE,
{ BELE RELEASE FROM THE RESERVOIR;
@ Exit F10 LELSEFROMH (I} )
DATA:
'THE DATAL I3 EXPCRTED FROM THE EXCEL FILE(IN MICROSOFT EXCEL 4.0 FORMAT):
MCNTH, DAYS, FLOWRAFIDAN, INITREAMREQRAFIDAN =
BWEX('C:\LINGO4\ SANPLEDATAY LINGD HU'NT\ Hunt_Data.XL3'
'MONTH' , 'DAYS', 'FLOWRAPIDAN', ' INSTREAHREQRAP IDAN' ] ;
ENDDATRE
END =
|Save the active document with & new name CAP [NLIM Moo Ln 59, Cal 1 1:06 pm

§a5tartl| & &3 | | 2 'I,Documents and Sef ”.LINGD [LINGO Mode... B]appendix-C - Microsoft .. | 1:06 PM
Figure 15.
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Appendix E LINGO Input / Output Files

Lingo Program of the Individual and Joint operations of the reservoir is made and solved
using optimization software Lingo.

In this Appendix, a sample Lingo Program is presented with the input and output
files.

Sample Lingo Program

Joint Operation of Hunting Run, Motts Run and Ni River Reservoir (For Critical
Drought Period May 1965-Nov 1966)

max = Xmin;

stohl = 2196;
stoh2 < 2196;
stoh3 < 2196;
stoh4 < 2196;
stoh5 < 2196;
stoh6 < 2196;
stoh7 < 2196;
stoh8 < 2196;
stoh9 < 2196;
stoh10 < 2196;
stohl1 < 2196;
stoh12 < 2196;
stoh13 < 2196;
stoh14 < 2196;
stoh15 < 2196;
stoh16 < 2196;
stoh17 < 2196;
stoh18 < 2196;
stoh19 < 2196;
stoh20 < 2196;

stoh011 < 1760;
stoh012 < 1540;
stoh013 < 1320;
stoh014 < 1100;
stoh015 < 990;
stoh016 < 990;
stoh017 < 880;
stoh018 < 880;
stoh019 < 990;
stoh0110 < 1100;
stoh0111 < 1320;
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stoh0112 < 1540;
stoh0113 < 1760;
stoh0114 < 1540;
stoh0115 < 1320;
stoh0116 < 1100;
stoh0117 < 990;
stoh0118 <990,
stoh0119 < 880;

stohO11 > 1760*inth21;
stoh012 > 1540*inth22;
stoh013 > 1320*inth23;
stoh014 > 1100*inth24;
stoh015 > 990*inth25;
stoh016 > 990*inth26;
stoh017 > 880*inth27;
stoh018 > 880*inth28;
stoh019 > 990*inth29;
stoh0110 > 1100*inth210;
stoh0111 > 1320*inth211;
stoh0112 > 1540*inth212;
stoh0113 > 1760*inth213;
stoh0114 > 1540*inth214;
stoh0115 > 1320*inth215;
stoh0116 > 1100*inth216;
stoh0117 > 990*inth217;
stoh0118 > 990*inth218;
stoh0119 > 880*inth219;

stoh021 < 374*inth21;
stoh022 < 656*inth22;
stoh023 < 876*inth23;
stoh024 < 1096*inth24;
stoh025 < 1206*inth25;
stoh026 < 1206*inth26;
stoh027 < 1316*inth27;
stoh028 < 1316*inth28;
stoh029 < 1206*inth29;
stoh0210 < 1096*inth210;
stoh0211 < 682*inth211;
stoh0212 < 528*inth212;
stoh0213 < 374*inth213;
stoh0214 < 656*inth214;
stoh0215 < 876*inth215;
stoh0216 < 1096*inth216;
stoh0217 < 1206*inth217;
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stoh0218 < 1206*inth218;
stoh0219 < 1316*inth219;

stoh021 < 374;

stoh0211 < 682;
stoh0212 < 528;
stoh0213 < 374;

stoh021 > 374*inth41;

stoh0211 > 682*inth411;
stoh0212 > 528*inth412;
stoh0213 > 374*inth413;

stoh031 < 62 *inth41;
stoh0311 < 194 *inth411;
stoh0312 < 128 *inth412;
stoh0313 < 62 *inth413;

stohl = stohO11 + stoh021 + stoh031;
stoh2 = stoh012 + stoh022;

stoh3 = stoh013 + stoh023;

stoh4 = stoh014 + stoh024;

stoh5 = stoh015 + stoh025;

stoh6 = stoh016 + stoh026;

stoh7 = stoh017 + stoh027;

stoh8 = stoh018 + stoh028;

stoh9 = stoh019 + stoh029;

stoh10 = stoh0110 + stoh0210 ;

stohl1 = stoh0111 + stoh0211 +stoh0311;
stoh12 = stoh0112 + stoh0212 +stoh0312;
stoh13 = stoh0113 + stoh0213 +stoh0313;
stoh14 = stoh0114 + stoh0214;

stoh15 = stoh0115 + stoh0215;

stoh16 = stoh0116 + stoh0216;

stoh17 = stoh0117 + stoh0217;

stoh18 = stoh0118 + stoh0218;

stoh19 = stoh0119 + stoh0219;

instrhl = 6130.54 +3065.27*inth21+ 6110.50*inth41;
instrh2 = 2966.39 + 5932.78*inth22;
instrh3 = 3065.27 + 3065.27*inth23;
instrh4 = 3065.27 + 3065.27*inth24;
instrh5 = 2966.39 + 2966.39*inth25;
instrh6 = 3065.27 + 3065.27*inth26;
instrh7 = 2966.39 + 2966.39*inth27;
instrh8 = 3065.27 + 3065.27*inth28;

123



instrh9 = 3065.27 + 3065.27*inth29;

instrh10 = 2768.63 + 2768.63*inth210;

instrh11 = 6130.54 + 3065.27*inth211+ 6110.50*inth411;
instrh12 = 5932.78 + 2966.39*inth212+ 5913.39*inth412;
instrh13 = 6130.54 + 3065.27*inth213+ 6110.50*inth413;
instrh14 = 2966.39 + 5932.78*inth214;

instrh15 = 3065.27 + 3065.27*inth215;

instrh16 = 3065.27 + 3065.27*inth216;

instrh17 = 2966.39 + 2966.39*inth217;

instrh18 = 3065.27 + 3065.27*inth218;

instrh19 = 2966.39 + 2966.39*inth219;

instrh1 < 9824.48 + 1000000*inth31;
instrh2 <4763.39 + 1000000*inth32;
instrh3 < 3096.20+ 1000000*inth33;
instrh4 <2103.19 + 1000000*inth34;
instrh5 <1914.29 + 1000000*inth35;
instrh6 <3831.84 + 1000000*inth36;
instrh7 <2536.50 + 1000000*inth37;
instrh8 <2098.87 + 1000000*inth38;
instrh9 <2516.91 + 1000000*inth39;
instrh10 <22596.31 + 1000000*inth310;
instrh11 < 16825.51 + 1000000*inth311;
instrh12 < 11164.19 + 1000000*inth312;
instrh13 < 19965.89 + 1000000*inth313;
instrh14 < 5805.38 + 1000000*inth314;
instrh15 <2104.82 + 1000000*inth315;
instrh16 < 1005.50 + 1000000*inth316;
instrh17 < 15213.07 + 1000000*inth317,
instrh18 < 15442.59 + 1000000*inth318;
instrh19 < 10300.82 + 1000000*inth319;

intakehl > 9824.48 - instrh1 - 1000000*inth31;
intakeh2 > 4763.39- instrh2 - 1000000*inth32;
intakeh3 > 3096.20 - instrh3 - 1000000*inth33;
intakeh4 > 2103.19 - instrh4 - 1000000*inth34;
intakeh5 > 1914.29 - instrh5 - 1000000*inth35;
intakeh6 > 3831.84 - instrh6 - 1000000*inth36;
intakeh7 > 2536.50 - instrh7 - 1000000*inth37;
intakeh® > 2098.87 - instrh8 - 1000000*inth38;
intakeh9 > 2516.91 - instrh9 - 1000000*inth39;
intakeh10 > 22596.31 - instrh10 - 1000000*inth310;
intakehl1 > 16825.51 - instrh11 - 1000000*inth311;
intakeh12 > 11164.19 - instrh12 - 1000000*inth312;
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intakeh13 > 19965.89 - instrh13 - 1000000*inth313;
intakeh14 > 5805.38 - instrh14 - 1000000*inth314;
intakeh15 > 2104.82 - instrh15 - 1000000*inth315;
intakeh16 > 1005.50 - instrh16 - 1000000*inth316;
intakeh17 > 15213.07 - instrh17 - 1000000*inth317;
intakeh18 > 15442.59 - instrh18 - 1000000*inth318;
intakeh19 > 10300.82 - instrh19 - 1000000*inth319;

intakehl < 9824 .48 - instrh1 + 1000000*inth31;
intakeh2 < 4763.39- instrh2 + 1000000*inth32;
intakeh3 < 3096.20 - instrh3 + 1000000*inth33;
intakeh4 < 2103.19 - instrh4 + 1000000*inth34;
intakeh5 < 1914.29 - instrh5 + 1000000*inth35;
intakeh6 < 3831.84 - instrh6 + 1000000*inth36;
intakeh7 < 2536.50 - instrh7 + 1000000*inth37;
intakeh8 < 2098.87 - instrh8 + 1000000*inth38;
intakeh9 < 2516.91 - instrh9 + 1000000*inth39;
intakeh10 <22596.31 - instrh10 + 1000000*inth310;
intakeh11 < 16825.51 - instrh11 + 1000000*inth311;
intakeh12 < 11164.19 - instrh12 + 1000000*inth312;
intakeh13 < 19965.89 - instrh13 + 1000000*inth313;
intakeh14 < 5805.38 - instrh14 + 1000000*inth314;
intakeh15 <2104.82 - instrh15 + 1000000*inth315;
intakeh16 < 1005.50 - instrh16 + 1000000*inth316;
intakeh17 < 15213.07 - instrh17 + 1000000*inth317;
intakeh18 < 15442.59 - instrh18 + 1000000*inth318;
intakeh19 < 10300.82 - instrh19 + 1000000*inth319;

instrh1 > 9824.48 - 1000000 + 1000000*inth31+0.000001;
instrh2 > 4763.39 - 1000000 + 1000000*inth32+0.000001;
instrh3 > 3096.20- 1000000 + 1000000*inth33+0.000001;
instrh4 >2103.19 - 1000000 + 1000000*inth34+0.000001;
instrh5 > 1914.29 - 1000000 + 1000000*inth35+0.000001;
instrh6 > 3831.84 - 1000000 + 1000000*inth36+0.000001;
instrh7 >2536.50 - 1000000 + 1000000*inth37+0.000001;
instrh8 >2098.87 - 1000000 + 1000000*inth38+0.000001;
instrh9 >2516.91 - 1000000 + 1000000*inth39+0.000001;
instrh10 > 22596.31 - 1000000 +1000000*inth310+0.000001;
instrh11 > 16825.51 - 1000000 +1000000*inth311+0.000001;
instrh12 > 11164.19 - 1000000 +1000000*inth312+0.000001;
instrh13 > 19965.89 - 1000000 +1000000*inth313+0.000001;
instrh14 > 5805.38 - 1000000 +1000000*inth314+0.000001;
instrh15 > 2104.82 - 1000000 +1000000*inth315+0.000001;
instrh16 > 1005.50 - 1000000 +1000000*inth316-+0.000001;
instrh17 > 15213.07 - 1000000 +1000000*inth317+0.000001;
instrh18 > 15442.59 - 1000000 +1000000*inth318+0.000001;
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instrh19 > 10300.82 - 1000000 +1000000*inth319+0.000001;

intakeh1 < 1000000 -1000000*inth31;
intakeh2 < 1000000 -1000000*inth32;
intakeh3 < 1000000 -1000000*inth33;
intakeh4 < 1000000 -1000000*inth34;
intakeh5 < 1000000 -1000000*inth35;
intakeh6 < 1000000 -1000000*inth36;
intakeh7 < 1000000 -1000000*inth37;
intakeh8 < 1000000 -1000000*inth38;
intakeh9 < 1000000 -1000000*inth39;
intakeh10 < 1000000 -1000000*inth310;
intakeh11 < 1000000 -1000000*inth311;
intakeh12 < 1000000 -1000000*inth312;
intakeh13 < 1000000 -1000000*inth313;
intakeh14 < 1000000 -1000000*inth314;
intakeh15 < 1000000 -1000000*inth315;
intakeh16 < 1000000 -1000000*inth316;
intakeh17 < 1000000 -1000000*inth317;
intakeh18 < 1000000 -1000000*inth318;
intakeh19 < 1000000 -1000000*inth319;

pumphl < 744;
pumph2 < 720;
pumph3 < 744;
pumph4 < 744;
pumph5 < 720;
pumph6 < 744;
pumph?7 < 720;
pumph8 < 744;
pumph9 < 744;
pumphl10 < 672;
pumphll < 744;
pumph12 < 720;
pumph13 < 744;
pumph14 < 720;
pumphl5 < 744;
pumphl6 < 744;
pumphl7 < 720;
pumph18 < 744;
pumph19 < 720;

pumphl < intakehl;
pumph?2 < intakeh2;
pumph3 < intakeh3;
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pumph4 < intakeh4;
pumph5 < intakeh5;
pumph6 < intakeh6;
pumph7 < intakeh7;
pumph8 < intakeh8;
pumph9 < intakeh9;
pumph10 < intakeh10;
pumphl1 < intakehll;
pumphl12 < intakeh12;
pumph13 < intakeh13;
pumphl4 < intakeh14;
pumphl5 < intakehl5;
pumphl6 < intakeh16;
pumphl17 < intakeh17;
pumphl8 < intakeh18;
pumph19 < intakeh19;

stohl + pumphl - relhl = stoh2;
stoh2 + pumph?2 - relh2 = stoh3;
stoh3 + pumph3 - relh3 = stoh4;
stoh4 + pumph4 - relh4 = stohS5;
stoh5 + pumphS5 - relh5 = stoh6;
stoh6 + pumph6 - relh6 = stoh7;
stoh7 + pumph7 - relh7 = stohs;
stoh8 + pumphS8 - relh8 = stoh9;
stoh9 + pumph9 - relh9 = stoh10;
stoh10 + pumph10 - relh10 = stoh11;
stoh11 + pumphl1 - relh11 = stoh12;
stoh12 + pumphl2 - relh12 = stoh13;
stoh13 + pumph13 - relh13 = stoh14;
stoh14 + pumph14 - relh14 = stoh15;
stoh15 + pumph15 - relh15 = stoh16;
stoh16 + pumph16 - relh16 = stoh17;
stoh17 + pumph17 - relh17 = stoh18;
stoh18 + pumph18 - relh18 = stoh19;
stoh19 + pumph19 - relh19 = stoh20;

stom]1 = 1205;
stom2 < 1205;
stom3 < 1205;
stom4 < 1205;
stom5 < 1205;
stom6 < 1205;
stom7 < 1205;
stom8 < 1205;
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stom9 < 1205;

stom10 < 1205;
stoml1 < 1205;
stom12 < 1205;
stom13 < 1205;
stom14 < 1205;
stom15 < 1205;
stom16 < 1205;
stom17 < 1205;
stom18 < 1205;
stom19 < 1205;
stom20 < 1205;

stom011 <973;
stom012 < 843;
stom013 < 723;
stom(014 < 602;
stom015 < 542;
stom016 < 542;
stom017 <482;
stom018 < 482;
stom019 < 543;
stom(0110 < 602;
stom0111 <723;
stom(0112 < 843;
stom0113 <973;
stom0114 < 843;
stom0115 < 723;
stom0116 < 602;
stom0117 < 542;
stom0118 < 542;
stom(0119 < 482;

stom011 > 973*intm21;
stom012 > 843*intm22;
stom013 > 723*intm23;
stom014 > 602*intm24;
stom015 > 542*intm25;
stom016 > 542*intm26;
stom017 > 482*intm27;
stom018 > 482*intm28;
stom019 > 543*1ntm29;
stom0110 > 602*intm210;
stomO111 > 723*intm211;
stom0112 > 843*intm212;
stom0113 > 973*intm213;
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stom0114 > 843*intm214;
stom0115 > 723*intm215;
stom0116 > 602*intm216;
stom0117 > 542*intm217;
stom0118 > 542*intm218;
stom0119 > 482*intm219;

stom021 < 196*intm21;
stom022 < 362*intm22;
stom023 < 482*intm23;
stom024 < 603*intm24;
stom025 < 663*Intm25;
stom026 < 663*intm26;
stom027 < 723*Iintm27;
stom028 < 723*intm28;
stom029 < 662*1ntm29;
stom0210 < 603*intm210;
stom0211 < 374*intm211;
stom0212 < 290*intm212;
stom0213 < 196*intm213;
stom0214 < 362*intm214;
stom0215 < 482*intm215;
stom0216 < 603*intm216;
stom0217 < 663*intm217;
stom0218 < 663*intm218;
stom0219 < 723*intm219;

stom021 < 196;

stom0211 < 374;
stom0212 < 290;
stom0213 < 196;

stom021 > 196*intm41;

stom0211 > 374*intm411;
stom0212 > 290*intm412;
stom0213 > 196*intm413;

stom031 < 36 *intm41;
stom0311 < 108 *intm411;
stom0312 <72 *intm412;
stom0313 <36 *intm413;

stom] = stom011 + stom021-+stom031;
stom2 = stom(012 + stom(022;
stom3 = stom013 + stom023;
stom4 = stom014 + stom024;
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stom5 = stom015 + stom025;

stom6 = stom016 + stom026;

stom7 = stom017 + stom027;

stom8 = stom018 + stom028;

stom9 = stom019 + stom029;

stom10 = stom0110 + stom0210;

stoml1 =stom(0111 + stom0211 +stom0311;
stom12 = stom0112 + stom0212 +stom0312;
stom13 = stom0113 + stom0213 +stom0313;
stom14 = stom0114 + stom0214;

stom15 = stom0115 + stom0215;

stom16 = stom0116 + stom0216;

stom17 = stom0117 + stom0217;

stom18 = stom0118 + stom0218;

stom19 = stom0119 + stom0219;

instrm1 = 12842.07 + 6431.05*intm21 + 13383.00*intm41;
instrm2 = 6223.60 + 12427.81*intm22;

imnstrm3 = 6431.05 + 6411.02*intm23;

instrm4 = 6431.05 + 6411.02*intm24;

mstrm5 = 6223.60 + 6204.21*intm25;

instrm6 = 6431.05 + 6411.02*intm26;

mstrm7 = 6223.60 + 6204.21*intm27;

instrm8 = 6431.05 + 6411.02*intm28;

imstrm9 = 6431.05 + 6411.02*intm29;

instrm10 = 5808.69 + 5790.60*intm210;

instrm11 = 12842.07 + 5790.60*intm211 + 13383.00 *intm411;
instrm12 = 12427.81 + 6223.60*intm212 + 12951.29*intm412;
instrm13 = 12842.07 + 6431.05*intm213 + 13383.00*intm413;
instrm14 = 6223.60 + 12427.81*intm214;

instrm15 = 6431.05 +6411.02*intm215;

mnstrm16 = 6431.05 + 6411.02*intm216;

instrm17 = 6223.60 + 6204.21*intm217;

instrm18 = 6431.05 + 6411.02*intm218;

instrm19 = 6223.60 + 6204.21*intm219;

instrm1 < 17277.69 + 1000000*intm31 ;
mstrm2 < 7695.16 + 1000000*intm32 ;
instrm3 < 5124.41 + 1000000*intm33 ;
instrm4 < 3769.68 + 1000000*intm34 ;
instrm5 < 2964.06 + 1000000*intm35 ;
instrm6 < 5438.55 + 1000000*intm36 ;
instrm7 < 3876.08 + 1000000*intm37 ;
nstrm& < 4024.92 + 1000000*intm38 ;
instrm9 < 5261.84 + 1000000*intm39 ;
instrm10 < 43642.64 + 1000000*intm310 ;
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instrm11 <31629.96 + 1000000*intm311 ;
instrm12 < 22192.46 + 1000000*intm312 ;
instrm13 <40229.54 + 1000000*intm313 ;
instrm14 < 9652.20 + 1000000*intm314 ;
instrm15 < 2768.36 + 1000000*intm315 ;
instrm16 < 1500.02 + 1000000*intm316 ;
instrm17 <37335.78 + 1000000*intm317 ;
instrm18 < 36027.92 + 1000000*intm318 ;
instrm19 < 15960.33 + 1000000*intm319 ;

intakem1 > 17277.69 - instrm1 - 1000000*intm31;
intakem2 > 7695.16- instrm2 - 1000000*intm32;
intakem3 > 5124.41 - instrm3 - 1000000*intm33;
intakem4 > 3769.68 - instrm4 - 1000000*intm34;
intakem5 > 2964.06 - instrm5 - 1000000*intm35;
intakem6 > 5438.55 - instrm6 - 1000000*intm36;
intakem?7 > 3876.08 - instrm7 - 1000000*intm37;
intakem8& > 4024.92 - instrm8 - 1000000*intm38;
intakem9 > 5261.84 - instrm9 - 1000000*intm39;
intakem10 > 43642.64 - instrm10 - 1000000*intm310;
intakem11 > 31629.96 - instrm11 - 1000000*intm311;
intakem12 > 22192.46 - instrm12 - 1000000*intm312;
intakem13 > 40229.54 - instrm13 - 1000000*intm313;
intakem14 > 9652.20 - instrm14 - 1000000*intm314;
intakem15 > 2768.36 - instrm15 - 1000000*1ntm315;
intakem16 > 1500.02 - instrm16 - 1000000*intm316;
intakem17 > 37335.78 - instrm17 - 1000000*intm317;
intakem18 > 36027.92 - instrm18 - 1000000*intm318;
intakem19 > 15960.33 - instrm19 - 1000000*intm319;

intakem1 < 17277.69 - instrm1 + 1000000*intm31;
intakem2 < 7695.16- instrm2 + 1000000*intm32;
intakem3 < 5124.41 - instrm3 + 1000000*intm33;
intakem4 < 3769.68 - instrm4 + 1000000*intm34;
intakem5 < 2964.06 - instrm5 + 1000000*intm35;
intakem6 < 5438.55 - instrm6 + 1000000*intm36;
intakem?7 < 3876.08 - instrm7 + 1000000*intm37;
intakem8& < 4024.92 - instrm& + 1000000*intm38;
intakem9 < 5261.84 - instrm9 + 1000000*intm39;
intakem10 < 43642.64 - instrm10 + 1000000*intm310;
intakem11 <31629.96 - instrm11 + 1000000*intm311;
intakem12 <22192.46 - instrm12 + 1000000*intm312;
intakem13 < 40229.54 - instrm13 + 1000000*intm313;
intakem14 < 9652.20 - instrm14 + 1000000*intm314;
intakem15 < 2768.36 - instrm15 + 1000000*intm315;
intakem16 < 1500.02 - instrm16 + 1000000*intm316;
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intakem17 <37335.78 - instrm17 + 1000000*intm317;
intakem18 < 36027.92 - instrm18 + 1000000*intm318;
intakem19 < 15960.33 - instrm19 + 1000000*intm319;

instrm1 > 17277.69 - 1000000 +1000000*intm3 1+ 0.000001;
instrm2 > 7695.16 - 1000000 +1000000*intm32+ 0.000001;
instrm3 > 5124.41 - 1000000 +1000000*intm33+ 0.000001;
instrm4 > 3769.68 - 1000000 +1000000*intm34+ 0.000001;
instrm5 > 2964.06 - 1000000 +1000000*intm35+ 0.000001;
instrm6 > 5438.55 - 1000000 +1000000*intm36+ 0.000001;
instrm7 > 3876.08 - 1000000 +1000000*intm37+ 0.000001;
instrm& > 5831.22 - 1000000 +1000000*intm38+ 0.000001;
instrm9 > 5261.84 - 1000000 +1000000*intm39+ 0.000001;
instrm10 > 43642.64 - 1000000 +1000000*intm310+ 0.000001;
instrm11 > 31629.96 - 1000000 +1000000*intm311+ 0.000001;
instrm12 > 22192.46 - 1000000 +1000000*intm312+ 0.000001;
instrm13 > 40229.54 - 1000000 +1000000*intm313+ 0.000001;
instrm14 > 9652.20 - 1000000 +1000000*intm3 14+ 0.000001;
instrm15 > 2768.36 - 1000000 +1000000*intm3 15+ 0.000001;
instrm16 > 1500.02 - 1000000 +1000000*intm316+ 0.000001;
instrm17 > 37335.78 - 1000000 +1000000*intm317+ 0.000001;
instrm18 > 36027.92 - 1000000 +1000000*intm318+ 0.000001;
instrm19 > 15960.33 - 1000000 +1000000*intm319+ 0.000001;

intakem1 < 1000000 -1000000*intm31;
intakem2 < 1000000 -1000000*intm32;
intakem3 < 1000000 -1000000*intm33;
intakem4 < 1000000 -1000000*intm34;
intakem5 < 1000000 -1000000*intm35;
intakem6 < 1000000 -1000000*intm36;
intakem?7 < 1000000 -1000000*intm37;
intakem8 < 1000000 -1000000*intm38;
intakem9 < 1000000 -1000000*intm39;
intakem10 < 1000000 -1000000*intm310;
intakem11 < 1000000 -1000000*intm311;
intakem12 < 1000000 -1000000*intm312;
intakem13 < 1000000 -1000000*intm313;
intakem14 < 1000000 -1000000*intm314;
intakem15 < 1000000 -1000000*intm315;
intakem16 < 1000000 -1000000*intm316;
intakem17 < 1000000 -1000000*intm317;
intakem18 < 1000000 -1000000*intm318;
intakem19 < 1000000 -1000000*intm319;

pumpml <310;
pumpm? < 300;
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pumpm3 < 310;
pumpm4 < 310;
pumpm5 < 300;
pumpm6 < 310;
pumpm?7 < 300;
pumpm8 < 310;
pumpm9 < 310;
pumpm10 < 280;
pumpml1 < 310;
pumpm]12 < 300;
pumpml13 < 310;
pumpm14 < 300;
pumpml5 < 310;
pumpml16 < 310;
pumpm17 < 300;
pumpml8 < 310;
pumpm19 < 300;

pumpml < intakeml;
pumpm?2 < intakem?2;
pumpm3 < intakem3;
pumpm4 < intakem4;
pumpmS5 < intakemS5;
pumpm6 < intakem6;
pumpm?7 < intakem?7;
pumpm8 < intakemsS;
pumpm9 < intakem9;
pumpm10 < intakem10;
pumpml 1 < intakem11;
pumpm]12 < intakem12;
pumpm13 < intakem13;
pumpml4 < intakem14;
pumpml5 < intakem15;
pumpm16 < intakem16;
pumpml17 < intakem17;
pumpm]18 < intakem18;
pumpm19 < intakem19;

relml < 372;
relm2 < 360;
relm3 < 372;
relm4 < 372;
relm5 < 360;
relm6 < 372;
relm7 < 360;
relm8 < 372;
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relm9 < 372;

relm10 < 336;
relml1 < 372;
relm12 < 360;
relm13 < 372;
relm14 < 360;
relm15 < 372;
relm16 < 372;
relm17 < 360;
relm18 < 372;
relm19 < 360;

stom]l + pumpml + 29.43+ relh1- relm1 = stom2;

stom2 + pumpm?2 + 65.00+ relh2- relm2 = stom3;

stom3 + pumpm3 + 115.44+ relh3- relm3 = stom4;
stom4 + pumpm4 + 135.02+ relh4- relm4 = stom5;
stom5 + pumpmS5 + 263.76+ relh5- relm5 = stom6;
stom6 + pumpm6 + 118.38+ relh6- relm6 = stom7;
stom7 + pumpm?7 + 13.91+ relh7- relm7 = stom§;

stom8 + pumpmS8 + 0.00+ relh8- relm& = stom9;

stom9 + pumpm9 + 141.24+ relh9- relm9 = stom10;
stom10 + pumpm10 + 133.99+ relh10- relm10 = stom11;
stoml1l + pumpml1 + 149.67+ relh11- relm11 = stom12;
stom12 + pumpm12 + 43.10+ relh12- relm12 = stom13;
stom13 + pumpm13 + 248.85+ relh13- relm13 = stom14;
stom14 + pumpm14 + 169.73+ relh14- relm14 = stom15;
stoml15 + pumpm15 + 17.04+ relh15- relm15 = stom16;
stom16 + pumpm16 + 0.28+ relh16- relm16 = stom17;
stom17 + pumpm17 + 320.30+ relh17- relm17 = stom18;
stom18 + pumpm18 + 879.20+ relh18- relm18 = stom19;
stom19 + pumpm19 + 75.69+ relh19- relm19 = stom20;

stonil = 750;
stoni2 < 750;
stoni3 < 750;
stoni4 < 750;
stoni5 < 750;
stoni6 < 750;
stoni7 < 750;
stoni8 < 750;
stoni9 < 750;
stonil0 < 750;
stonill < 750;
stonil2 < 750;
stonil3 < 750;
stonil4 < 750;
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stonil5 < 750;
stonil6 < 750;
stonil7 < 750;
stonil8 < 750;
stonil9 < 750;
stoni20 < 750;

stonil + 238.42- relnil-spillnil = stoni2;
stoni2 + 141.36 - relni2-spillni2 = stoni3;
stoni3 + 133.22 - relni3-spillni3 = stoni4;
stoni4 + 105.04 - relni4-spillni4 = stoni5;
stoni5 +49.61 - relni5-spillni5= stoni6;

stoni6 + 85.62 - relni6-spillni6 = stoni7;
stoni7 + 50.24 - relni7-spillni7 = stonis;
stoni8 + 61.20 - relni8-spillni8 = stoni9;
stoni9 + 159.52 - relni9-spillni9 = stonil0;
stonil0 + 824.58 - relnil0-spillnil0 = stonil 1;
stonil1 + 473.89- relnil 1-spillnil 1 = stonil2;
stonil2 +411.26 - relnil 2-spillnil2 = stonil3;
stonil3 +431.93 - relnil 3-spillnil3 = stonil4;
stonil4 + 73.10 - relnil4-spillni14 = stonil5;
stonil5 + 35.15 - relnil5-spillnil5 = stonil6;
stonil6 + 0.00 - relnil6-spillnil6 = stonil7;
stonil7 + 403.12 - relnil 7-spillnil7 = stonil§;
stonil8 + 490.80 - relnil8-spillnil8 = stonil9;
stonil9 + 148.87 - relni19-spillni19 = stoni20;

relnil < 186;
relni2 < 180;
relni3 < 186;
relni4 < 186;
relnis < 180;
relni6 < 186;
relni7 < 180;
relni8 < 186;
relni9 < 186;
relnil0 < 168;
relnill < 186;
relnil2 < 180;
relnil3 < 186;
relnil4 < 180;
relnil5 < 186;
relnil6 < 186;
relnil7 < 180;
relnil8 < 186;
relnil9 < 180;
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xmin < relml+relnil;
xmin < relm2+relni2;
xmin < relm3+relni3;
xmin < relm4+relni4;
xmin < relm5+relni5;
xmin < relm6-+relni6;
xmin < relm7+relni7;
xmin < relm&+relnil;
xmin < relm9+relni9;
xmin < relm10+relnil0;
xmin < relm11+relnill;
xmin < relm12+relnil2;
xmin < relm13+relnil3;
xmin < relm14+relnil4;
xmin < relm15+relnil5;
xmin < relm16+relnil6;
xmin < relm17+relnil7;
xmin < relm18+relnil8§;
xmin < relm19+relnil9;

@bin(inth21);
@bin(inth22);
@bin(inth23);
@bin(inth24);
@bin(inth25);
@bin(inth26);
@bin(inth27);
@bin(inth28);
@bin(inth29);
@bin(inth210);
@bin(inth211);
@bin(inth212);
@bin(inth213);
@bin(inth214);
@bin(inth215);
@bin(inth216);
@bin(inth217);
@bin(inth218);
@bin(inth219);

@bin(inth31);
@bin(inth32);
@bin(inth33);
@bin(inth34);
@bin(inth35);
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@bin(inth36);

@bin(inth37);

@bin(inth38);

@bin(inth39);

@bin(inth310);
@bin(inth311);
@bin(inth312);
@bin(inth313);
@bin(inth314);
@bin(inth315);
@bin(inth316);
@bin(inth317);
@bin(inth318);
@bin(inth319);

@bin(inth41);
inth41 =1;
@bin(inth411);
@bin(inth412);
@bin(inth413);

@bin(intm21);
@bin(intm22);
@bin(intm23);
@bin(intm24);
@bin(intm25);
@bin(intm26);
@bin(intm27);
@bin(intm28);
@bin(intm?29);
@bin(intm210);
@bin(intm211);
@bin(intm212);
@bin(intm213);
@bin(intm214);
@bin(intm215);
@bin(intm216);
@bin(intm217);
@bin(intm218);
@bin(intm219);

@bin(intm31);
@bin(intm32);
@bin(intm33);
@bin(intm34);
@bin(intm35);
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@bin(intm36);

@bin(intm37);

@bin(intm38);

@bin(intm39);

@bin(intm310);
@bin(intm311);
@bin(intm312);
@bin(intm313);
@bin(intm314);
@bin(intm315);
@bin(intm316);
@bin(intm317);
@bin(intm318);
@bin(intm319);

@bin(intm41);

@bin(intm411);
@bin(intm412);
@bin(intm413);

Output File

Global optimal solution found at step:

Objective value:
Branch count:

Variable
XMIN
STOH1
STOH2
STOH3
STOH4
STOHS5
STOH6
STOH7
STOHS
STOH9
STOHI10
STOH11
STOH12
STOH13
STOH14
STOH15
STOH16
STOH17

3000
504.0000
56
Value Reduced Cost
504.0000 0.0000000
2196.000 0.0000000
2196.000 0.0000000
2061.780 0.0000000
1749.240 0.0000000
1749.240 0.0000000
990.0000 0.0000000
1534.380 0.0000000
1534.380 0.0000000
1534.380 0.0000000
1282.240 0.0000000
1537.230 0.0000000
2068.000 0.0000000
1760.000 0.0000000
1760.000 0.0000000
1760.000 0.0000000
1760.000 0.0000000
1408.580 0.0000000
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STOH18
STOH19
STOH20
STOHOI11
STOHO12
STOHO13
STOHO14
STOHO15
STOHO16
STOHO17
STOHO18
STOHO19
STOHO110
STOHOI11
STOHO112
STOHO113
STOHO114
STOHOI115
STOHO116
STOHO117
STOHO118
STOHO119
INTH21
INTH22
INTH23
INTH24
INTH25
INTH26
INTH27
INTH28
INTH29
INTH210
INTH211
INTH212
INTH213
INTH214
INTH215
INTH216
INTH217
INTH218
INTH219
STOHO021
STOHO022
STOHO023
STOHO024
STOHO025

1408.580
1408.580
1408.580
1760.000
1540.000
1320.000
1100.000
990.0000
990.0000
880.0000
880.0000
990.0000
1100.000
1320.000
1540.000
1760.000
1540.000
1320.000
1100.000
990.0000
990.0000
880.0000
1.000000
1.000000
1.000000
1.000000
1.000000
0.0000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
374.0000
656.0000
741.7800
649.2400
759.2400

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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STOHO026
STOHO027
STOHO028
STOHO029
STOHO0210
STOHO0211
STOHO0212
STOHO0213
STOHO0214
STOHO0215
STOHO0216
STOHO0217
STOHO0218
STOHO0219
INTH41
INTH411
INTH412
INTH413
STOHO31
STOHO0311
STOHO0312
STOHO0313
INSTRHI
INSTRH2
INSTRH3
INSTRH4
INSTRHS
INSTRH6
INSTRH7
INSTRHS
INSTRH9
INSTRH10
INSTRHI1
INSTRH12
INSTRHI3
INSTRH14
INSTRHIS5
INSTRH16
INSTRH17
INSTRH18
INSTRH19
INTH31
INTH32
INTH33
INTH34
INTH35

0.0000000
654.3800
654.3800
544.3800

182.2400
217.2300
528.0000
0.0000000
220.0000
440.0000
660.0000
418.5800
418.5800
528.5800
1.000000
0.0000000
1.000000
0.0000000
62.00000
0.0000000
0.0000000
0.0000000
15306.31
8899.170
6130.540
6130.540
5932.780
3065.270
5932.780
6130.540
6130.540
5537.260
9195.810
14812.56
9195.810
8899.170
6130.540
6130.540
5932.780
6130.540
5932.780

1.000000

1.000000

1.000000

1.000000

1.000000

0.0000000
0.0000000
0.0000000
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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INTH36
INTH37
INTH38
INTH39
INTH310
INTH311
INTH312
INTH313
INTH314
INTH315
INTH316
INTH317
INTH318
INTH319
INTAKEH1
INTAKEH2
INTAKEH3
INTAKEH4
INTAKEHS
INTAKEH6
INTAKEH7
INTAKEHS
INTAKEH9
INTAKEHI10
INTAKEHI11
INTAKEH]12
INTAKEH13
INTAKEH14
INTAKEH15
INTAKEH16
INTAKEH17
INTAKEH18
INTAKEH]19
PUMPHI
PUMPH2
PUMPH3
PUMPH4
PUMPHS5
PUMPH6
PUMPH?7
PUMPHS8
PUMPH9
PUMPHI10
PUMPHI11
PUMPHI12
PUMPH13

0.0000000

1.000000
1.000000
1.000000
0.0000000
0.0000000
1.000000
0.0000000
1.000000
1.000000
1.000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
766.5701
0.0000000
0.0000000
0.0000000
17059.05
7629.700

0.0000000

10770.08

0.0000000
0.0000000
0.0000000

9280.290
9312.050
4368.040
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
744.0000
0.0000000
0.0000000
0.0000000
672.0000
744.0000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000

0.0000000

0.0000000
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000
0.0000000
0.0000000

141

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000



PUMPH14
PUMPH15
PUMPH16
PUMPH17
PUMPH18
PUMPHI19
RELH1
RELH2
RELH3
RELH4
RELHS
RELH6
RELH7
RELHS
RELH9
RELHI10
RELHI1
RELHI2
RELHI3
RELH14
RELHI5
RELHI6
RELH17
RELHI8
RELHI19
STOM1
STOM2
STOM3
STOM4
STOMS
STOM6
STOM?7
STOMS
STOM9
STOM10
STOM11
STOM12
STOM13
STOM14
STOM15
STOM16
STOM17
STOM18
STOM19
STOM20
STOMO11

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
134.2200
312.5400
0.0000000
759.2400
199.6200
0.0000000
0.0000000
252.1400
417.0100
213.2300
308.0000
0.0000000
0.0000000
0.0000000
351.4200
0.0000000
0.0000000
0.0000000
1205.000
862.4301
723.0000
778.9800
542.0000
1205.000
1205.000
894.9100
526.6200
602.0000
1097.000
1141.900
1169.000
1147.230
956.9600
602.0000
581.7000
542.0000
1049.200
769.7600
973.0000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000

0.0000000

0.0000000
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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STOMO12
STOMO13
STOMO14
STOMO15
STOMO16
STOMO17
STOMO18
STOMO19
STOMO110
STOMOI111
STOMO112
STOMO113
STOMO114
STOMOI115
STOMO116
STOMO117
STOMO118
STOMOI119
INTM21
INTM22
INTM23
INTM24
INTM25
INTM26
INTM27
INTM28
INTM29
INTM210
INTM211
INTM212
INTM213
INTM214
INTM215
INTM216
INTM217
INTM218
INTM219
STOMO021
STOMO022
STOMO023
STOMO024
STOMO025
STOMO026
STOMO027
STOMO028
STOMO029

843.0000
723.0000
602.0000
542.0000
542.0000
482.0000
482.0000
526.6200
602.0000
723.0000
843.0000
973.0000
843.0000
723.0000
602.0000
542.0000
542.0000
482.0000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
0.0000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
0.0000000
1.000000
1.000000
1.000000
196.0000
19.43005
0.0000000
176.9800
0.0000000
663.0000
723.0000
412.9100
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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STOMO0210
STOMO211
STOMO0212
STOMO0213
STOMO0214
STOMO215
STOMO0216
STOMO0217
STOMO0218
STOMO0219
INTM41
INTM411
INTM412
INTM413
STOMO031
STOMO311
STOMO0312
STOMO0313
INSTRMI1
INSTRM2
INSTRM3
INSTRM4
INSTRMS
INSTRM6
INSTRM?7
INSTRMS
INSTRMO
INSTRMI10
INSTRM11
INSTRM12
INSTRM13
INSTRM14
INSTRM15
INSTRM16
INSTRM17
INSTRMI18
INSTRM19
INTM31
INTM32
INTM33
INTM34
INTM35
INTM36
INTM37
INTM38
INTM39

0.0000000
374.0000
290.0000
196.0000
304.2300
233.9600

0.0000000
39.70001

0.0000000
567.2000

1.000000
1.000000
1.000000
1.000000

36.00000

0.0000000
8.900002

0.0000000

32656.12

18651.41

12842.07

12842.07

12427.81

12842.07

12427.81

12842.07

6431.050
11599.29
32015.67
31602.70
32656.12
18651.41
12842.07
6431.050
12427.81
12842.07
12427.81

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000

0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

144



INTM310
INTM311
INTM312
INTM313
INTM314
INTM315
INTM316
INTM317
INTM318
INTM319
INTAKEM1
INTAKEM?2
INTAKEM3
INTAKEM4
INTAKEMS
INTAKEM6
INTAKEM?7
INTAKEMS
INTAKEM9
INTAKEM10
INTAKEMI11
INTAKEM12
INTAKEM13
INTAKEM 14
INTAKEM15
INTAKEM16
INTAKEM17
INTAKEM18
INTAKEM19
PUMPMI1
PUMPM2
PUMPM3
PUMPM4
PUMPMS5
PUMPM6
PUMPM?7
PUMPMS
PUMPM9
PUMPMI0
PUMPMI1
PUMPMI12
PUMPM13
PUMPM14
PUMPMI5
PUMPMI16
PUMPM17

0.0000000
1.000000
1.000000

0.0000000
1.000000
1.000000
1.000000

0.0000000

0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

32043.35
0.0000000
0.0000000

7573.419
0.0000000
0.0000000
0.0000000

24907.97

23185.85

3532.520

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000
280.0000
0.0000000
0.0000000

101.3800
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000

0.0000000
0.0000000

0.0000000

0.0000000
0.0000000
0.0000000

145

0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000



PUMPM18
PUMPMI19
RELMI
RELM2
RELM3
RELM4
RELMS
RELMS6
RELM?7
RELMS
RELMO9
RELM10
RELMI11
RELMI12
RELMI3
RELM14
RELMI5
RELMI16
RELM17
RELMI18
RELMI19
STONII
STONI2
STONI3
STONI4
STONIS
STONI6
STONI7
STONIS
STONI9
STONI10
STONI11
STONI12
STONI13
STONI14
STONI15
STONI16
STONI17
STONI18
STONI19
STONI20
RELNI1
SPILLNI1
RELNI2
SPILLNI2
RELNI3

0.0000000
0.0000000

372.0000
338.6501
372.0000
372.0000
360.0000
318.0000
324.0000
368.2900
318.0000
336.0000
318.0000
324.0000
372.0000
360.0000
372.0000
372.0000
360.0000
372.0000
355.1300
750.0000
475.2499
451.2600
452.4800
425.5200
331.1300
230.7500
100.9900
26.48000
0.0000000
0.0000000
0.0000000
0.0000000
299.7500
228.8500
132.0000
0.0000000
0.0000000
0.0000000
0.0000000
132.0000
381.1701
165.3499
0.0000000
132.0000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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SPILLNI3
RELNI4
SPILLNI4
RELNI5
SPILLNIS
RELNI6
SPILLNI6
RELNI7
SPILLNI7
RELNI8
SPILLNI8
RELNI9
SPILLNI9
RELNI10
SPILLNI10
RELNI11
SPILLNII1
RELNII12
SPILLNI12
RELNI13
SPILLNII3
RELNI14
SPILLNI14
RELNI15
SPILLNIIS
RELNI16
SPILLNI16
RELNI17
SPILLNI17
RELNI18
SPILLNII18
RELNI19
SPILLNI19

0.0000000
132.0000
0.0000000
144.0000
0.0000000
186.0000
0.0000000
180.0000
0.0000000
135.7100
0.0000000
186.0000
0.0000000
168.0000
656.5800
186.0000
287.8900
180.0000
231.2600
132.0000
0.1799927
144.0000
0.0000000
132.0000
0.0000000
132.0000
0.0000000
144.0000
259.1200
132.0000
358.8000
148.8700
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
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Appendix F Murray River (Australia) Streamflows

Mean monthly streamflow data for Murray River at Tocumwal is obtained from Commonwealth Beurau of Meterology
(http://www.bom.gov.au). These are tabulated below:

MURRAY RIVER @ TOCUMWAL (Site Code: 409202 Site Name: MURRAY RIVER @ TOCUMWAL )

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1933 | 4636.18 | 3702.58 | 4416.33 | 4968.62 | 3592.81 | 738223 | 7433.77 | 17140.74 | 35240.50 | 37065.16 | 14431.03 | 15667.45
1934 | 14703.45 | 7813.32 | 8798.07 | 5299.10 | 6610.32 | 4449.55| 16000.03 | 18698.26 | 19171.13 | 34598.03 | 63078.00 | 41676.29
1935 | 14333.45 | 8238.04 | 8843.71 | 11747.33 | 16036.94 | 16708.11 | 23175.39 | 40824.00 | 38603.40 | 32422.84 | 23526.13 | 11952.93
1936 | 9742.35| 8654.88 | 8683.79 | 8821.64 | 8486.80 | 6577.67 | 15987.68 | 38542.48 | 53074.17 | 23484.30 | 16963.97 | 14387.68
1937 | 10649.48 | 9140.91 | 8785.79 | 8440.78 | 8413.45| 9796.56 | 10214.80 | 8674.90 | 10095.00 | 7988.68 | 6541.88 | 8209.12
1938 | 7720.10 | 877217 | 999113 | 7671.29 | 6597.81 | 5702.93 | 6594.07 | 572558 | 6241.13 | 5420.89 | 4309.27 | 6315.68
1939 | 5766.71 | 5880.64 | 13528.39 | 15935.30 | 9135.06 | 11877.17 | 40091.84 | 54524.81 | 72304.70 | 49801.77 | 52730.03 | 18752.87
1940 | 8756.26 | 10635.33 | 9666.84 | 6888.13 | 6317.81 | 4668.87 | 3921.39 | 6926.30 | 7473.79 | 6813.78 | 8271.15| 7290.60
1941 | 7023.93 | 6230.86 | 7425.46 | 6426.50 | 6078.80 | 3424.60 | 4158.29 | 4723.27 | 3362.15 | 11641.00 | 9820.07 | 6489.24
1942 | 6648.92 | 6888.36 | 5862.04 | 6137.82 | 7429.74 | 11318.40 | 38558.42 | 31818.42 | 54693.54 | 39220.20 | 23487.52 | 11831.73
1943 | 8795.00 | 7637.95| 6716.68 | 7720.33 | 7314.65| 5502.45| 5900.83 | 10641.25 | 21896.73 | 33337.84 | 19687.40 | 9009.68
1944 | 8510.54 | 8071.00 | 8836.25 | 8123.91 | 4047.80 | 3904.92 | 3470.76 | 307552 | 6656.28 | 4893.60 | 6615.13 | 5983.83
1945 | 7794.89 | 8573.81 | 6954.88 | 3119.00 | 1283.00 | 2051.53 | 2579.54 |  7444.00 | 8662.60 | 5437.16 | 9372.44 | 7595.55
1946 | 7634.29 | 9369.27 | 8078.42 | 7341.29 | 6934.81 | 3974.17 | 20934.65 | 65737.94 | 29096.00 | 22955.84 | 21074.00 | 10481.21
1947 | 8440.45] 8399.19 | 7175.71 | 7032.04 | 3214.84 | 3558.57 | 18243.86 | 33988.94 | 44259.70 | 47551.97 | 39015.27 | 18419.97
1948 | 12203.77 | 9477.88 | 7582.13 | 7537.60 | 4501.29 | 5024.40 | 7877.65 | 11444.39 | 16662.07 | 19701.39 | 36553.43 | 12981.77
1949 | 8386.06 | 7644.50 | 9054.77 | 7642.16 | 8019.75| 3983.58 | 3894.20 | 5839.68 | 9430.35 | 23513.29 | 45455.23 | 17559.19
1950 | 8382.55 | 9208.75 | 7481.39 | 9383.96 | 4007.26 | 3066.53 | 6442.07 | 15103.48 | 18104.70 | 27984.03 | 33564.60 | 10310.77
1951 | 7036.68 | 6772.16 | 5833.23 | 7516.63 | 5126.03 | 12078.43 | 35735.81 | 58567.33 | 35741.70 | 33643.25 | 25477.77 | 9304.81
1952 | 7155.79 | 7353.86 | 7272.35 | 7403.71 | 5679.17 | 49696.47 | 65052.55 | 40167.64 | 58785.57 | 49086.97 | 53781.47 | 39204.48
1953 | 13990.55 | 10117.09 | 7752.07 | 7236.19 | 7126.29 | 3592.26 | 6290.93 | 42622.65 | 40067.60 | 61971.00 | 44870.33 | 12099.94
1954 | 8022.03 | 9938.00 | 6551.67 | 7679.30 | 4358.84 | 3864.57 | 3615.26 | 7268.55 | 19275.13 | 6595.52 | 24288.67 | 23462.84
1955 | 5151.42 | 8369.11 | 11023.52 | 9383.77 | 8296.97 | 10548.56 | 27646.87 | 72383.45 | 82007.50 | 74139.00 | 57164.73 | 26216.26
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1956 | 23885.68 | 12874.17 | 14853.10 | 35874.37 | 54163.16 | 83886.50 | 116597.52 80983.26 | 65817.03 | 69372.29 | 49261.00 | 21990.35
1957 | 11025.03 | 6901.86 | 6165.88 | 6327.17 | 3770.14 | 5621.90 8042.29 5093.29 | 6101.30 | 6896.55 | 7045.33 7708.81
1958 7301.84 | 6469.11 | 6454.29 | 6143.17 | 4680.74 | 9143.47 6946.13 53115.74 | 36119.50 | 62601.68 | 35616.90 | 11367.29
1959 7697.19 | 9373.89 | 8045.61 | 8109.23 | 5194.00 | 3627.10 2549.94 5303.52 | 7033.77 | 11298.87 | 13017.20 6130.97
1960 6230.94 | 6665.66 | 6437.26 | 7302.70 | 11994.52 | 11635.20 16583.45 57430.19 | 37871.23 | 51888.58 | 20436.23 | 13049.58
1961 7232.06 | 8421.29 | 8837.74 | 8041.70 | 7157.81 | 3322.80 4156.81 7456.52 | 6815.33 | 7012.90 | 8271.23 5931.61
1962 5972.08 | 5810.00 | 4134.97 | 2653.33 | 3000.97 | 13738.77 6703.97 11964.32 | 7132.87 | 5916.23 | 7209.70 5979.90
1963 5887.97 | 5601.68 | 7295.06 | 4834.43 | 4659.77 | 7346.50 7272.65 11310.84 | 13505.30 | 9974.81 6916.10 5069.13
1964 597210 | 6936.07 | 8719.29 | 6972.33 | 3284.26 | 4675.77 | 32935.03 47507.90 | 34065.33 | 66582.61 | 26557.17 8693.71
1965 5866.48 | 6094.43 | 8698.23 | 6179.77 | 3438.29 | 5002.53 1951.61 6448.90 | 12884.27 | 5106.81 2841.87 3793.71
1966 6452.61 | 8360.61 | 12070.97 | 6337.47 | 2398.32 | 3336.04 4474.52 11501.10 | 16322.87 | 16874.84 | 20726.87 | 27769.74
1967 8862.48 | 8703.25 | 9896.68 | 6615.07 | 2410.81 | 2519.47 2389.97 6381.68 | 5944.03 | 6148.87 | 6826.37 6090.77
1968 4921.61 | 3023.83 | 4756.00 | 2363.30 | 5474.55 | 21468.87 6772.68 17839.61 | 10068.27 | 16204.94 | 20855.63 8324.23
1969 9650.00 | 12073.86 | 11672.55 | 7679.23 | 5899.35 | 8035.57 12429.97 27741.81 | 32187.40 | 12810.71 | 12746.40 9924.16
1970 | 11162.23 | 11573.04 | 12932.84 | 10419.10 | 9427.94 | 7697.63 14531.45 23037.61 | 77529.80 | 46696.32 | 24167.30 | 10619.17
1971 9741.26 | 10907.18 | 9436.48 | 8645.43 | 8306.26 | 9332.93 6290.10 9491.06 | 30906.90 | 40097.84 | 38262.23 | 12496.68
1972 9549.00 | 11266.41 | 9482.81 | 8426.63 | 5922.52 | 4181.03 6841.59 8366.42 | 7876.81 | 10644.68 | 10157.53 9330.29
1973 | 10268.58 | 8616.61 | 8567.87 | 8346.23 | 20329.74 | 15519.40 | 34090.87 53369.87 | 85571.83 | 49609.77 | 37025.43 | 11702.58
1974 | 28033.32 | 11124.14 | 10177.16 | 10643.80 | 50834.71 | 37887.20 | 53269.65 81238.22 | 81911.75 | 89275.90 | 53870.63 | 13568.54
1975 9755.38 | 10590.60 | 11452.63 | 10785.58 | 9770.24 | 8410.74 17488.61 50062.74 | 70733.79 | 87687.48 | 65224.35 | 19933.83
1976 | 13889.63 | 10188.42 | 9603.71 | 9526.68 | 7276.22 | 3361.90 5081.24 6913.61 | 6209.67 | 13931.80 | 9185.84 6772.98
1977 7641.69 | 872213 | 7496.36 | 7497.32 | 3398.01 | 4411.64 6234.65 6251.71 | 8730.17 | 6120.04 | 5401.73 7225.32
1978 8051.51 | 697440 | 9165.92 | 5083.77 | 543417 | 6424.13 10907.25 21756.58 | 13738.77 | 27396.05 | 15421.74 | 10241.24
1979 8427.27 | 8238.25 | 7927.87 | 8365.06 | 4439.98 | 7897.86 3521.76 8738.59 | 16672.79 | 33726.91 8604.04 6689.05
1980 8176.23 | 8602.75 | 9405.94 | 9873.67 | 3365.27 | 2242.74 5219.36 12770.93 | 8490.19 | 8448.42 | 9463.23 | 10917.58
1981 | 10702.15 | 12834.52 | 11264.08 | 9531.71 | 5303.99 | 6078.62 | 42342.19 75433.93 | 49884.09 | 25788.36 | 10214.05 9154.90
1982 | 11684.56 | 10461.59 | 11328.35 | 8546.55 | 5318.41 | 3556.57 5751.80 10082.47 | 7642.01 | 7842.86 | 8291.84 | 10039.07
1983 8434.92 | 8833.17 | 8236.44 | 5862.17 | 4200.58 | 7035.56 10127.46 19240.79 | 32614.81 | 17543.21 9446.58 | 10023.71
1984 9952.84 | 6650.42 | 972247 | 7373.76 | 6569.61 | 3827.24 5236.84 14486.27 | 36328.22 | 35163.93 | 7363.17 9463.50
1985 | 10237.52 | 10737.60 | 11177.17 | 8321.40 | 3734.36 | 4788.29 4296.58 14735.76 | 14550.45 | 9004.48 | 8764.62 7677.48
1986 | 10561.64 | 11081.49 | 11249.74 | 7688.13 | 3839.05 | 3302.67 | 26838.97 22032.10 | 14279.69 | 27314.11 | 31366.80 | 11191.25
1987 | 10337.67 | 10556.70 | 10967.03 | 8446.28 | 5520.03 | 7293.70 14908.48 13470.93 | 7790.45 | 10903.52 | 10054.38 | 10712.56
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1988 | 10355.17 | 9273.73 | 10504.88 | 9247.31 | 4869.02 | 11789.99 13949.85 13273.84 | 10267.41 | 7200.44 | 9061.24 | 10841.46
1989 8355.06 | 10658.48 | 12522.39 | 10399.30 | 12963.07 | 20825.72 17328.85 32266.16 | 42317.83 | 11164.91 | 19421.90 9686.70
1990 | 10904.46 | 11182.67 | 10850.14 | 10043.11 | 7263.70 | 4675.91 40782.05 66007.77 | 58461.16 | 29875.22 | 19837.84 9039.90
1991 | 11088.26 | 10501.53 | 10665.80 | 8348.20 | 3495.22 | 3393.51 8612.82 14468.34 | 43675.36 | 27375.70 | 8956.71 | 10751.71
1992 | 11120.76 | 10825.78 | 10840.74 | 8682.03 | 5771.79 | 5635.78 7552.20 13792.10 | 37399.85 | 82979.59 | 42370.93 | 35650.84
1993 | 14045.43 | 11056.36 | 10726.21 | 11306.10 | 10062.97 | 9657.67 | 24777.71 41589.83 | 54441.56 | 70689.81 | 30457.92 | 12789.74
1994 | 12647.25 | 13260.70 | 13657.14 | 10098.14 | 5271.93 | 5316.57 9098.32 10360.60 | 11611.17 | 12517.85 | 13580.80 | 10892.80
1995 | 12720.43 | 11383.74 | 10821.33 | 9531.04 | 6072.77 | 17540.71 30665.57 31048.37 | 7755.23 | 10671.57 | 17864.49 | 10677.73
1996 | 10716.96 | 10332.63 | 10421.65 | 7625.95 | 3641.42 | 4447.37 17030.03 48084.84 | 33755.25 | 88528.36 | 29867.81 9673.39
1997 9236.93 | 8751.40 | 10955.67 | 8919.15 | 5414.17 | 3280.39 3594.83 8690.11 | 8782.95 | 8972.73 | 9705.88 9772.68
1998 9759.65 | 9235.85 | 10086.37 | 7905.90 | 2746.89 | 2608.66 4803.78 8288.11 | 15106.98 | 19248.03 | 11772.40 | 10056.26
1999 | 10546.48 | 9689.79 | 11021.04 | 7415.13 | 4034.69 | 6913.79 5242.25 9573.06 | 11595.73 | 7224.87 | 6754.76 8733.62
2000 9845.34 | 8901.13 | 8984.47 | 7498.39 | 4050.64 | 6337.75 11973.39 15220.13 | 39925.13 | 32415.32 | 43048.69 | 15498.18
2001 | 11458.72 | 9095.68 | 9682.56 | 7344.64 | 2991.81 | 3468.13 3830.96
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Appendix G Rio Zana (Peru) Streamflows

Mean monthly streamflow data for Rio Zana at Peru is obtained from Center for study of Hydroclimatology in the Pacific Rim
(http://www.seas.ucla.edu/chpr/peru/peru.htm). These are tabulated below:

PERU RIVER (Zana River at El Batan) data from 1914 to 1992 ( 79 yrs) latitude 6.08 longitude 79.30 Elevation 250 m
YEAR JAN FEB MAR APR | MAY JUN | JUL AUG SEP OCT NOV DEC
1933 7.58 13.04 18.36 | 27.25 |12.00 | 7.30 | 4.70 3.34 | 3.93 4.53 3.01 2.83
1934 6.03 7.20 17.20 13.76 | 10.54 | 7.03 | 4.48 3.05 |245 3.46 2.71 2.10
1935 2.77 2.65 11.41 1196 | 755 |4.38 |3.21 2.31 1.82 3.64 7.02 8.08
1936 11.74 8.18 7.80 14.05 | 14.46 | 7.02 | 4.09 2.86 |2.93 4.91 4.96 2.62
1937 3.53 3.43 7.19 9.04 5.09 |4.10 | 2.74 1.57 | 2.69 5.47 3.70 4.80
1938 3.41 10.91 22.80 |24.08 | 13.01 | 8.12 |4.89 343 | 273 2.78 2.21 2.20
1939 5.84 5.76 8.42 19.63 | 16.18 | 10.75 | 8.11 473 16.13 5.33 2.99 5.96
1940 6.68 9.76 11.68 16.98 | 11.78 | 9.82 | 4.84 3.14 | 3.84 7.41 4.00 3.46
1941 6.18 10.70 13.97 17.01 | 18.07 | 6.60 | 3.78 285 |2.68 2.15 2.22 4.03
1942 4.70 8.79 5.94 6.15 10.76 | 4.54 | 2.75 2.23 1.85 2.26 2.25 2.24
1943 2.57 2143 17.75 14.02 | 10.18 | 6.90 | 4.07 3.06 |215 3.93 2.55 2.98
1944 4.09 14.86 13.74 | 9.62 8.74 |6.16 | 3.83 270 | 240 2.80 1.58 2.98
1945 6.12 10.67 10.47 1219 1 6.79 [3.00 |2.35 2.09 1.87 1.55 2.19 2.70
1946 5.41 13.40 9.33 11.77 | 12.36 | 4.68 | 2.71 2.16 1.79 3.36 4.59 3.12
1947 3.47 5.54 4.75 12.01 | 11.70 | 7.96 |5.11 469 | 717 5.77 7.34 5.82
1948 9.80 6.68 7.80 8.62 8.86 |5.21 |3.03 1.96 1.93 5.00 6.57 3.92
1949 2.50 6.13 19.45 17.30 | 10.55 | 5.68 | 4.78 3.03 | 2.56 2.60 4.45 2.18
1950 2.06 6.76 7.02 7.68 5.05 [347 | 271 1.80 1.66 2.85 3.20 3.80
1951 4.27 3.91 6.11 7.96 756 |3.85 |244 1.40 1.34 2.34 4.04 4.71
1952 10.83 7.05 10.51 16.80 |8.72 |4.70 |3.12 1.94 1.44 1.96 1.60 2.84
1953 11.23 28.30 33.22 |39.05 | 14.39 | 6.74 | 3.56 215 |2.65 3.08 3.58 4.05
1954 4.21 5.45 12.01 6.91 6.68 |4.16 | 2.70 1.81 1.47 3.25 6.30 2.70
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1955 8.48 9.41 12.56 1043 | 8.73 |6.52 |4.08 225 |4.16 3.25 3.68 2.48
1956 4.45 13.95 15.49 16.48 | 9.09 |6.23 | 3.51 227 | 2.63 6.47 2.62 1.79
1957 2.85 6.55 15.17 20.78 110.30 | 6.94 | 3.68 228 |2.65 2.36 4.42 3.18
1958 8.48 6.79 18.02 9.96 8.74 [6.12 |2.80 2.28 1.88 2.58 1.89 1.60
1959 1.74 4.21 11.00 15.19 | 10.60 | 4.87 | 2.59 1.79 1.79 2.58 3.35 4.01
1960 3.94 6.41 7.64 7.10 10.71 | 5.35 | 2.93 225 |3.14 2.07 217 2.35
1961 4.75 4.37 5.98 8.23 8.48 |546 |295 1.58 1.67 1.68 1.84 2.90
1962 4.18 16.16 7.64 14.46 | 19.31 | 5.35 | 3.01 214 | 3.14 2.05 217 2.35
1963 1.77 1.31 5.69 5.94 440 | 223 |1.48 1.36 1.06 1.29 1.92 3.09
1964 5.03 9.59 9.99 17.05 | 7.38 |4.90 |2.83 2.84 |3.59 4.50 6.23 3.57
1965 4.36 4.54 15.03 1590 | 7.47 |4.58 |3.21 2.80 | 3.02 4.14 6.12 3.56
1966 7.76 5.34 7.42 9.67 834 [4.15 |2.89 247 | 2.54 5.71 4.40 3.03
1967 12.20 19.47 12.82 1176 | 823 |5.00 |4.54 3.05 |3.08 4.68 3.47 213
1968 2.15 2.14 3.69 3.43 1.70 139 |1.85 1.65 | 3.02 5.23 3.25 1.96
1969 2.55 5.08 11.37 1421 |6.31 |5.80 |273 2.41 2.13 1.75 3.05 5.57
1970 8.89 3.72 5.25 9.74 14.87 | 7.28 | 4.36 3.00 |3.89 5.27 4.98 7.77
1971 5.21 6.47 33.33 32.74 | 14.71 | 8.03 |5.78 7.33 | 7.57 10.42 9.95 7.16
1972 11.31 5.92 48.13 1592 | 820 |596 |3.80 275 1249 3.25 2.28 4.35
1973 7.57 10.00 21.75 33.93 | 31.07 | 15.51 | 7.30 514 | 5.66 6.44 5.47 3.56
1974 5.23 6.51 6.12 5.27 3.93 | 515 |4.55 294 |4.05 4.17 2.74 2.97
1975 8.68 8.10 29.73 2852 | 11.38 541 |8.12 4.62 | 9.02 15.31 8.35 5.00
1976 12.92 12.40 10.13 11.12 | 10.55 | 8.49 | 3.40 7.88 | 2.67 1.83 1.84 1.93
1977 4.13 2240 15.92 12.85 | 836 | 595 |3.84 2.23 1.88 2.01 2.24 3.95
1978 2.53 342 8.07 8.95 7.88 |4.26 | 2.56 1.92 1210 2.18 3.51 2.81
1979 4.06 3.05 15.87 8.28 6.57 |4.75 |3.23 2.05 | 2.31 1.88 1.34 1.07
1980 1.25 1.46 3.91 3.54 240 [ 211 | 142 1.21 0.81 2.96 4.15 4.84
1981 217 14.10 14.23 1.85 9.65 |3.62 | 255 1.71 1.73 2.80 4.01 3.16
1982 2.25 3.56 2.51 7.67 727 464 225 1.78 1.60 4.54 5.10 8.48
1983 25.05 17.43 64.20 | 43.59 | 3719|246 |4.84 3.71 3.92 3.95 2.72 5.10
1984 4.55 17.57 30.84 11.52 | 10.86 | 8.49 | 8.21 3.85 |4.28 7.38 4.81 4.11
1985 3.54 4.68 7.36 4.93 3.94 [3.00 |221 2.00 | 3.00 3.08 1.46 1.47
1986 4.26 4.37 5.43 18.80 | 15.34 | 5.68 | 2.82 238 240 2.27 4.84 4.64

152




1987 10.47 17.87 12.70 9.00 5.57 297 |2.04 2.09 1.99 2.51 2.75 1.62
1988 2.49 7.72 4.31 6.83 7.21 |353 |237 2.16 1.99 3.91 4.73 2.68
1989 5.03 19.64 14.20 14.06 | 584 |4.21 |3.23 1.98 | 2.72 5.48 3.57 1.84
1990 1.46 3.07 4.89 4.85 522 390 |224 1.03 | 0.82 2.04 2.54 3.64
1991 1.38 2.80 9.45 8.11 9.36 | 3.16 | 1.58 1.05 |0.70 1.25 1.47 2.44
1992 4.87 3.42 9.44 15.62 | 8.19 | 537 |232 1.10 1.22 1.91 1.75 1.69
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Appendix H River Jamari (Brazil) Streamflows

Mean monthly streamflow data for River Jamari at Brazil is obtained from Center for Sustainibility and Global Environment

(http://www.sage.wisc.edu:16080/download/LBA/macrohydro/). These are tabulated below:

Station 72 - River Jamari at Ariqguemes (drainage area 7295 sqg. kms)

YEAR JAN FEB MAR | APR |MAY | JUN| JUL |AUG | SEP OCT NOV DEC
1970 10.3 | 5.9 5.6 8.9 49.8
1971 167.8 |236.8 |324.8 |3359 | 1957|816 |346 121 | 4.1 6.6 35.7 71.4
1972 1385 |380.1 |289.3 |255.0 |141.6|66.9 |27.2 102 |56 7.1 44.4 74.4
1973 1448 | 4756 [314.1 |363.1 [237.1]109.8]51.8 262 |78 14.4 106.1 214.4
1974 3450 |5321 |588.4 |454.2 |231.3]|119.2 465 16.2 | 8.6 14.1 35.5 121.8
1975 3784 |507.0 |5105 |434.4 |216.6|91.4 |434 148 | 6.8 11.2 14.5 87.7
1976 328.8 |431.6 |492.8 |367.6 |251.3|105.9 | 40.0 116 |55 9.7 24.4 113.1
1977 2543 | 2825 |4781 |316.6 | 199.7 | 151.2 | 64.8 214 [123 43.8 119.5 174.1
1978 3385 |2858 |365.1 |336.8 |238.0 | 155.8 | 55.5 181 | 10.6 17.4 46.1 461.9
1979 4724 | 6632 [699.2 |451.9 | 2305 | 117.5 | 49.8 219 |16.3 15.5 36.2 53.1
1980 179.6 | 261.6 |372.1 |302.4 |172.8|747 |314 15.0 |8.3 7.8 12.5 58.7
1981 1433 | 2671 |308.1 |309.3 | 186.4 | 73.5 | 265 92 |62 8.0 42.8 122.2
1982 409.7 |501.1 |5635 |4053 |2735]|113.2|52.6 266 | 216 29.8 49.9 71.6
1983 1821 | 3177 |570.3 |5552 [187.2] 942 | 444 175 | 11.6 10.4 27.6 94.9
1984 330.0 |327.0 |3260 |419.1 |360.3|164.8 | 61.7 221 |16.3 15.4 42.1 74.5
1985 199.8 [ 2101 [2954 |3775 [2445][90.0 |36.7 124 |93 20.7 46.0 125.8
1986 4330 |3324 [5343 |4321 |228.4]138.8 604 29.7 [ 314 51.3 49.0 73.6
1987 382.0 [317.8 [385.0 |528.6 |189.2]92.3 |465 202 [ 102 9.7 53.4 98.7
1988 1928 | 4673 |526.9 |368.3 |173.7]80.8 |322 143 |78 16.4 28.3 70.8
1989 308.6 | 6182 |443.0 |4304 [259.3]106.2|53.7 280 | 18.4 17.2 35.5 155.9
1990 355.7 | 6243 |4476 [269.2 [152.1]255 |3.7 08 |07 15 15.6 82.9
1991 360.8 |439.0 |489.4 |358.5 |169.5]|553 |10.3 12 |08 3.5 14.8 345
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1992 157.9 382.0 575.9 3776 | 191.286.1 | 37.0 13.8 | 28.1 26.1 39.1 93.3
1993 176.9 351.6 362.1 368.1 | 265.3 | 98.3 | 37.9 17.3 15.5 15.2 37.6 163.1
1994 362.5 712.5 476.2 359.1 | 187.6 | 108.2 | 55.1 243 18.0 253 35.2 102.9
1995 230.7 483.4 430.9 296.1 | 1813|817 | 364 14.6 12.0 12.5 45.3 99.7
1996 175.2 360.8 537.9 393.2 | 201.7 | 103.1 | 44.6 20.3 14.8 35.9 128.2 143.3
1997 208.8 328.7 519.2 443.4 | 256.0 | 122.1
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Appendix I Chennai (India) Precipitation

Monthly precipitation data for Chennai (India) is obtained from Data Support Section (DSS) at University Corporation for
Atmospheric Research (UCAR) (http://dss.ucar.edu/datasets/ds570.0/data/). These are tabulated below:

432790 MADRAS/MINAMBAKKAM precipitation in tenths of mm

YEAR | JAN FEB MAR | APR |MAY | JUN | JuL |AUG | SEP OCT | NOV DEC
1933 |0 0 869 8 18 | 191 274 762 | 305 2507 | 1463 3810
1934 | 521 0 0 188 |0 447 526 1821 | 508 4272 | 472 556
1935 | 145 0 0 0 0 312 561 2304 | 757 3945 | 1626 597
1936 | 25 643 229 117 |5 716 1237 | 1521 | 490 2073 | 3691 493
1937 |18 0 0 663 |0 445 940 1775 [ 1016 | 2642 | 6251 1842
1938 |0 137 368 0 30 | 470 498 1077 | 1476 | 2007 |64 594
1939 | 165 0 74 1328 |0 267 353 218 | 1326 | 1283 | 3302 224
1940 | 36 0 30 122 | 1349 | 244 1044 | 1029 | 724 1570 | 5710 1402
1941 | 188 3 0 41 0 975 257 536 | 1951 2082 | 5773 2885
1942 |0 13 0 14 |0 721 445 1427 | 414 1303 | 1633 2875
1943 | 691 3 0 191 | 3703 | 399 909 1163 | 859 8918 | 3419 1095
1944 | 137 498 2626 | 13 0 1024 | 1212 | 1600 | 1209 | 2807 | 5730 2949
1945 | 25 0 5 1323 | 0 203 795 1397 | 1778 | 1125 | 4031 165
1946 | 236 0 147 15 356 | 775 569 1394 | 1892 | 2489 [ 5992 6993
1947  [1356 |0 30 262 |5 91 1204 | 742 |1354 [2934 [714 145
1948 | 549 8 0 112 | 81 180 851 886 | 1052 | 2339 | 2169 432
1949 |0 0 0 231 | 2019 | 1013 | 759 1323 | 1712 | 876 1760 10
1950 | 104 119 97 0 584 | 538 884 2108 | 1768 | 1488 | 1453 130
1951 | 30 0 10 910 | 100 | 360 860 1330 | 800 700 2650 30
1952 | 60 150 0 0 3890 | 360 240 1200 | 210 1230 | 540 2850
1953 | 310 50 0 70 0 140 550 610 | 1450 | 4760 | 1320 370
1954 | 680 0 40 0 0 210 2660 | 690 | 890 3660 | 290 2640
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1955 1180 0 0 490 1570 | 580 730 2310 | 1070 2060 2030 1300
1956 330 0 0 390 70 1300 990 2040 | 1990 1560 2300 1690
1957 0 10 0 0 130 620 1590 1970 | 1090 1870 4570 30
1958 90 0 10 200 570 390 440 1480 | 280 4300 4690 660
1959 0 240 0 90 320 750 1230 410 960 3110 3450 370
1960 240 0 0 0 100 950 630 680 2790 2090 8080 1160
1961 300 300 0 30 50 1100 1970 1870 | 2200 2680 1230 100
1962 0 30 0 360 1210 | 1460 940 2380 | 1300 4620 860 510
1963 1270 0 220 670 20 440 410 1400 | 1190 2840 4650 1180
1964 0 0 0 0 10 200 900 1520 | 1320 640 7290 170
1965 280 110 0 440 0 540 1370 1320 | 730 1190 3790 3000
1966 240 0 0 0 900 790 1450 1830 | 1800 3030 5350 1070
1967 30 0 290 10 510 650 1450 3950 | 1180 1790 1470 2730
1968 10 0 0 220 290 | 260 400 350 790 1170 1810 1780
1969 10 0 0 0 880 610 1540 960 210 5410 3900 1490
1970 30 140 20 40 80 460 1870 2040 | 930 690 5590 150
1971 320 10 210 170 430 360 2180 630 980 4970 1940 1270
1972 130 0 0 0 700 760 730 900 890 4370 2560 4220
1973 10 0 0 0 10 640 980 3880 | 810 2750 1010 1820
1974 60 0 30 0 210 650 1350 1120 | 1810 2120 1290 100
1975 10 0 0 0 60 660 1960 1850 | 2450 4220 4770 40
1976 50 0 0 0 10 1170 1860 2950 | 530 3340 7640 430
1977 20 50 0 110 100 910 500 2270 | 1710 7550 4600 170
1978 520 0 0 390 200 | 440 1880 1060 | 1470 1570 2380 7200
1979 0 20 130 70 1040 | 430 950 250 1550 1640 6350 960
1980 0 0 0 0 110 | 470 1300 1550 | 250 1670 6150 2320
1981 1080 0 20 0 680 550 2100 1690 | 1700 3130 750 1410
1982 20 0 0 10 10 920 1470 1390 | 420 1830 2500 240
1983 0 0 0 0 400 710 930 1940 | 2490 4020 1200 4010
1984 390 2840 20 10 0 790 1820 390 2960 1250 4670 1170
1985 1260 0 0 260 10 680 2010 1080 | 3430 1330 10710 1370
1986 1700 500 0 0 10 200 190 510 870 4750 1670 930
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1987 40 0 180 100 10 890 510 1200 | 260 3030 2590 3530
1988 0 0 0 450 350 70 1260 3170 | 1650 200000 | 5280 1010
1989 150 0 310 0 30 200000 | 1410 540 2490 1300 5230 1500
1990 200 50 230 0 3400 | 140 760 920 2280 4630 2670 430
1991 170 10 0 0 0 2170 890 1120 | 1220 2270 5260 20
1992 450 200000 | O 0 190 100 860 1140 | 560 1350 4690 1460
1993 0 0 0 0 950 710 960 2260 | 600 3020 4530 2860
1994 10 270 0 10 570 490 740 1570 | 510 4100 4870 200000
1995 1150 200000 | 120 50 2520 | 200000 | 1430 3770 | 2350 2070 2160 190
1996 20 200000 | O 290 220 5120 730 620 2240 3380 3550 4350
1997 210 0 200000 | 210 20 900 300 830 760 2350 8130 3930
1998 0 200000 | 200000 | 80 330 | 250 940 1130 | 590 1020 4290 2720
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Appendix J NOAA SOI

SOI Data was obtained from CPC, NOAA website (http://www.cpc.ncep.noaa.gov/data/indices/). This was verified by the calculations
using the procedure described in chapter 6. Given below is the dataset obtained from the NOAA.

Southern Oscillation Index (SOI)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1933 -1.59 0.39 -0.37 0.27 0.49 -0.43 0.22 -0.24 | 0.30 0.22 0.51 0.85

1934 0.71 0.01 -0.10 0.43 -0.54 0.83 0.20 -2.43 | -0.72 0.27 1.05 -0.40
1935 0.75 -0.69 1.28 0.27 -0.38 -0.23 0.01 0.09 |0.58 0.67 0.17 -0.63
1936 -0.30 -0.13 -0.01 0.45 0.38 -0.30 0.33 -1.01 | 0.16 -0.07 -1.44 -0.10
1937 1.06 -0.81 0.57 0.06 -0.06 0.14 -0.54 0.12 | 0.07 -0.45 -0.52 0.60

1938 0.81 0.39 -0.51 0.31 1.01 1.33 1.79 0.99 |0.88 1.30 -0.02 1.58

1939 2.09 0.80 1.11 0.71 -0.09 -0.18 0.80 -0.32 | -1.06 -1.71 -1.00 -1.23
1940 -0.08 -0.80 -1.32 -0.65 -1.15 -1.66 -1.60 -1.89 | -2.00 -1.88 -0.85 -2.56
1941 -1.35 -2.15 -1.39 -0.85 -0.55 -1.22 -2.01 -2.00 | -0.89 -2.22 -1.06 -1.18
1942 -1.77 -0.68 -0.81 -0.41 0.36 0.51 -0.16 0.22 |0.85 0.72 -0.58 1.58

1943 1.18 1.20 0.31 1.02 0.21 -0.73 0.20 0.61 0.53 0.80 0.20 -1.23
1944 -1.18 0.38 0.51 -0.41 -0.07 -0.41 -0.90 0.22 |0.26 -1.01 -0.81 0.33

1945 0.60 0.69 1.34 -0.54 -0.02 0.51 0.30 1.01 0.89 0.15 -0.47 0.69

1946 -0.44 0.39 -0.35 -0.73 -0.92 -0.86 -1.04 -0.56 | -1.74 -1.38 -0.28 -0.86
1947 -0.71 -0.74 1.20 -0.37 -1.08 0.09 0.88 0.53 |1.20 -0.33 0.71 0.48

1948 -0.46 -0.54 -0.66 0.18 0.28 -0.49 0.00 -0.61 | -0.85 0.50 0.23 -0.84
1949 -1.05 0.07 0.45 0.10 -0.49 -1.04 -0.23 -0.56 | 0.17 0.41 -0.74 0.73

1950 0.52 2.09 1.89 1.16 0.56 1.95 2.00 1.06 | 0.69 1.63 0.96 2.64

1951 1.65 0.63 -0.81 -0.64 -1.03 -0.30 -1.39 -0.70 | -1.29 -1.40 -0.98 -0.98
1952 -1.20 -1.10 0.02 -0.54 0.58 0.47 0.42 -0.40 | -0.27 0.16 -0.15 -1.59
1953 0.23 -0.96 -0.83 -0.08 -2.21 -0.30 -0.13 -1.88 | -1.45 -0.19 -0.40 -0.69
1954 0.60 -0.70 -0.33 0.39 0.25 -0.31 0.26 0.80 | 0.18 0.06 0.10 1.44
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1955 -0.68 1.73 0.08 -0.47 0.87 1.05 1.66 1.23 1.49 1.49 1.33 1.04
1956 1.37 1.46 0.93 0.74 1.31 0.81 1.05 0.91 0.02 1.83 0.09 1.01
1957 0.60 -0.48 -0.39 0.01 -1.02 -0.24 0.09 -1.02 | -1.07 -0.16 -1.23 -0.52
1958 -2.29 -0.97 -0.31 0.12 -0.88 -0.15 0.26 0.59 |-043 -0.25 -0.61 -0.88
1959 -1.23 -1.93 0.87 0.18 0.26 -0.55 -0.47 -0.57 | -0.02 0.31 0.95 0.84
1960 0.02 -0.27 0.55 0.62 0.31 -0.30 0.39 0.50 |0.70 -0.13 0.54 0.76
1961 -0.40 0.69 -2.71 0.65 0.10 -0.29 0.10 -0.24 | 0.06 -0.67 0.56 1.58
1962 2.16 -0.69 -0.43 -0.04 0.96 0.36 -0.13 0.34 [0.46 0.86 0.25 0.05
1963 1.10 0.37 0.67 0.62 0.13 -0.98 -0.28 -0.48 | -0.70 -1.61 -1.01 -1.56
1964 -0.53 -0.32 0.68 1.03 -0.06 0.44 0.44 1.33 1.41 1.24 0.04 -0.52
1965 -0.64 0.07 0.22 -0.82 -0.09 -1.02 -2.20 -1.20 | -1.51 -1.22 -1.79 0.02
1966 -1.69 -0.66 -1.71 -0.49 -0.69 -0.01 -0.11 0.31 -0.27 -0.37 -0.10 -0.59
1967 1.83 1.56 0.82 -0.26 -0.30 0.34 0.02 0.45 [0.60 -0.19 -0.62 -0.84
1968 0.37 1.08 -0.50 -0.24 1.13 0.85 0.60 -0.14 | -0.33 -0.31 -0.45 0.05
1969 -1.96 -1.07 -0.11 -0.64 -0.56 -0.17 -0.73 -0.56 | -1.19 -1.33 -0.16 0.29
1970 -1.40 -1.61 0.04 -0.35 0.14 0.70 -0.59 0.22 1.26 0.88 1.72 2.03
1971 0.25 1.90 2.06 1.70 0.72 0.11 0.07 1.31 1.62 1.70 0.52 0.05
1972 0.38 0.82 0.08 -0.39 -2.06 -1.07 -1.88 -1.00 | -1.56 -1.22 -0.45 -1.60
1973 -0.46 -1.95 0.16 -0.20 0.21 0.80 0.52 1.04 1.39 0.61 2.87 1.96
1974 2.63 1.96 217 0.82 0.87 0.08 1.18 0.48 1.24 0.79 -0.28 0.00
1975 -0.76 0.58 1.18 1.04 0.46 1.07 2.05 1.88 | 2.38 1.67 1.29 2.24
1976 1.45 1.55 1.33 0.10 0.20 -0.11 -1.16 -1.31 | -1.34 0.22 0.69 -0.64
1977 -0.66 1.04 -1.28 -0.78 -0.87 -1.49 -1.50 -1.33 | -0.95 -1.42 -1.54 -1.41
1978 -0.42 -3.48 -0.77 -0.61 1.25 0.28 0.40 0.02 | 0.03 -0.72 -0.09 -0.27
1979 -0.65 0.78 -0.51 -0.43 0.30 0.35 1.30 -0.63 | 0.10 -0.38 -0.61 -1.00
1980 0.32 -0.03 -1.19 -1.02 -0.28 -0.43 -0.22 0.02 |-0.57 -0.26 -0.48 -0.28
1981 0.22 -0.62 -2.05 -0.42 0.66 1.01 0.75 0.37 [0.35 -0.70 0.07 0.45
1982 1.31 -0.06 0.05 -0.16 -0.64 -1.60 -1.92 -2.45 | -2.00 -2.19 -3.12 -2.78
1983 -4.18 -4.59 -3.40 -1.32 0.45 -0.33 -0.82 -0.20 | 1.03 0.25 -0.19 -0.09
1984 0.11 0.57 -0.89 0.17 -0.03 -0.79 0.04 0.03 | 0.11 -0.62 0.24 -0.44
1985 -0.45 1.03 0.19 1.03 0.15 -0.88 -0.27 0.69 |-0.04 -0.72 -0.32 0.13
1986 0.91 -1.63 -0.04 0.07 -0.53 0.67 0.15 -0.95 |-0.59 0.53 -1.51 -1.79
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1987 -0.93 -1.86 -2.01 -1.84 -1.72 -1.71 -1.71 -1.49 | -1.18 -0.69 -0.10 -0.71
1988 -0.18 -0.86 0.09 -0.09 0.80 -0.24 1.06 1.35 2.06 1.35 1.84 1.25
1989 1.66 1.10 0.63 1.55 1.16 0.49 0.83 -0.76 | 0.56 0.61 -0.37 -0.72
1990 -0.22 -2.39 -1.14 -0.04 1.10 -0.05 0.47 -0.62 | -0.80 0.07 -0.68 -0.45
1991 0.60 -0.09 -1.35 -1.01 -1.46 -0.53 -0.15 -0.86 | -1.77 -1.48 -0.83 -2.23
1992 -3.39 -1.40 -2.93 -1.41 0.03 -1.15 -0.80 0.00 0.01 -1.93 -0.85 -0.86
1993 -1.20 -1.26 -1.06 -1.59 -0.62 -1.34 -1.12 -1.46 | -0.80 -1.50 -0.16 0.04
1994 -0.30 -0.09 -1.35 -1.75 -1.03 -0.94 -1.74 -1.79 | -1.83 -1.57 -0.71 -1.55
1995 -0.61 -0.48 0.23 -1.09 -0.72 -0.22 0.34 -0.05 | 0.31 -0.28 -0.04 -0.79
1996 1.02 -0.10 0.70 0.64 0.15 0.99 0.59 0.43 0.62 0.41 -0.19 0.82
1997 0.51 1.59 -1.13 -0.85 -1.81 -1.96 -1.02 -2.04 | -1.58 -1.89 -1.42 -1.25
1998 -3.30 -2.65 -3.47 -1.93 0.05 0.72 1.24 0.97 1.20 0.99 1.06 1.41
1999 1.96 0.74 0.84 1.34 0.08 -0.08 0.49 0.05 -0.06 0.89 1.09 1.51
2000 0.68 1.61 0.96 1.14 0.19 -0.58 -0.42 0.36 1.02 0.96 2.00 0.66
2001 1.09 1.47 0.46 -0.06 -0.83 -0.06 -0.41 -0.95 | 0.17 -0.36 0.72 -1.17
2002 0.44 0.89 -0.85 -0.35 -1.22 -0.67 -0.68 -1.59 | -0.68 -0.73 -0.58 -1.43

SOI (NOAA) Calculations (see equation 6.1)

Step 1. Darwin Sea Level Pressure (1000mb subtracted) (http://www.cpc.ncep.noaa.gov/data/indices/)
YEAR JAN | FEB | MAR | APR | MAY JUN JUL AUG SEP OCT NOV DEC
1882 6.4 6.3 7.5 8.5 9.4 12.3 13.1 13.2 11.8 9.4 9.5 5.8
1883 7.3 6.6 9.2 8.4 10.5 12.4 13 11.7 11.9 10.2 7.2 6.9
1884 7.3 7.6 7.5 11 11.2 124 13.2 12.6 12 10.9 9 7.4
1885 7.3 6.4 8.4 105 | 12.7 134 14.1 13.2 13.1 12.6 11.1 7
1886 7.9 5.8 8.4 9.3 10.3 12.3 11.7 11.1 10.7 9.7 8.1 4.4
1887 5.6 4.8 7.1 8.6 10.8 12.5 13.6 12.6 121 11 9.4 8
1888 5.5 6.9 9.7 104 | 11.2 13.1 13.7 13.4 12.6 12 9.9 8.8
1889 9 8.4 10.2 10.1 | 11.1 11.1 12.8 13 10.9 10.2 5.8 4.4
1890 4.1 6.3 6.8 8.6 10.8 11.3 12.6 12.2 10.6 9.7 9.2 7.5
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1891 5.3 6.8 9.2 10 12.2 13.1 14.2 14.7 13.7 11.4 10.1 8.9
1892 6.5 8.1 5.9 9.8 | 117 11.9 13 12.2 1.2 9.2 8 7.2
1896 6.2 6.2 7.8 9.2 13.7 13.3 13.5 14.8 13.6 12.9 10.1 9.6
1897 7.6 7.3 9.8 10.8 | 12.7 12.6 13.7 13 1.7 10.7 9.1 5.7
1898 6.1 52 4 9.2 11.5 121 13.1 12.5 10.7 9.6 6.9 6.2
1899 5.5 7.3 6.2 93 [ 114 13 13.5 12.8 12.5 11.8 9.8 8.1
1900 7.7 8.1 9.9 10.8 | 11.5 12 12.1 11.2 1.4 10.6 9.1 8.4
1901 6.5 6.8 74 9.8 [ 115 12.2 13.2 13.1 12.8 10.5 9.9 7.4
1902 5.8 8.1 8.1 10.3 | 12.8 131 14 13.4 13.4 12.2 10.9 8.4
1903 8.1 8.6 5.9 9 11 12.8 11.6 12.8 11.2 10 8.4 54
1904 5.9 5.5 7.1 76 |10.8 13.3 13.3 13.2 12 9.9 10.1 7.9
1905 7.7 7.9 10.7 10.7 | 111 12.7 13.7 13.6 11.8 10.3 10.8 8.6
1906 6.5 7.2 8.6 10 11.1 12.1 12 12.5 10.5 9.8 7.2 6.8
1909 5.6 7.6 5.8 9.7 |10.5 11.6 121 11.9 11.2 9.6 8.3 6.7
1910 4.4 5 6.8 8.2 11.1 11.1 11.8 11.8 10.6 10.6 7.1 5.7
1911 5.5 5.6 7.8 86 |11.8 14 13.5 134 12.1 12 9.9 7.6
1912 7.6 9 8.1 11.7 | 124 12.4 12 13.3 1.2 11 8.8 8.6
1913 6 7 6.9 96 [124 13.3 13.9 13 13.3 11.9 10.1 8.1
1916 5.2 5.9 7.6 9.8 199 10.4 11.2 12.3 10.8 9 7.7 4.2
1917 6.1 7.3 5.8 8.5 |10.5 11.1 11 10.9 10.4 9.7 7.4 5.1
1918 5.5 54 8.9 9 10.7 12.4 14 13.5 14.1 11.2 9.2 8

1919 7.2 8.8 8.5 94 [109 12.9 13.2 13.7 12.3 1.2 9.8 8.1
1920 5.1 6.9 8.9 89 [10.8 10.2 11.2 12 11 10.2 8.4 5.5
1921 4.9 6.5 6.7 10 10 10.6 121 13.1 12 10.4 8.9 6.2
1922 5.5 5.1 6.8 94 |10.6 11.6 12.6 12.9 11.5 10.6 8.7 6.2
1923 5.1 6.5 6.4 8.1 10.2 11.6 13.9 14.6 12.4 11.4 9.5 7

1924 7.4 6.8 7.3 94 |10.5 12.3 13.2 12.8 12 9.5 8 5.8
1925 54 3.9 5.2 79 (105 12.1 13.9 12.8 12.8 11.6 10.3 8.3
1926 6.5 8.5 94 10.2 | 111 12.8 12.9 12.9 11.4 9.8 9.5 6.5
1927 5.1 6.9 6.8 8.6 |10.7 11.8 12.4 13.3 12.4 11.2 9.5 7.1
1928 8.3 5.8 6.5 9 11.9 12.8 12.7 13.2 1.7 9.3 9.6 6.3
1929 3.1 4.3 7.4 95 [ 119 134 13.7 13.2 12.5 10.8 8 6.3
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1930 4.8 6.6 8.2 10 12 12.9 13.5 13.6 13.2 11.7 10.8 7.9
1933 6.8 5.5 6.7 95 [ 11.2 12.5 13 13.3 1.7 9.8 8.1 6.4
1934 5.9 7.3 7 88 [114 11.7 12.5 13.6 12.2 10.9 8.6 7.4
1935 5.4 74 6 94 |12 12.8 12.7 13.5 10.8 9.7 9.2 8.1
1936 6.7 6.9 7.6 9.1 10.1 12.6 12.5 121 11.6 10.7 94 6.8
1937 5.2 7.8 6 9.2 12 12.2 13.4 12.6 12.5 10.9 8.3 6.5
1938 5.2 5.6 8 9 9.8 11.4 11.8 1.7 1.7 10.7 7.8 6.8
1939 4.8 5.9 6.5 9.1 1.2 12.4 12.8 11.6 13.3 11.6 9.2 9.2
1940 5.7 6.5 8.7 10.7 | 12.2 14 14.3 14.1 14.1 13.8 9.6 9.9
1941 7.8 9.7 8.7 10.6 | 11.2 13.7 15.4 14.5 12.7 11.9 9.2 8.8
1942 8.5 6.3 8.6 10.3 | 9.8 11.8 13.2 12.1 11.1 9.5 8.3 6.7
1943 6.3 4.9 7.4 8.8 [10.8 13.1 12.6 12 11.1 9.7 8.4 7.7
1944 7.2 6.7 7.6 10.2 | 11.6 13.1 14 13.5 12.4 11.3 9 6.3
1945 6.5 6.4 5.8 10.3 | 11.3 11.8 13.4 12.2 11.9 11.1 9.3 7.2
1946 6.3 5.5 8.6 104 | 11.6 13.2 13.8 13.4 12.7 11.8 9.2 7.3
1947 7.5 6.3 7 96 |124 12.6 13.2 11.6 11.5 10.6 8.2 6.7
1948 7.3 6.5 7.6 9 10.8 12.7 12.3 12.2 12.2 104 7.6 7.7
1949 7.3 5.6 6.2 10.1 | 111 13.5 13 134 11.8 9.8 9 5.2
1950 4.7 4.3 6.5 7.7 199 10.7 121 12 11.7 9.5 6.5 4.4
1951 5.3 5.1 7 94 [ 119 11.2 13.3 13.2 12.5 11.4 9.5 8.9
1952 6.7 7.1 8.3 10.3 | 10.3 12.5 13 12.6 12.1 9.9 7.7 8.4
1953 6.9 7.3 8 8.9 | 131 12.5 13.9 13 13.2 10.8 94 8.1
1954 4.9 7.3 7.7 7.7 1041 12.3 12.4 11.8 11.9 10.7 9.1 6.5
1955 8.3 3.7 6.7 89 |94 10.9 11.7 11.4 10.9 9.3 7.6 7.6
1956 4.8 4.7 6.9 8.3 |9.1 11.3 11.2 11.5 11.4 9.7 8.7 5.6
1957 6.5 6.4 7.8 95 [123 12.5 12.9 13.3 13.1 11.5 9.8 7.7
1958 8.5 7.1 8.1 89 (109 11.6 12.4 11.6 11.5 9.6 9.1 8.3
1959 6.1 8.7 6.9 89 [104 12.8 13.5 13.1 11.9 10.5 7.7 6.1
1960 6.5 6.7 71 85 |10 12.5 12.5 12.5 10.5 10.7 8.7 7.2
1961 7.2 6.4 9.6 9.2 11.1 12.8 13.1 13.2 12.1 10.4 9.2 6.7
1962 5.1 74 8.4 9.8 | 1041 11.5 12.3 13.3 11.1 9.7 8.1 7.3
1963 5.9 8 6.7 8.5 [103 13.3 13.5 12.4 12.7 12.4 10.3 9
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1964 7.3 7.1 7 9.1 10.5 11.8 12 12.1 10.4 9.5 7.8 7.6
1965 6.3 5.7 6.9 1.2 | 11.2 14 15.5 13.7 13.3 12.4 10.4 6.6
1966 7.5 6.7 8.6 99 [123 13.3 12.9 12.6 12.1 11.3 8.9 7.6
1967 5 5.6 7.2 10.7 | 11 12.5 12.8 12.8 12.7 10.8 8.9 7.8
1968 4.1 5.1 8.2 9.7 |95 12.2 12.7 12.7 12.2 11 9.8 7.3
1969 5.8 6.3 8.3 109 | 11 12.7 13.5 134 11.8 11.5 9.1 6.9
1970 8.2 7.2 7.2 10 10.6 11.8 13.8 12 10.1 8.7 7.5 5.2
1971 5.8 4.5 6 8 104 13 12.5 1.7 10.8 9.5 8.3 5.8
1972 5.8 5.1 6.7 10.6 | 13.7 12.8 13.8 13.8 13.7 12.6 9.8 9.6
1973 7.3 8.3 7 9 10.8 11 12.4 11.5 11.4 10 5.7 6.6
1974 4 4.4 5.5 8.8 |11 12.4 12.6 12.1 11 9.6 7.7 6.1
1975 6.4 6.9 6.6 78 [104 11.4 1.7 11.3 10.4 8.9 8 5.5
1976 5.1 54 5.6 99 |12 12.6 14 14.1 12.9 9.9 7.8 6.5
1977 5.9 5.6 8.1 9.3 | 113 13.5 13.6 13.6 12.9 12.3 10 8.1
1978 8.2 8.9 9.5 10.1 1 9.3 11.1 11.3 11.9 11.6 10.7 9.1 7.4
1979 6 6.9 7.9 9.7 [ 11.2 12.6 11.1 13.3 11.7 11 9.1 8.5
1980 5.9 6.3 7.2 9.7 [ 113 12.5 13.2 134 12.7 10.7 9.1 7.3
1981 5.1 6.2 9.9 99 (105 11.5 11.8 12.4 11.5 11.1 8.4 7.5
1982 6.3 7 7.5 10.1 | 11.9 13.9 14.5 14.7 14 12.5 11.1 9.3
1983 9.8 10.3 | 10.1 10.1 | 11.7 13.3 14.4 14.1 12.1 10.5 9.7 8.5
1984 7.1 5.3 8.1 10.1 | 111 13.2 13.2 12.2 11.8 11.3 9.3 5.1
1985 7.5 54 6.1 75 (94 12.6 13.6 12.4 11.5 10.7 8.4 7.6
1986 4.7 6.9 8.4 93 [ 116 11 12.8 12 12.2 10.9 9.3 9.7
1987 7.1 7.4 10.7 115 | 12.6 13.1 14.7 14.3 13.5 11.2 8.9 7.8
1988 7.8 6.7 6.8 10.1 | 10.8 13.9 12.8 12.5 10.6 9.1 7.4 6.5
1989 54 6.8 7.3 7.6 | 1041 12.8 12.1 13.3 1.7 9.9 8.7 8.9
1990 6.9 10 8.3 9.7 (103 12.4 12.8 13.5 13.3 10.9 9.1 7.7
1991 6.3 6.5 9.5 99 [126 13.3 134 14 13.3 11.1 10.1 8.5
1992 101 | 7.7 10.5 11 111 12.5 14.9 12.8 11.2 11.2 9.5 7.3
1993 6.8 6.4 10.1 114 | 124 13.9 13.5 15.1 13.4 12 9 7

1994 6.7 6.5 94 10.8 | 12 12.9 14.1 14.9 13.5 11.9 9.8 9.3
1995 7 7.8 7.2 96 | 116 13 12.7 13.2 12 10.2 8.8 7.5
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1996 5.7 6.2 7.4 9 12.2 124 12.5 124 10.3 9.7 8.4 5.6
1997 7.3 4.8 8.6 119 | 119 14.7 14.3 15.1 14.7 13.4 11.4 8.6
1998 7.8 10.2 |10 1.1 | 115 121 12.6 12.7 11.6 9.6 7.3 5.9
1999 49 |62 |63 87 |121 [131 13.2 14 12.4 10.3 8 6.6
2000 67 |66 |74 |86 [117 [135 13.1 12.2 12 9.1 6.5 4.9
2001 7.2 3.5 7.9 9.4 12.2 12.2 134 13.3 11.8 9.9 8.4 7.7
2002 72 |66 |9.1 10 | 12.1 13.1 14.6 13.7 13 10.5 9.8 9.1
Average(1951-
1980)= 6.2 6.4 7.4 94 10.9 12.3 12.8 12.6 11.9 10.6 8.7 7.3

Step 2. Darwin Sea level Pressure Anomaly (base period 1951-1980)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
1882 0.2 -0.1 0.1 -0.9 -1.5 0.0 0.3 0.6 -0.1 -1.2 0.8 -1.5
1883 1.1 0.2 1.8 -1.0 -0.4 0.1 0.2 -0.9 0.0 -0.4 -1.5 -0.4
1884 1.1 1.2 0.1 1.6 0.3 0.1 04 0.0 0.1 0.3 0.3 0.1
1885 1.1 0.0 1.0 1.1 1.8 1.1 1.3 0.6 1.2 2.0 24 -0.3
1886 1.7 -0.6 1.0 -0.1 -0.6 0.0 -1.1 -1.5 -1.2 -0.9 -0.6 -2.9
1887 -0.6 -1.6 -0.3 -0.8 -0.1 0.2 0.8 0.0 0.2 0.4 0.7 0.7
1888 -0.7 0.5 23 1.0 0.3 0.8 0.9 0.8 0.7 1.4 1.2 1.5
1889 2.8 2.0 2.8 0.7 0.2 -1.2 0.0 0.4 -1.0 -0.4 -2.9 -2.9
1890 -2.1 -0.1 -0.6 -0.8 -0.1 -1.0 -0.2 -0.4 -1.3 -0.9 0.5 0.2
1891 -0.9 0.4 1.8 0.6 1.3 0.8 14 2.1 1.8 0.8 14 1.6
1892 0.3 1.7 -1.5 04 0.8 -0.4 0.2 -0.4 -0.7 -1.4 -0.7 -0.1
1896 0.0 -0.2 04 -0.2 2.8 1.0 0.7 2.2 1.7 2.3 1.4 2.3
1897 1.4 0.9 24 1.4 1.8 0.3 0.9 0.4 -0.2 0.1 0.4 -1.6
1898 -0.1 -1.2 -3.4 -0.2 0.6 -0.2 0.3 -0.1 -1.2 -1.0 -1.8 -1.1
1899 -0.7 0.9 -1.2 -0.1 0.5 0.7 0.7 0.2 0.6 1.2 1.1 0.8
1900 1.5 1.7 2.5 1.4 0.6 -0.3 -0.7 -1.4 -0.5 0.0 04 1.1
1901 0.3 04 0.0 04 0.6 -0.1 04 0.5 0.9 -0.1 1.2 0.1
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1902 -0.4 1.7 0.7 0.9 1.9 0.8 1.2 0.8 1.5 1.6 2.2 1.1
1903 1.9 2.2 -1.5 -0.4 0.1 0.5 -1.2 0.2 -0.7 -0.6 -0.3 -1.9
1904 -0.3 -0.9 -0.3 -1.8 -0.1 1.0 0.5 0.6 0.1 -0.7 1.4 0.6
1905 1.5 1.5 3.3 1.3 0.2 0.4 0.9 1.0 -0.1 -0.3 2.1 1.3
1906 0.3 0.8 1.2 0.6 0.2 -0.2 -0.8 -0.1 -1.4 -0.8 -1.5 -0.5
1909 -0.6 1.2 -1.6 0.3 -0.4 -0.7 -0.7 -0.7 -0.7 -1.0 -0.4 -0.6
1910 -1.8 -1.4 -0.6 -1.2 0.2 -1.2 -1.0 -0.8 -1.3 0.0 -1.6 -1.6
1911 -0.7 -0.8 04 -0.8 0.9 1.7 0.7 0.8 0.2 1.4 1.2 0.3
1912 1.4 2.6 0.7 23 1.5 0.1 -0.8 0.7 -0.7 0.4 0.1 1.3
1913 -0.2 0.6 -0.5 0.2 1.5 1.0 1.1 0.4 1.4 1.3 1.4 0.8
1916 -1.0 -0.5 0.2 0.4 -1.0 -1.9 -1.6 -0.3 -1.1 -1.6 -1.0 -3.1
1917 -0.1 0.9 -1.6 -0.9 -0.4 -1.2 -1.8 -1.7 -1.5 -0.9 -1.3 -2.2
1918 -0.7 -1.0 1.5 -0.4 -0.2 0.1 1.2 0.9 2.2 0.6 0.5 0.7
1919 1.0 24 1.1 0.0 0.0 0.6 0.4 1.1 0.4 0.6 1.1 0.8
1920 -1.41 0.5 1.5 -0.5 -0.1 -2.1 -1.6 -0.6 -0.9 -0.4 -0.3 -1.8
1921 -1.3 0.1 -0.7 0.6 -0.9 -1.7 -0.7 0.5 0.1 -0.2 0.2 -1.41
1922 -0.7 -1.3 -0.6 0.0 -0.3 -0.7 -0.2 0.3 -0.4 0.0 0.0 -1.41
1923 -141 0.1 -1.0 -1.3 -0.7 -0.7 1.1 2.0 0.5 0.8 0.8 -0.3
1924 1.2 0.4 -0.1 0.0 -04 0.0 0.4 0.2 0.1 -1.1 -0.7 -1.5
1925 -0.8 -2.5 -2.2 -1.5 -0.4 -0.2 1.1 0.2 0.9 1.0 1.6 1.0
1926 0.3 2.1 2.0 0.8 0.2 0.5 0.1 0.3 -0.5 -0.8 0.8 -0.8
1927 -1.1 0.5 -0.6 -0.8 -0.2 -0.5 -0.4 0.7 0.5 0.6 0.8 -0.2
1928 2.1 -0.6 -0.9 -0.4 1.0 0.5 -0.1 0.6 -0.2 -1.3 0.9 -1.0
1929 -3.1 -2.1 0.0 0.1 1.0 1.1 0.9 0.6 0.6 0.2 -0.7 -1.0
1930 -1.4 0.2 0.8 0.6 1.1 0.6 0.7 1.0 1.3 1.1 2.1 0.6
1933 0.6 -0.9 -0.7 0.1 0.3 0.2 0.2 0.7 -0.2 -0.8 -0.6 -0.9
1934 -0.3 0.9 -0.4 -0.6 0.5 -0.6 -0.3 1.0 0.3 0.3 -0.1 0.1
1935 -0.8 1.0 -1.4 0.0 1.1 0.5 -0.1 0.9 -1.41 -0.9 0.5 0.8
1936 0.5 0.5 0.2 -0.3 -0.8 0.3 -0.3 -0.5 -0.3 0.1 0.7 -0.5
1937 -1.0 1.4 -1.4 -0.2 1.1 -0.1 0.6 0.0 0.6 0.3 -0.4 -0.8
1938 -1.0 -0.8 0.6 -0.4 -1.1 -0.9 -1.0 -0.9 -0.2 0.1 -0.9 -0.5
1939 -1.4 -0.5 -0.9 -0.3 0.3 0.1 0.0 -1.0 1.4 1.0 0.5 1.9
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1940 -0.5 0.1 1.3 1.3 1.3 1.7 1.5 1.5 2.2 3.2 0.9 2.6

1941 1.6 3.3 1.3 1.2 0.3 1.4 2.6 1.9 0.8 1.3 0.5 1.5

1942 2.3 -0.1 1.2 0.9 -1.41 -0.5 0.4 -0.5 -0.8 -1.41 -0.4 -0.6
1943 0.1 -1.5 0.0 -0.6 -0.1 0.8 -0.2 -0.6 -0.8 -0.9 -0.3 04

1944 1.0 0.3 0.2 0.8 0.7 0.8 1.2 0.9 0.5 0.7 0.3 -1.0
1945 0.3 0.0 -1.6 0.9 0.4 -0.5 0.6 -0.4 0.0 0.5 0.6 -0.1
1946 0.1 -0.9 1.2 1.0 0.7 0.9 1.0 0.8 0.8 1.2 0.5 0.0

1947 1.3 -0.1 -0.4 0.2 1.5 0.3 0.4 -1.0 -0.4 0.0 -0.5 -0.6
1948 1.1 0.1 0.2 -0.4 -0.1 0.4 -0.5 -0.4 0.3 -0.2 -1.1 0.4

1949 1.1 -0.8 -1.2 0.7 0.2 1.2 0.2 0.8 -0.1 -0.8 0.3 -2.1
1950 -1.5 -2.1 -0.9 -1.7 -1.0 -1.6 -0.7 -0.6 -0.2 -1.41 -2.2 -2.9
1951 -0.9 -1.3 -0.4 0.0 1.0 -11 0.5 0.6 0.6 0.8 0.8 1.6

1952 0.5 0.7 0.9 0.9 -0.6 0.2 0.2 0.0 0.2 -0.7 -1.0 1.1

1953 0.7 0.9 0.6 -0.5 2.2 0.2 1.1 0.4 1.3 0.2 0.7 0.8

1954 -1.3 0.9 0.3 -1.7 -0.8 0.0 -0.4 -0.8 0.0 0.1 0.4 -0.8
1955 2.1 -2.7 -0.7 -0.5 -1.5 -1.4 -1.1 -1.2 -1.0 -1.3 -1.1 0.3

1956 -1.4 -1.7 -0.5 -1.1 -1.8 -1.0 -1.6 -141 -0.5 -0.9 0.0 -1.7
1957 0.3 0.0 0.4 0.1 1.4 0.2 0.1 0.7 1.2 0.9 1.1 0.4
1958 23 0.7 0.7 -0.5 0.0 -0.7 -0.4 -1.0 -0.4 -1.0 0.4 1.0
1959 -0.1 2.3 -0.5 -0.5 -0.5 0.5 0.7 0.5 0.0 -0.1 -1.0 -1.2
1960 0.3 0.3 -0.3 -0.9 -0.9 0.2 -0.3 -0.1 -1.4 0.1 0.0 -0.1
1961 1.0 0.0 2.2 -0.2 0.2 0.5 0.3 0.6 0.2 -0.2 0.5 -0.6
1962 -141 1.0 1.0 0.4 -0.8 -0.8 -0.5 0.7 -0.8 -0.9 -0.6 0.0
1963 -0.3 1.6 -0.7 -0.9 -0.6 1.0 0.7 -0.2 0.8 1.8 1.6 1.7
1964 1.1 0.7 -0.4 -0.3 -0.4 -0.5 -0.8 -0.5 -1.5 -1.1 -0.9 0.3
1965 0.1 -0.7 -0.5 1.8 0.3 1.7 2.7 1.1 1.4 1.8 1.7 -0.7
1966 1.3 0.3 1.2 0.5 1.4 1.0 0.1 0.0 0.2 0.7 0.2 0.3
1967 -1.2 -0.8 -0.2 1.3 0.1 0.2 0.0 0.2 0.8 0.2 0.2 0.5
1968 -2.1 -1.3 0.8 0.3 -1.4 -0.1 -0.1 0.1 0.3 0.4 1.1 0.0
1969 -0.4 -0.1 0.9 1.5 0.1 0.4 0.7 0.8 -0.1 0.9 0.4 -0.4
1970 2.0 0.8 -0.2 0.6 -0.3 -0.5 1.0 -0.6 -1.8 -1.9 -1.2 -2.1
1971 -0.4 -1.9 -1.4 -1.4 -0.5 0.7 -0.3 -0.9 -1.41 -1.41 -0.4 -1.5
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1972 -0.4 -1.3 -0.7 1.2 2.8 0.5 1.0 1.2 1.8 2.0 1.1 2.3
1973 1.1 1.9 -0.4 -0.4 -0.1 -1.3 -0.4 -1.41 -0.5 -0.6 -3.0 -0.7
1974 -2.2 -2.0 -1.9 -0.6 0.1 0.1 -0.2 -0.5 -0.9 -1.0 -1.0 -1.2
1975 0.2 0.5 -0.8 -1.6 -0.5 -0.9 -1.41 -1.3 -1.5 -1.7 -0.7 -1.8
1976 -1.1 -1.0 -1.8 0.5 1.1 0.3 1.2 1.5 1.0 -0.7 -0.9 -0.8
1977 -0.3 -0.8 0.7 -0.1 0.4 1.2 0.8 1.0 1.0 1.7 1.3 0.8
1978 2.0 2.5 2.1 0.7 -1.6 -1.2 -1.5 -0.7 -0.3 0.1 0.4 0.1
1979 -0.2 0.5 0.5 0.3 0.3 0.3 -1.7 0.7 -0.2 0.4 0.4 1.2
1980 -0.3 -0.1 -0.2 0.3 0.4 0.2 0.4 0.8 0.8 0.1 0.4 0.0
1981 -1.1 -0.2 25 0.5 -0.4 -0.8 -1.0 -0.2 -04 0.5 -0.3 0.2
1982 0.1 0.6 0.1 0.7 1.0 1.6 1.7 2.1 2.1 1.9 24 2.0
1983 3.6 3.9 2.7 0.7 0.8 1.0 1.6 1.5 0.2 -0.1 1.0 1.2
1984 0.9 -1.41 0.7 0.7 0.2 0.9 0.4 -0.4 -0.1 0.7 0.6 -2.2
1985 1.3 -1.0 -1.3 -1.9 -1.5 0.3 0.8 -0.2 -0.4 0.1 -0.3 0.3
1986 -1.5 0.5 1.0 -0.1 0.7 -1.3 0.0 -0.6 0.3 0.3 0.6 24
1987 0.9 1.0 3.3 2.1 1.7 0.8 1.9 1.7 1.6 0.6 0.2 0.5
1988 1.6 0.3 -0.6 0.7 -0.1 1.6 0.0 -0.1 -1.3 -1.5 -1.3 -0.8
1989 -0.8 04 -0.1 -1.8 -0.8 0.5 -0.7 0.7 -0.2 -0.7 0.0 1.6
1990 0.7 3.6 0.9 0.3 -0.6 0.1 0.0 0.9 1.4 0.3 0.4 0.4
1991 0.1 0.1 2.1 0.5 1.7 1.0 0.6 1.4 1.4 0.5 1.4 1.2
1992 3.9 1.3 3.1 1.6 0.2 0.2 2.1 0.2 -0.7 0.6 0.8 0.0
1993 0.6 0.0 2.7 2.0 1.5 1.6 0.7 2.5 1.5 1.4 0.3 -0.3
1994 0.5 0.1 2.0 1.4 1.1 0.6 1.3 2.3 1.6 1.3 1.1 2.0
1995 0.8 1.4 -0.2 0.2 0.7 0.7 -0.1 0.6 0.1 -0.4 0.1 0.2
1996 -0.5 -0.2 0.0 -0.4 1.3 0.1 -0.3 -0.2 -1.6 -0.9 -0.3 -1.7
1997 1.1 -1.6 1.2 2.5 1.0 24 1.5 2.5 2.8 2.8 2.7 1.3
1998 1.6 3.8 2.6 1.7 0.6 -0.2 -0.2 0.1 -0.3 -1.0 -1.4 -1.4
1999 -1.3 -0.2 -141 -0.7 1.2 0.8 0.4 1.4 0.5 -0.3 -0.7 -0.7
2000 0.5 0.2 0.0 -0.8 0.8 1.2 0.3 -0.4 0.1 -1.5 -2.2 -2.4
2001 1.0 -2.9 0.5 0.0 1.3 -0.1 0.6 0.7 -0.1 -0.7 -0.3 0.4
2002 1.0 0.2 1.7 0.6 1.2 0.8 1.8 1.1 1.1 -0.1 1.1 1.8
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Step 3. Squared Darwin Sea Level Pressure Anamoly (base period 1951-1980)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1882 0.0 0.0 0.0 0.8 2.2 0.0 0.1 0.3 0.0 1.4 0.6 2.1
1883 1.1 0.0 3.2 0.9 0.1 0.0 0.0 0.9 0.0 0.1 2.3 0.1
1884 1.1 1.4 0.0 2.6 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.0
1885 1.1 0.0 1.0 1.3 3.3 1.2 1.6 0.3 1.5 4.1 5.6 0.1
1886 2.7 0.4 1.0 0.0 0.3 0.0 1.3 23 1.4 0.8 04 8.2
1887 0.4 2.5 0.1 0.6 0.0 0.0 0.6 0.0 0.0 0.2 0.4 0.5
1888 0.6 0.3 5.2 1.1 0.1 0.6 0.7 0.6 0.5 21 1.4 24
1889 7.6 4.0 7.7 0.5 0.0 1.4 0.0 0.1 1.0 0.1 8.6 8.2
1890 4.6 0.0 04 0.6 0.0 1.0 0.1 0.2 1.7 0.8 0.2 0.1
1891 0.9 0.2 3.2 04 1.7 0.6 1.9 4.3 3.3 0.7 1.9 2.7
1892 0.1 2.9 23 0.2 0.7 0.2 0.0 0.2 0.5 1.9 0.5 0.0
1896 0.0 0.0 0.1 0.0 7.9 1.0 0.4 4.7 2.9 54 1.9 5.5
1897 1.8 0.8 5.6 2.0 3.3 0.1 0.7 0.1 0.0 0.0 0.1 24
1898 0.0 1.4 1.7 0.0 04 0.0 0.1 0.0 1.4 0.9 3.3 1.1
1899 0.6 0.8 1.5 0.0 0.3 0.5 0.4 0.0 04 1.5 1.1 0.7
1900 2.1 2.9 6.1 2.0 0.4 0.1 0.5 2.0 0.2 0.0 0.1 1.3
1901 0.1 0.2 0.0 0.2 0.4 0.0 0.1 0.2 0.8 0.0 1.4 0.0
1902 0.2 29 0.5 0.9 3.7 0.6 1.4 0.6 23 2.7 4.7 1.3
1903 3.4 4.9 23 0.1 0.0 0.3 1.5 0.0 0.5 0.3 0.1 3.5
1904 0.1 0.8 0.1 3.1 0.0 1.0 0.2 0.3 0.0 0.4 1.9 0.4
1905 2.1 23 10.7 1.8 0.0 0.2 0.7 0.9 0.0 0.1 4.3 1.8
1906 0.1 0.6 1.4 04 0.0 0.0 0.7 0.0 1.9 0.6 2.3 0.2
1909 0.4 1.4 2.6 0.1 0.1 0.5 0.5 0.5 0.5 0.9 0.2 0.3
1910 3.4 2.0 04 1.4 0.0 1.4 1.1 0.7 1.7 0.0 2.7 24
1911 0.6 0.6 0.1 0.6 0.8 2.9 0.4 0.6 0.0 2.1 1.4 0.1
1912 1.8 6.8 0.5 54 2.3 0.0 0.7 0.4 0.5 0.2 0.0 1.8
1913 0.1 0.4 0.3 0.1 2.3 1.0 1.1 0.1 2.0 1.8 1.9 0.7
1916 1.1 0.2 0.0 0.2 1.0 3.6 2.7 0.1 1.2 2.5 1.1 94
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1917 0.0 0.8 2.6 0.8 0.1 1.4 3.4 3.0 2.2 0.8 1.8 4.7
1918 0.6 1.0 2.2 0.1 0.0 0.0 1.4 0.8 4.9 04 0.2 0.5
1919 0.9 5.8 1.2 0.0 0.0 0.4 0.1 1.1 0.2 04 1.1 0.7
1920 1.3 0.3 2.2 0.2 0.0 4.4 2.7 0.4 0.8 0.1 0.1 3.1
1921 1.8 0.0 0.5 0.4 0.8 2.9 0.5 0.2 0.0 0.0 0.0 1.1
1922 0.6 1.7 04 0.0 0.1 0.5 0.1 0.1 0.1 0.0 0.0 1.1
1923 1.3 0.0 1.0 1.6 0.5 0.5 1.1 3.9 0.3 0.7 0.6 0.1
1924 1.3 0.2 0.0 0.0 0.1 0.0 0.1 0.0 0.0 1.1 0.5 21
1925 0.7 6.2 4.9 2.2 0.1 0.0 1.1 0.0 0.8 1.1 25 1.1
1926 0.1 4.4 3.9 0.7 0.0 0.3 0.0 0.1 0.2 0.6 0.6 0.6
1927 1.3 0.3 04 0.6 0.0 0.2 0.2 0.4 0.3 04 0.6 0.0
1928 4.2 0.4 0.9 0.1 1.0 0.3 0.0 0.3 0.0 1.6 0.8 0.9
1929 9.9 4.4 0.0 0.0 1.0 1.2 0.7 0.3 04 0.1 0.5 0.9
1930 2.1 0.0 0.6 0.4 1.2 0.4 0.4 0.9 1.7 1.3 4.3 0.4
1933 0.3 0.8 0.5 0.0 0.1 0.0 0.0 0.4 0.0 0.6 04 0.7
1934 0.1 0.8 0.2 0.3 0.3 0.4 0.1 0.9 0.1 0.1 0.0 0.0
1935 0.7 1.0 2.0 0.0 1.2 0.3 0.0 0.8 1.2 0.8 0.2 0.7
1936 0.2 0.3 0.0 0.1 0.6 0.1 0.1 0.3 0.1 0.0 04 0.2
1937 1.1 2.0 2.0 0.0 1.2 0.0 0.3 0.0 0.4 0.1 0.2 0.6
1938 1.1 0.6 0.3 0.1 1.2 0.8 1.1 0.9 0.0 0.0 0.9 0.2
1939 2.1 0.2 0.9 0.1 0.1 0.0 0.0 1.1 2.0 1.1 0.2 3.8
1940 0.3 0.0 1.6 1.8 1.7 29 2.1 2.2 4.9 10.5 0.8 7.0
1941 24 10.9 1.6 1.5 0.1 2.0 6.6 3.5 0.7 1.8 0.2 24
1942 5.1 0.0 1.4 0.9 1.2 0.2 0.1 0.3 0.6 1.1 0.2 0.3
1943 0.0 2.2 0.0 0.3 0.0 0.6 0.1 0.4 0.6 0.8 0.1 0.2
1944 0.9 0.1 0.0 0.7 0.5 0.6 1.4 0.8 0.3 0.5 0.1 0.9
1945 0.1 0.0 2.6 0.9 0.2 0.2 0.3 0.2 0.0 0.3 0.3 0.0
1946 0.0 0.8 1.4 1.1 0.5 0.8 0.9 0.6 0.7 1.5 0.2 0.0
1947 1.6 0.0 0.2 0.1 23 0.1 0.1 1.1 0.1 0.0 0.3 0.3
1948 1.1 0.0 0.0 0.1 0.0 0.2 0.3 0.2 0.1 0.0 1.3 0.2
1949 1.1 0.6 1.5 0.5 0.0 1.4 0.0 0.6 0.0 0.6 0.1 4.2
1950 24 4.4 0.9 2.8 1.0 2.5 0.5 04 0.0 1.1 5.0 8.2
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1951 0.9 1.7 0.2 0.0 1.0 1.2 0.2 0.3 04 0.7 0.6 2.7
1952 0.2 0.5 0.8 0.9 0.3 0.0 0.0 0.0 0.0 04 1.1 1.3
1953 04 0.8 0.3 0.2 4.9 0.0 1.1 0.1 1.7 0.1 04 0.7
1954 1.8 0.8 0.1 2.8 0.6 0.0 0.2 0.7 0.0 0.0 0.1 0.6
1955 4.2 7.3 0.5 0.2 2.2 2.0 1.3 1.5 1.0 1.6 1.3 0.1
1956 2.1 2.9 0.3 1.2 3.2 1.0 2.7 1.3 0.2 0.8 0.0 2.8
1957 0.1 0.0 0.1 0.0 2.0 0.0 0.0 0.4 1.5 0.9 1.1 0.2
1958 5.1 0.5 0.5 0.2 0.0 0.5 0.2 1.1 0.1 0.9 0.1 1.1
1959 0.0 5.3 0.3 0.2 0.2 0.3 0.4 0.2 0.0 0.0 1.1 1.3
1960 0.1 0.1 0.1 0.8 0.8 0.0 0.1 0.0 1.9 0.0 0.0 0.0
1961 0.9 0.0 4.7 0.0 0.0 0.3 0.1 0.3 0.0 0.0 0.2 0.3
1962 1.3 1.0 1.0 0.2 0.6 0.6 0.3 0.4 0.6 0.8 04 0.0
1963 0.1 2.6 0.5 0.8 0.3 1.0 0.4 0.1 0.7 34 2.5 3.0
1964 1.1 0.5 0.2 0.1 0.1 0.2 0.7 0.3 2.2 1.1 0.9 0.1
1965 0.0 0.5 0.3 3.3 0.1 29 7.1 1.1 2.0 3.4 2.8 0.4
1966 1.6 0.1 1.4 0.3 2.0 1.0 0.0 0.0 0.0 0.5 0.0 0.1
1967 1.5 0.6 0.0 1.8 0.0 0.0 0.0 0.0 0.7 0.1 0.0 0.3
1968 4.6 1.7 0.6 0.1 1.9 0.0 0.0 0.0 0.1 0.2 1.1 0.0
1969 0.2 0.0 0.8 23 0.0 0.2 0.4 0.6 0.0 0.9 0.1 0.1
1970 3.8 0.6 0.0 04 0.1 0.2 0.9 0.4 3.2 3.5 1.5 4.2
1971 0.2 3.6 2.0 1.9 0.2 0.5 0.1 0.9 1.2 1.1 0.2 21
1972 0.2 1.7 0.5 1.5 7.9 0.3 0.9 1.4 3.3 4.1 1.1 5.5
1973 1.1 3.6 0.2 0.1 0.0 1.7 0.2 1.3 0.2 0.3 9.2 04
1974 5.0 4.0 3.7 0.3 0.0 0.0 0.1 0.3 0.8 0.9 1.1 1.3
1975 0.0 0.3 0.7 2.5 0.2 0.8 1.3 1.8 2.2 2.8 0.5 3.1
1976 1.3 1.0 3.3 0.3 1.2 0.1 1.4 2.2 1.0 04 0.9 0.6
1977 0.1 0.6 0.5 0.0 0.2 1.4 0.6 0.9 1.0 3.0 1.6 0.7
1978 3.8 6.3 4.3 0.5 2.5 1.4 24 0.5 0.1 0.0 0.1 0.0
1979 0.1 0.3 0.2 0.1 0.1 0.1 3.0 0.4 0.0 0.2 0.1 1.5
1980 0.1 0.0 0.0 0.1 0.2 0.0 0.1 0.6 0.7 0.0 0.1 0.0
1981 1.3 0.0 6.1 0.3 0.1 0.6 1.1 0.1 0.1 0.3 0.1 0.1
1982 0.0 0.4 0.0 0.5 1.0 2.6 2.8 4.3 4.5 3.7 5.6 4.2

171




1983 12.6 15.2 7.2 0.5 0.7 1.0 24 2.2 0.0 0.0 0.9 1.5

1984 0.7 1.2 0.5 0.5 0.0 0.8 0.1 0.2 0.0 0.5 0.3 4.7

1985 1.6 1.0 1.8 3.5 2.2 0.1 0.6 0.1 0.1 0.0 01 0.1

1986 24 0.3 1.0 0.0 0.5 1.7 0.0 0.4 0.1 0.1 0.3 6.0

1987 0.7 1.0 10.7 4.5 2.9 0.6 3.5 2.8 2.6 04 0.0 0.3

1988 2.4 0.1 04 0.5 0.0 2.6 0.0 0.0 1.7 2.2 1.8 0.6

1989 0.7 0.2 0.0 3.1 0.6 0.3 0.5 0.4 0.0 04 0.0 2.7

1990 04 13.0 0.8 0.1 0.3 0.0 0.0 0.8 2.0 0.1 0.1 0.2

1991 0.0 0.0 4.3 0.3 2.9 1.0 0.3 1.9 2.0 0.3 1.9 1.5

1992 14.9 1.7 9.5 2.6 0.0 0.0 4.3 0.0 0.5 04 0.6 0.0

1993 0.3 0.0 7.2 4.1 2.3 2.6 04 6.1 2.3 2.1 0.1 0.1

1994 0.2 0.0 3.9 2.0 1.2 04 1.6 5.2 2.6 1.8 1.1 4.2

1995 0.6 2.0 0.0 0.1 0.5 0.5 0.0 0.3 0.0 0.1 0.0 0.1

1996 0.3 0.0 0.0 0.1 1.7 0.0 0.1 0.1 2.5 0.8 0.1 2.8

1997 1.1 2.5 1.4 6.4 1.0 5.8 21 6.1 7.9 8.0 71 1.8

1998 2.4 14.5 6.6 3.0 0.4 0.0 0.1 0.0 0.1 0.9 2.0 1.8

1999 1.8 0.0 1.3 0.5 1.5 0.6 0.1 1.9 0.3 0.1 0.5 04

2000 0.2 0.0 0.0 0.6 0.7 1.4 0.1 0.2 0.0 2.2 5.0 5.6

2001 0.9 8.4 0.2 0.0 1.7 0.0 0.3 04 0.0 04 0.1 0.2

2002 0.9 0.0 2.8 04 1.5 0.6 3.1 1.1 1.2 0.0 1.1 3.4

Step 4. Standardized Darwin Sea Level Pressure Anomaly

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1882 0.2 -0.1 0.1 -0.9 -1.5 0.0 0.3 0.6 -0.1 -1.2 0.8 -1.5
1883 1.1 0.2 1.8 -1.0 -0.4 0.1 0.2 -0.9 0.0 -0.4 -1.5 -0.4
1884 1.1 1.2 0.1 1.6 0.3 0.1 0.4 0.0 0.1 0.3 0.3 0.1
1885 1.1 0.0 1.0 1.1 1.8 1.1 1.3 0.6 1.2 2.0 24 -0.3
1886 1.6 -0.6 1.0 -0.1 -0.6 0.0 -141 -1.5 -1.2 -0.9 -0.6 -2.8
1887 -0.6 -1.6 -0.3 -0.8 -0.1 0.2 0.8 0.0 0.2 0.4 0.7 0.7
1888 -0.7 0.5 2.3 1.0 0.3 0.8 0.9 0.8 0.7 1.4 1.2 1.5
1889 2.7 2.0 2.8 0.7 0.2 -1.2 0.0 04 -1.0 -0.4 -2.9 -2.8
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1890 -2.1 -0.1 -0.6 -0.8 -0.1 -1.0 -0.2 -0.4 -1.3 -0.9 0.5 0.2
1891 -0.9 0.4 1.8 0.6 1.3 0.8 1.4 2.1 1.8 0.8 1.4 1.6
1892 0.3 1.7 -1.5 0.4 0.8 -0.4 0.2 -0.4 -0.7 -1.4 -0.7 -0.1
1896 0.0 -0.2 0.4 -0.2 2.8 1.0 0.7 2.2 1.7 23 1.4 23
1897 1.4 0.9 24 1.4 1.8 0.3 0.9 0.4 -0.2 0.1 0.4 -1.6
1898 -0.1 -1.2 -3.4 -0.2 0.6 -0.2 0.3 -0.1 -1.2 -1.0 -1.8 -1.41
1899 -0.7 0.9 -1.2 -0.1 0.5 0.7 0.7 0.2 0.6 1.2 1.1 0.8
1900 1.5 1.7 2.5 1.4 0.6 -0.3 -0.7 -1.4 -0.5 0.0 0.4 1.1
1901 0.3 0.4 0.0 0.4 0.6 -0.1 0.4 0.5 0.9 -0.1 1.2 0.1
1902 -04 1.7 0.7 0.9 1.9 0.8 1.2 0.8 1.5 1.6 2.2 1.1
1903 1.8 2.2 -1.5 -0.4 0.1 0.5 -1.2 0.2 -0.7 -0.6 -0.3 -1.9
1904 -0.3 -0.9 -0.3 -1.8 -0.1 1.0 0.5 0.6 0.1 -0.7 1.4 0.6
1905 1.5 1.5 3.3 1.3 0.2 0.4 0.9 1.0 -0.1 -0.3 2.1 1.3
1906 0.3 0.8 1.2 0.6 0.2 -0.2 -0.8 -0.1 -1.4 -0.8 -1.5 -0.5
1909 -0.6 1.2 -1.6 0.3 -0.4 -0.7 -0.7 -0.7 -0.7 -1.0 -0.4 -0.6
1910 -1.8 -1.4 -0.6 -1.2 0.2 -1.2 -1.0 -0.8 -1.3 0.0 -1.6 -1.6
1911 -0.7 -0.8 04 -0.8 0.9 1.7 0.7 0.8 0.2 1.4 1.2 0.3
1912 1.4 2.6 0.7 23 1.5 0.1 -0.8 0.7 -0.7 0.4 0.1 1.3
1913 -0.2 0.6 -0.5 0.2 1.5 1.0 1.1 0.4 1.4 1.3 1.4 0.8
1916 -1.0 -0.5 0.2 0.4 -1.0 -1.9 -1.6 -0.3 -1.1 -1.6 -1.0 -3.0
1917 -0.1 0.9 -1.6 -0.9 -0.4 -1.2 -1.8 -1.7 -1.5 -0.9 -1.3 -2.2
1918 -0.7 -1.0 1.5 -0.4 -0.2 0.1 1.2 0.9 2.2 0.6 0.5 0.7
1919 1.0 24 1.1 0.0 0.0 0.6 0.4 1.1 0.4 0.6 1.1 0.8
1920 -1.1 0.5 1.5 -0.5 -0.1 -2.1 -1.6 -0.6 -0.9 -0.4 -0.3 -1.8
1921 -1.3 0.1 -0.7 0.6 -0.9 -1.7 -0.7 0.5 0.1 -0.2 0.2 -1.41
1922 -0.7 -1.3 -0.6 0.0 -0.3 -0.7 -0.2 0.3 -0.4 0.0 0.0 -1.1
1923 -1.1 0.1 -1.0 -1.3 -0.7 -0.7 1.1 2.0 0.5 0.8 0.8 -0.3
1924 1.2 0.4 -0.1 0.0 -0.4 0.0 0.4 0.2 0.1 -1.41 -0.7 -1.5
1925 -0.8 -2.5 -2.2 -1.5 -04 -0.2 1.1 0.2 0.9 1.0 1.6 1.0
1926 0.3 2.1 2.0 0.8 0.2 0.5 0.1 0.3 -0.5 -0.8 0.8 -0.8
1927 -1.1 0.5 -0.6 -0.8 -0.2 -0.5 -0.4 0.7 0.5 0.6 0.8 -0.2
1928 2.0 -0.6 -0.9 -0.4 1.0 0.5 -0.1 0.6 -0.2 -1.3 0.9 -1.0
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1929 -3.1 -2.1 0.0 0.1 1.0 1.1 0.9 0.6 0.6 0.2 -0.7 -1.0
1930 -1.4 0.2 0.8 0.6 1.1 0.6 0.7 1.0 1.3 1.1 2.1 0.6
1933 0.6 -0.9 -0.7 0.1 0.3 0.2 0.2 0.7 -0.2 -0.8 -0.6 -0.9
1934 -0.3 0.9 -0.4 -0.6 0.5 -0.6 -0.3 1.0 0.3 0.3 -0.1 0.1
1935 -0.8 1.0 -1.4 0.0 1.1 0.5 -0.1 0.9 -1.1 -0.9 0.5 0.8
1936 0.5 0.5 0.2 -0.3 -0.8 0.3 -0.3 -0.5 -0.3 0.1 0.7 -0.5
1937 -1.0 1.4 -1.4 -0.2 1.1 -0.1 0.6 0.0 0.6 0.3 -0.4 -0.8
1938 -1.0 -0.8 0.6 -0.4 -1.1 -0.9 -1.0 -0.9 -0.2 0.1 -0.9 -0.5
1939 -1.4 -0.5 -0.9 -0.3 0.3 0.1 0.0 -1.0 1.4 1.0 0.5 1.9
1940 -0.5 0.1 1.3 1.3 1.3 1.7 1.5 1.5 2.2 3.2 0.9 2.6
1941 1.6 3.3 1.3 1.2 0.3 1.4 2.6 1.9 0.8 1.3 0.5 1.5
1942 2.2 -0.1 1.2 0.9 -1.41 -0.5 0.4 -0.5 -0.8 -1.41 -0.4 -0.6
1943 0.1 -1.5 0.0 -0.6 -0.1 0.8 -0.2 -0.6 -0.8 -0.9 -0.3 04
1944 1.0 0.3 0.2 0.8 0.7 0.8 1.2 0.9 0.5 0.7 0.3 -1.0
1945 0.3 0.0 -1.6 0.9 0.4 -0.5 0.6 -0.4 0.0 0.5 0.6 -0.1
1946 0.1 -0.9 1.2 1.0 0.7 0.9 1.0 0.8 0.8 1.2 0.5 0.0
1947 1.3 -0.1 -0.4 0.2 1.5 0.3 0.4 -1.0 -0.4 0.0 -0.5 -0.6
1948 1.1 0.1 0.2 -0.4 -0.1 0.4 -0.5 -0.4 0.3 -0.2 -1.41 0.4
1949 1.1 -0.8 -1.2 0.7 0.2 1.2 0.2 0.8 -0.1 -0.8 0.3 -2.1
1950 -1.5 -2.1 -0.9 -1.7 -1.0 -1.6 -0.7 -0.6 -0.2 -1.1 -2.2 -2.8
1951 -0.9 -1.3 -0.4 0.0 1.0 -1.1 0.5 0.6 0.6 0.8 0.8 1.6
1952 0.5 0.7 0.9 0.9 -0.6 0.2 0.2 0.0 0.2 -0.7 -1.0 1.1
1953 0.7 0.9 0.6 -0.5 2.2 0.2 1.1 0.4 1.3 0.2 0.7 0.8
1954 -1.3 0.9 0.3 -1.7 -0.8 0.0 -0.4 -0.8 0.0 0.1 0.4 -0.8
1955 2.0 -2.7 -0.7 -0.5 -1.5 -1.4 -1.1 -1.2 -1.0 -1.3 -1.41 0.3
1956 -1.4 -1.7 -0.5 -1.41 -1.8 -1.0 -1.6 -1.1 -0.5 -0.9 0.0 -1.7
1957 0.3 0.0 0.4 0.1 1.4 0.2 0.1 0.7 1.2 0.9 1.1 0.4
1958 2.2 0.7 0.7 -0.5 0.0 -0.7 -0.4 -1.0 -0.4 -1.0 0.4 1.0
1959 -0.1 23 -0.5 -0.5 -0.5 0.5 0.7 0.5 0.0 -0.1 -1.0 -1.2
1960 0.3 0.3 -0.3 -0.9 -0.9 0.2 -0.3 -0.1 -1.4 0.1 0.0 -0.1
1961 1.0 0.0 2.2 -0.2 0.2 0.5 0.3 0.6 0.2 -0.2 0.5 -0.6
1962 -1.1 1.0 1.0 0.4 -0.8 -0.8 -0.5 0.7 -0.8 -0.9 -0.6 0.0
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1963 -0.3 1.6 -0.7 -0.9 -0.6 1.0 0.7 -0.2 0.8 1.8 1.6 1.7
1964 1.1 0.7 -0.4 -0.3 -0.4 -0.5 -0.8 -0.5 -1.5 -1.1 -0.9 0.3
1965 0.1 -0.7 -0.5 1.8 0.3 1.7 2.7 1.1 1.4 1.8 1.7 -0.7
1966 1.3 0.3 1.2 0.5 1.4 1.0 0.1 0.0 0.2 0.7 0.2 0.3
1967 -1.2 -0.8 -0.2 1.3 0.1 0.2 0.0 0.2 0.8 0.2 0.2 0.5
1968 -2.1 -1.3 0.8 0.3 -1.4 -0.1 -0.1 0.1 0.3 0.4 1.1 0.0
1969 -0.4 -0.1 0.9 1.5 0.1 0.4 0.7 0.8 -0.1 0.9 0.4 -0.4
1970 1.9 0.8 -0.2 0.6 -0.3 -0.5 1.0 -0.6 -1.8 -1.9 -1.2 -2.1
1971 -0.4 -1.9 -1.4 -1.4 -0.5 0.7 -0.3 -0.9 -1.41 -1.41 -0.4 -1.5
1972 -0.4 -1.3 -0.7 1.2 2.8 0.5 1.0 1.2 1.8 2.0 1.1 23
1973 1.1 1.9 -0.4 -0.4 -0.1 -1.3 -0.4 -1.41 -0.5 -0.6 -3.0 -0.7
1974 -2.2 -2.0 -1.9 -0.6 0.1 0.1 -0.2 -0.5 -0.9 -1.0 -1.0 -1.2
1975 0.2 0.5 -0.8 -1.6 -0.5 -0.9 -1.41 -1.3 -1.5 -1.7 -0.7 -1.8
1976 -141 -1.0 -1.8 0.5 1.1 0.3 1.2 1.5 1.0 -0.7 -0.9 -0.8
1977 -0.3 -0.8 0.7 -0.1 0.4 1.2 0.8 1.0 1.0 1.7 1.3 0.8
1978 1.9 2.5 2.1 0.7 -1.6 -1.2 -1.5 -0.7 -0.3 0.1 0.4 0.1
1979 -0.2 0.5 0.5 0.3 0.3 0.3 -1.7 0.7 -0.2 0.4 0.4 1.2
1980 -0.3 -0.1 -0.2 0.3 0.4 0.2 0.4 0.8 0.8 0.1 0.4 0.0
1981 -1.1 -0.2 25 0.5 -0.4 -0.8 -1.0 -0.2 -04 0.5 -0.3 0.2
1982 0.1 0.6 0.1 0.7 1.0 1.6 1.7 2.1 2.1 1.9 24 2.0
1983 3.5 3.9 2.7 0.7 0.8 1.0 1.6 1.5 0.2 -0.1 1.0 1.2
1984 0.9 -1.1 0.7 0.7 0.2 0.9 0.4 -0.4 -0.1 0.7 0.6 -2.2
1985 1.3 -1.0 -1.3 -1.9 -1.5 0.3 0.8 -0.2 -0.4 0.1 -0.3 0.3
1986 -1.5 0.5 1.0 -0.1 0.7 -1.3 0.0 -0.6 0.3 0.3 0.6 24
1987 0.9 1.0 3.3 2.1 1.7 0.8 1.9 1.7 1.6 0.6 0.2 0.5
1988 1.6 0.3 -0.6 0.7 -0.1 1.6 0.0 -0.1 -1.3 -1.5 -1.3 -0.8
1989 -0.8 04 -0.1 -1.8 -0.8 0.5 -0.7 0.7 -0.2 -0.7 0.0 1.6
1990 0.7 3.6 0.9 0.3 -0.6 0.1 0.0 0.9 1.4 0.3 0.4 0.4
1991 0.1 0.1 2.1 0.5 1.7 1.0 0.6 1.4 1.4 0.5 1.4 1.2
1992 3.8 1.3 3.1 1.6 0.2 0.2 2.1 0.2 -0.7 0.6 0.8 0.0
1993 0.6 0.0 2.7 2.0 1.5 1.6 0.7 2.5 1.5 1.4 0.3 -0.3
1994 0.5 0.1 2.0 1.4 1.1 0.6 1.3 23 1.6 1.3 1.1 2.0

175




1995 0.8 1.4 -0.2 0.2 0.7 0.7 -0.1 0.6 0.1 -0.4 0.1 0.2
1996 -0.5 -0.2 0.0 -0.4 1.3 0.1 -0.3 -0.2 -1.6 -0.9 -0.3 -1.7
1997 1.1 -1.6 1.2 2.5 1.0 2.4 1.5 2.5 2.8 2.8 2.7 1.3
1998 1.6 3.8 2.6 1.7 0.6 -0.2 -0.2 0.1 -0.3 -1.0 -1.4 -1.4
1999 -1.3 -0.2 -1.1 -0.7 1.2 0.8 0.4 1.4 0.5 -0.3 -0.7 -0.7
2000 0.5 0.2 0.0 -0.8 0.8 1.2 0.3 -0.4 0.1 -1.5 -2.2 -2.4
2001 1.0 -2.9 0.5 0.0 1.3 -0.1 0.6 0.7 -0.1 -0.7 -0.3 0.4
2002 1.0 0.2 1.7 0.6 1.2 0.8 1.8 1.1 1.1 -0.1 1.1 1.8
Step 5. Tahiti Sea Level Pressure (1000mb subtracted) (http://www.cpc.ncep.noaa.gov/data/indices/)

YEAR JAN | FEB | MAR | APR | MAY JUN JUL AUG SEP OCT NOV DEC

1882 9.4 10.7 1123 11 12 11.9 10.9 10.8 11.7 12.6 12.8 11.2

1883 13.1 |1 95 8.4 12.6 | 13.9 14.1 12.3 13.7 12.8 13.8 10.8 7.3

1884 9.2 10.9 | 131 11.7 | 13 14.8 13.7 13.4 13.4 14.4 11.8 8.4

1885 8.4 11.3 | 134 12.8 | 14 12.9 14.4 13.4 14.9 12.5 11.7 11.6

1886 121 [ 106 |13 12 12.9 14 13.9 15 15.4 14.9 12.6 10.7

1887 12.7 | 11.6 | 12.9 12 11.9 14.3 15.2 14.9 154 14.9 11.6 12.6

1888 9.2 11.2 | 11.6 10 11.6 12.4 12.3 13.8 13.3 12.7 10.8 11.8

1889 8.1 12.7 |9 124 | 12.6 15.1 14.1 14.9 15 13.7 12.1 12.2

1890 12.8 | 13.3 | 134 12 12.9 134 13.1 13.4 14.4 13.3 12.4 11

1891 13.1 [ 10.6 | 11.3 13 13.8 14.2 14.2 15.2 14.5 14.5 12.3 11.4

1892 114 | 105 | 121 13 14.7 15.4 15.3 14.8

1896 118 | 12.7 | 116 114 | 11.2 11.6 12.3 141 13.7 13.7 12.2 11.2

1897 9.6 104 10.7 11 12 13.7 14.5 15 14.2 14 10.8 11.2

1898 12 11 11.5 12.8 | 12.9 13.1 15.1 15.5 14.7 13.3 10.3 10.5

1899 126 | 13.6 | 12.6 12 12.2 13.1 13.6 13 14.6 15.8 15.1 11

1900 10.7 | 11.3 | 9.1 10.9 | 12.2 16.3 14.7 14.1 11.1 10.6 11.1 10.9

1901 10.8 | 12 13.2 12.7 | 13.1 15.8 16.4 16.4 12.6 9.8 114 10.6

1902 13.8 | 12.2 | 14.2 13.5 | 155 14.7 15.1 13.8 12.9 13.9 13.2 11.4

1903 10.6 | 10.9 13 13.6 | 13.8 14 13.4 14.6 15 13.8 11.6 12
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1904 132 | 134 | 12.8 13.7 | 13.6 13.5 12.8 15 14.6 12.9 10.5 11.8
1905 10.3 | 8.8 9.2 8 8.1 10.2 11.6 14 13.1 12.2 11 94
1906 10.1 | 101 12.9 13.9 16.6 15.9 14.2 13.3 0
1909 9.7 1.7 |97 104 | 124 15.5 14.8 15.1 13.7 13.1 12.4 11.2
1910 10 12.9 | 131 11.1 1129 151 16 15.1 15.4 15.1 13 12.4
1911 10.5 | 10.7 | 124 11.1 | 125 13.6 12.5 13.3 13.1 12.9 11.6 10.7
1912 9.9 10 104 11.3 | 125 12.9 12.8 13.7 12.9 12.8 12.1 10.4
1913 9.8 106 |11 11.1 |1 131 13.9 14.6 134 14 13.3 11.3 10.2
1916 10.7 1 9.9 10.3 121 1123 12.8 16.1 16.4 13.9 13 12.2 10.6
1917 116 | 142 | 131 13.5 | 14.9 15 16.1 17.9 17.8 15.2 13.6 13
1918 129 | 135 [ 124 13.5 | 13.7 13.1 12.7 14.5 15.2 13.3 12.2 10
1919 8.4 11 10.1 115 | 115 12.8 12.8 14.1 13.9 12.4 11 9.8
1920 9.9 11 12 11.2 | 121 12.2 13.6 14.4 14.4 12.4 11.4 10.8
1921 11.8 | 124 13.6 13.8 15.1 15 13 11.2
1922 115 | 116 | 11.8 11.2 | 115 13.4 13.8 14.4 14.7 14.4 13 11.9
1923 10.7 | 11.9 [ 12 11.5 | 121 12.8 13.1 134 12.4 13.4 10.5 11
1924 10.8 | 116 [ 119 10 13.6 14.4 15.3 16.2 15.6 13.7 12.8 10.3
1925 11 116 | 11.8 119 |12 12.8 12.8 12.9 14.2 12.3 11.7 10.2
1926 8.1 8.4 9.4 10.1 | 10.9 11.6 121 11.8 12.5 11.8 11 9.5
1927 106 | 11.6 | 141 12 13.2 14.8 13.4 11.2 12.1
1928 10.8 | 126 | 129 129 | 13.2 13.1 13.8 16.4 15.6 13.9 12.8 12.2
1929 10.8 | 12.8 | 124 124 | 12 14.8 15.1 14.9 14.8 15 12.7 11
1930 11.8 | 126 [ 124 12.1 | 13.8 134 13.8 14.9 14.4 15.4 14 11
1933 8.9 11 10.4 12.3 | 13.6 13.2 14.4 14.8 14.6 13.3 12.1 11.5
1934 116 | 121 | 111 11.9 | 12.2 14.4 13.9 11.7 13.5 14.4 13.4 10.5
1935 11.2 | 111 [ 123 122 | 13 13.8 13.8 15.5 14.2 13.9 12.6 10.8
1936 10.8 | 115 [ 11.8 122 | 124 13.5 14.1 12.5 14.3 13.7 10.3 10.4
1937 115 | 113 [ 11.2 11.7 | 135 13.8 13.6 14.7 15 13.3 10.7 11.2
1938 111 [ 111 [ 114 11.9 | 131 14.9 15.7 15.2 15.5 15.8 11 13
1939 12.7 |12 12.5 12.6 | 12.7 13.5 15.1 13.1 14 12 10.8 10.9
1940 10.2 | 10.1 | 10.8 12 12 12.7 12.8 13 13.3 13.8 1.4 9.5
1941 10.2 | 11 10.7 11.6 | 12 13.1 13.2 13.2 13.7 11.5 10.7 10.6
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1942 10.2 | 101 | 11.5 12 12.1 14 14 14.4 14.9 13.8 10.6 12.9
1943 127 | 11.7 [ 121 12.8 | 12.8 13.3 14 14.9 14.4 14.1 11.9 9.5

1944 9.9 121 | 126 11.9 | 131 13.8 13.6 15.7 15.2 12.8 10.9 10.6
1945 12 123 | 122 11.8 | 12.9 14 14.9 15.7 15.7 14.4 11.7 12

1946 10.2 | 11 12.2 11.6 | 11.8 13.2 13.2 14.4 12.4 12.7 11.9 9.7

1947 10.9 | 10 13.1 11.4 | 123 14.1 15.6 14.4 15.8 13.2 12.5 11.2
1948 11.1 | 105 [10.8 11.7 1 12.9 13.3 134 13.2 13.3 14.3 11.2 10.1
1949 10.2 | 106 | 11.2 126 | 12 13.2 13.7 14.4 14.5 13.6 11 10.2
1950 10.2 | 125 | 13.7 12 12.5 15.2 16.3 15.6 15.2 15.2 11.3 12.4
1951 125 | 11 10 10.8 | 11.9 12.2 12.2 14 12.9 12.3 11.1 11

1952 9.4 10.2 | 12.5 11.8 | 12.9 14.6 14.7 13.9 14.1 13.3 10.7 9.6

1953 11.8 | 10.6 | 10.9 1.2 | 11.2 134 14.7 12 13.3 13.6 11.9 10.7
1954 10.5 | 11 1.4 10.8 | 12.2 13.2 13.9 15 14.6 13.9 12.4 12.5
1955 1.7 114 | 1141 10.6 | 12.5 14 15.4 15.3 15.7 14.8 12.9 12.9
1956 116 | 11.9 | 126 11.9 | 12.9 14 14 14.9 13.9 15.7 12 11

1957 12 105 | 114 11.9 | 123 13.5 14.1 13.6 13.8 14.3 11 10.6
1958 9.4 104 | 11.8 115 | 11.2 12.8 13.9 14.5 13.3 12.4 11.3 10.6
1959 8.8 104 | 125 11.6 | 125 13.3 13.8 14.1 14.3 14.1 12.4 11.2
1960 111 [ 111 [ 12.2 11.9 | 12.2 13.4 14.2 15.2 141 13.6 12.7 12.1
1961 111 1123 |95 12.6 | 12.9 13.7 14.3 14.7 14.6 12.5 13.2 12.9
1962 13.1 | 111 [ 119 12.1 | 133 13.5 13.2 15.7 14.3 14.2 11.7 11.1
1963 122 | 133 [ 12 119 | 122 13.1 14.1 13.6 14 12.9 11.8 10.2
1964 11 1.4 123 13.1 | 121 13.9 13.8 16.1 15.1 14.6 11.1 10.5
1965 9.9 10.7 | 115 122 | 127 13.7 13 13.7 13.3 13.5 10.7 10.4
1966 9.4 10.5 | 10.1 11.5 | 12.8 14.6 13.8 15 14.1 13.8 11.9 10.4
1967 125 | 129 [ 127 126 | 12.2 14.4 13.9 154 16 13.6 11.1 10.2
1968 9.4 1.7 | 116 11.7 | 13 14.9 14.7 14.4 14.1 13.6 12.2 11.1
1969 7.4 9.5 12.3 122 | 11.8 13.8 134 14.4 12.4 12.5 12 11.1
1970 105 | 9.5 11.5 11.8 | 12,5 14.3 13.9 14.3 14.6 13.3 13.4 12.2
1971 10.8 | 124 | 13.5 13.1 | 13.2 14.5 13.7 15.7 15.8 15.3 12.3 9.7

1972 11 1.3 [ 111 123 | 12 12.5 11.9 14.1 13.6 13.7 12.2 10.7
1973 11.1 110 11.5 11.1 1128 13.7 14.3 15.1 16 14.1 13.5 13.4
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1974 12.8 | 124 [ 13.2 125 | 14 13.9 15.5 14.8 15.4 14 10.5 9.9
1975 9.8 126 | 12.7 119 | 12.8 14.5 16 16.2 16.6 14.7 13.2 12.8
1976 12 12.7 |12 124 | 13.9 13.8 13.2 13.9 13.2 13.4 12.1 9.3
1977 9.5 12.1 | 10.3 10.5 | 11.6 12.5 12.3 13.4 13.8 13.1 10.7 9.6
1978 12 8.2 12.4 115 | 13 13 13.1 13.9 14.1 12.7 12.1 10.7
1979 9.6 129 | 113 11.4 | 13.3 14.5 14.3 14.2 14.3 13.5 11.3 10.6
1980 11 111 |1 9.6 10.5 | 125 13.2 13.9 15.3 14.2 13.4 11.5 10.6
1981 10.1 | 10.1 | 10.8 116 | 13.2 14.5 14.1 14.9 14.5 13.1 11.7 11.9
1982 129 | 11.7 [ 11.8 122 | 125 12.7 12.5 12.7 13.2 12.1 9.3 8.6
1983 7.7 7.8 8.9 104 | 14 14.1 14.1 15.6 16.1 14 12.5 12
1984 11.8 | 111 [ 10.9 12.7 | 12.7 13.3 14.3 14.2 14.4 13.4 12.8 8.3
1985 11.3 | 11.9 |10.7 116 | 114 12.6 14.2 15.4 13.9 12.7 11.1 11.5
1986 10.8 | 9.2 12.5 11.8 | 124 13.5 14.1 12.5 13.7 14.8 10.1 10.5
1987 10.2 193 11.6 109 | 115 11.8 13 13.8 14 13.2 11.9 10.4
1988 12 102 | 11.2 12.3 | 13.7 14.8 15.5 16.5 16.3 14.4 13.5 12.2
1989 126 | 13.3 | 125 12.5 | 13.6 14.9 14.5 14 15 14 11.3 11.4
1990 11.1 [ 10.9 | 10.7 12 13.7 13.7 14.6 14.4 14.4 14.1 11.2 10.7
1991 118 | 11.2 | 11.5 10.7 | 11.9 13.8 14.2 14.5 12.9 11.9 11.9 8.7
1992 9.2 10.3 |10 11.1 1 12.8 12.1 14.6 14.7 13.7 11.3 11.3 9.7
1993 9.5 9.3 12.5 11.2 | 13 13.1 12.8 14.6 14.5 12.7 11.9 10.8
1994 108 | 11.2 | 114 104 | 12 12.8 12.4 13.9 13 12.5 11.8 10.5
1995 106 | 11.8 | 11.8 10.3 | 12.1 14 14.3 15 14.9 12.9 11.9 10
1996 119 [ 109 | 127 124 | 14 15.3 14.5 15 13.8 13.5 11.3 10.7
1997 126 | 122 | 11 12.8 | 10.7 12.9 13.7 13.7 14.5 13.4 12.2 10.3
1998 7.2 10.7 |87 104 | 13.2 14.6 15.6 16.1 15.9 14.3 12.2 11.9
1999 126 [ 122 | 11.9 13.2 | 13.8 14.3 15 15.9 14.7 14.8 12.9 12.7
2000 12.3 [ 139 | 131 12.8 | 13.6 13.9 13.5 14.7 16 13.8 12.9 9.8
2001 13.4 | 10.8 | 12.8 11.7 | 125 13.5 13.8 13.7 14.5 12.5 12.7 9.6
2002 124 1128 [ 119 11.8 | 11.8 13.4 14.5 13.1 14.3 12.5 12 10.5
Average(1951-

1980)= 10.8 | 11.2 | 11.6 11.8 | 12.5 13.7 13.9 14.5 14.3 13.7 11.9 11.0
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Step 6. Tahiti Sea Level Pressure Anamoly (base period 1951-1980)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1882 -1.4 -0.5 0.7 -0.8 -0.5 -1.8 -3.0 -3.7 -2.6 -1.1 0.9 0.2
1883 2.3 -1.7 -3.2 0.8 1.4 0.4 -1.6 -0.8 -1.5 0.1 -1.41 -3.7
1884 -1.6 -0.3 1.5 -0.1 0.5 1.1 -0.2 -1.41 -0.9 0.7 -0.1 -2.6
1885 -2.4 0.1 1.8 1.0 1.5 -0.8 0.5 -1.1 0.6 -1.2 -0.2 0.6
1886 1.3 -0.6 1.4 0.2 0.4 0.3 0.0 0.5 1.1 1.2 0.7 -0.3
1887 1.9 0.4 1.3 0.2 -0.6 0.6 1.3 0.4 1.1 1.2 -0.3 1.6
1888 -1.6 0.0 0.0 -1.8 -0.9 -1.3 -1.6 -0.7 -1.0 -1.0 -1.41 0.8
1889 -2.7 1.5 -2.6 0.6 0.1 1.4 0.2 0.4 0.7 0.0 0.2 1.2
1890 2.0 2.1 1.8 0.2 0.4 -0.3 -0.8 -1.1 0.1 -0.4 0.5 0.0
1891 2.3 -0.6 -0.3 1.2 1.3 0.5 0.3 0.7 0.2 0.8 0.4 0.4
1892 0.6 -0.7 0.5 1.2 2.2 1.7 1.4 0.3 -14.3 -13.7 -11.9 -11.0
1896 1.0 1.5 0.0 -0.4 -1.3 -2.1 -1.6 -0.4 -0.6 0.0 0.3 0.2
1897 -1.2 -0.8 -0.9 -0.8 -0.5 0.0 0.6 0.5 -0.1 0.3 -1.1 0.2
1898 1.2 -0.2 -0.1 1.0 0.4 -0.6 1.2 1.0 0.4 -0.4 -1.6 -0.5
1899 1.8 24 1.0 0.2 -0.3 -0.6 -0.3 -1.5 0.3 2.1 3.2 0.0
1900 -0.1 0.1 -2.5 -0.9 -0.3 2.6 0.8 -0.4 -3.2 -3.1 -0.8 -0.1
1901 0.0 0.8 1.6 0.9 0.6 2.1 2.5 1.9 -1.7 -3.9 -0.5 -0.4
1902 3.0 1.0 2.6 1.7 3.0 1.0 1.2 -0.7 -1.4 0.2 1.3 0.4
1903 -0.2 -0.3 1.4 1.8 1.3 0.3 -0.5 0.1 0.7 0.1 -0.3 1.0
1904 24 2.2 1.2 1.9 1.1 -0.2 -1.41 0.5 0.3 -0.8 -1.4 0.8
1905 -0.5 -2.4 -2.4 -3.8 -4.4 -3.5 -2.3 -0.5 -1.2 -1.5 -0.9 -1.6
1906 -0.7 -141 -11.6 -11.8 -12.5 -0.8 0.0 2.1 1.6 0.5 1.4 -11.0
1909 -1.1 0.5 -1.9 -1.4 -0.1 1.8 0.9 0.6 -0.6 -0.6 0.5 0.2
1910 -0.8 1.7 1.5 -0.7 0.4 1.4 2.1 0.6 1.1 1.4 1.1 1.4
1911 -0.3 -0.5 0.8 -0.7 0.0 -0.1 -1.4 -1.2 -1.2 -0.8 -0.3 -0.3
1912 -0.9 -1.2 -1.2 -0.5 0.0 -0.8 -1.41 -0.8 -1.4 -0.9 0.2 -0.6
1913 -1.0 -0.6 -0.6 -0.7 0.6 0.2 0.7 -1.41 -0.3 -0.4 -0.6 -0.8
1916 -0.1 -1.3 -1.3 0.3 -0.2 -0.9 2.2 1.9 -0.4 -0.7 0.3 -0.4
1917 0.8 3.0 1.5 1.7 24 1.3 2.2 3.4 3.5 1.5 1.7 2.0
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1918 2.1 2.3 0.8 1.7 1.2 -0.6 -1.2 0.0 0.9 -0.4 0.3 -1.0
1919 -2.4 -0.2 -1.5 -0.3 -1.0 -0.9 -1.1 -0.4 -0.4 -1.3 -0.9 -1.2
1920 -0.9 -0.2 0.4 -0.6 -0.4 -1.5 -0.3 -0.1 0.1 -1.3 -0.5 -0.2
1921 1.0 1.2 -11.6 -11.8 -12.5 -13.7 -0.3 -0.7 0.8 1.3 1.1 0.2
1922 0.7 0.4 0.2 -0.6 -1.0 -0.3 -0.1 -0.1 0.4 0.7 1.1 0.9
1923 -0.1 0.7 0.4 -0.3 -0.4 -0.9 -0.8 -1.41 -1.9 -0.3 -1.4 0.0
1924 0.0 0.4 0.3 -1.8 1.1 0.7 1.4 1.7 1.3 0.0 0.9 -0.7
1925 0.2 0.4 0.2 0.1 -0.5 -0.9 -1.41 -1.6 -0.1 -1.4 -0.2 -0.8
1926 -2.7 -2.8 -2.2 -1.7 -1.6 -2.1 -1.8 -2.7 -1.8 -1.9 -0.9 -1.5
1927 -0.2 0.4 25 0.2 0.7 -13.7 -13.9 -14.5 0.5 -0.3 -0.7 1.1
1928 0.0 1.4 1.3 1.1 0.7 -0.6 -0.1 1.9 1.3 0.2 0.9 1.2
1929 0.0 1.6 0.8 0.6 -0.5 1.1 1.2 0.4 0.5 1.3 0.8 0.0
1930 1.0 1.4 0.8 0.3 1.3 -0.3 -0.1 0.4 0.1 1.7 2.1 0.0
1933 -1.9 -0.2 -1.2 0.5 1.1 -0.5 0.5 0.3 0.3 -0.4 0.2 0.5
1934 0.8 0.9 -0.5 0.1 -0.3 0.7 0.0 -2.8 -0.8 0.7 1.5 -0.5
1935 0.4 -0.1 0.7 0.4 0.5 0.1 -0.1 1.0 -0.1 0.2 0.7 -0.2
1936 0.0 0.3 0.2 0.4 -0.1 -0.2 0.2 -2.0 0.0 0.0 -1.6 -0.6
1937 0.7 0.1 -0.4 -0.1 1.0 0.1 -0.3 0.2 0.7 -0.4 -1.2 0.2
1938 0.3 -0.1 -0.2 0.1 0.6 1.2 1.8 0.7 1.2 2.1 -0.9 2.0
1939 1.9 0.8 0.9 0.8 0.2 -0.2 1.2 -14 -0.3 -1.7 -1.1 -0.1
1940 -0.6 -1.1 -0.8 0.2 -0.5 -1.0 -1.1 -1.5 -1.0 0.1 -0.5 -1.5
1941 -0.6 -0.2 -0.9 -0.2 -0.5 -0.6 -0.7 -1.3 -0.6 -2.2 -1.2 -0.4
1942 -0.6 -141 -0.1 0.2 -0.4 0.3 0.1 -0.1 0.6 0.1 -1.3 1.9
1943 1.9 0.5 0.5 1.0 0.3 -04 0.1 0.4 0.1 0.4 0.0 -1.5
1944 -0.9 0.9 1.0 0.1 0.6 0.1 -0.3 1.2 0.9 -0.9 -1.0 -0.4
1945 1.2 1.1 0.6 0.0 0.4 0.3 1.0 1.2 1.4 0.7 -0.2 1.0
1946 -0.6 -0.2 0.6 -0.2 -0.7 -0.5 -0.7 -0.1 -1.9 -1.0 0.0 -1.3
1947 0.1 -1.2 1.5 -0.4 -0.2 04 1.7 -0.1 1.5 -0.5 0.6 0.2
1948 0.3 -0.7 -0.8 -0.1 0.4 -04 -0.5 -1.3 -1.0 0.6 -0.7 -0.9
1949 -0.6 -0.6 -0.4 0.8 -0.5 -0.5 -0.2 -0.1 0.2 -0.1 -0.9 -0.8
1950 -0.6 1.3 2.1 0.2 0.0 1.5 24 1.1 0.9 1.5 -0.6 1.4
1951 1.7 -0.2 -1.6 -1.0 -0.6 -1.5 -1.7 -0.5 -1.4 -1.4 -0.8 0.0
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1952 -1.4 -1.0 0.9 0.0 0.4 0.9 0.8 -0.6 -0.2 -0.4 -1.2 -1.4
1953 1.0 -0.6 -0.7 -0.6 -1.3 -0.3 0.8 -2.5 -1.0 -0.1 0.0 -0.3
1954 -0.3 -0.2 -0.2 -1.0 -0.3 -0.5 0.0 0.5 0.3 0.2 0.5 1.5
1955 0.9 0.2 -0.5 -1.2 0.0 0.3 1.5 0.8 1.4 1.1 1.0 1.9
1956 0.8 0.7 1.0 0.1 0.4 0.3 0.1 0.4 -0.4 2.0 0.1 0.0
1957 1.2 -0.7 -0.2 0.1 -0.2 -0.2 0.2 -0.9 -0.5 0.6 -0.9 -0.4
1958 -1.4 -0.8 0.2 -0.3 -1.3 -0.9 0.0 0.0 -1.0 -1.3 -0.6 -0.4
1959 -2.0 -0.8 0.9 -0.2 0.0 -0.4 -0.1 -0.4 0.0 0.4 0.5 0.2
1960 0.3 -0.1 0.6 0.1 -0.3 -0.3 0.3 0.7 -0.2 -0.1 0.8 1.1
1961 0.3 1.1 -2.1 0.8 0.4 0.0 0.4 0.2 0.3 -1.2 1.3 1.9
1962 2.3 -0.1 0.3 0.3 0.8 -0.2 -0.7 1.2 0.0 0.5 -0.2 0.1
1963 1.4 2.1 0.4 0.1 -0.3 -0.6 0.2 -0.9 -0.3 -0.8 -0.1 -0.8
1964 0.2 0.2 0.7 1.3 -0.4 0.2 -0.1 1.6 0.8 0.9 -0.8 -0.5
1965 -0.9 -0.5 -0.1 0.4 0.2 0.0 -0.9 -0.8 -1.0 -0.2 -1.2 -0.6
1966 -1.4 -0.7 -1.5 -0.3 0.3 0.9 -0.1 0.5 -0.2 0.1 0.0 -0.6
1967 1.7 1.7 1.1 0.8 -0.3 0.7 0.0 0.9 1.7 -0.1 -0.8 -0.8
1968 -1.4 0.5 0.0 -0.1 0.5 1.2 0.8 -0.1 -0.2 -0.1 0.3 0.1
1969 -3.4 -1.7 0.7 04 -0.7 0.1 -0.5 -0.1 -1.9 -1.2 0.1 0.1
1970 -0.3 -1.7 -0.1 0.0 0.0 0.6 0.0 -0.2 0.3 -0.4 1.5 1.2
1971 0.0 1.2 1.9 1.3 0.7 0.8 -0.2 1.2 1.5 1.6 0.4 -1.3
1972 0.2 0.1 -0.5 0.5 -0.5 -1.2 -2.0 -0.4 -0.7 0.0 0.3 -0.3
1973 0.3 -1.2 -0.1 -0.7 0.3 0.0 0.4 0.6 1.7 0.4 1.6 24
1974 2.0 1.2 1.6 0.7 1.5 0.2 1.6 0.3 1.1 0.3 -1.4 -1.41
1975 -1.0 1.4 1.1 0.1 0.3 0.8 2.1 1.7 23 1.0 1.3 1.8
1976 1.2 1.5 0.4 0.6 1.4 0.1 -0.7 -0.6 -1.1 -0.3 0.2 -1.7
1977 -1.3 0.9 -1.3 -1.3 -0.9 -1.2 -1.6 -1.41 -0.5 -0.6 -1.2 -1.4
1978 1.2 -3.0 0.8 -0.3 0.5 -0.7 -0.8 -0.6 -0.2 -1.0 0.2 -0.3
1979 -1.2 1.7 -0.3 -0.4 0.8 0.8 0.4 -0.3 0.0 -0.2 -0.6 -0.4
1980 0.2 -0.1 -2.0 -1.3 0.0 -0.5 0.0 0.8 -0.1 -0.3 -0.4 -0.4
1981 -0.7 -1.41 -0.8 -0.2 0.7 0.8 0.2 0.4 0.2 -0.6 -0.2 0.9
1982 2.1 0.5 0.2 0.4 0.0 -1.0 -14 -1.8 -1.41 -1.6 -2.6 -2.4
1983 -3.1 -3.4 -2.7 -1.4 1.5 04 0.2 1.1 1.8 0.3 0.6 1.0
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1984 1.0 -0.1 -0.7 0.9 0.2 -0.4 0.4 -0.3 0.1 -0.3 0.9 -2.7
1985 0.5 0.7 -0.9 -0.2 -1.1 -1.1 0.3 0.9 -0.4 -1.0 -0.8 0.5
1986 0.0 -2.0 0.9 0.0 -0.1 -0.2 0.2 -2.0 -0.6 1.1 -1.8 -0.5
1987 -0.6 -1.9 0.0 -0.9 -1.0 -1.9 -0.9 -0.7 -0.3 -0.5 0.0 -0.6
1988 1.2 -1.0 -0.4 0.5 1.2 1.1 1.6 2.0 2.0 0.7 1.6 1.2
1989 1.8 2.1 0.9 0.7 1.1 1.2 0.6 -0.5 0.7 0.3 -0.6 0.4
1990 0.3 -0.3 -0.9 0.2 1.2 0.0 0.7 -0.1 0.1 04 -0.7 -0.3
1991 1.0 0.0 -0.1 -1.1 -0.6 0.1 0.3 0.0 -1.4 -1.8 0.0 -2.3
1992 -1.6 -0.9 -1.6 -0.7 0.3 -1.6 0.7 0.2 -0.6 -2.4 -0.6 -1.3
1993 -1.3 -1.9 0.9 -0.6 0.5 -0.6 -141 0.1 0.2 -1.0 0.0 -0.2
1994 0.0 0.0 -0.2 -1.4 -0.5 -0.9 -1.5 -0.6 -1.3 -1.2 -0.1 -0.5
1995 -0.2 0.6 0.2 -1.5 -0.4 0.3 0.4 0.5 0.6 -0.8 0.0 -1.0
1996 1.1 -0.3 1.1 0.6 1.5 1.6 0.6 0.5 -0.5 -0.2 -0.6 -0.3
1997 1.8 1.0 -0.6 1.0 -1.8 -0.8 -0.2 -0.8 0.2 -0.3 0.3 -0.7
1998 -3.6 -0.5 -2.9 -14 0.7 0.9 1.7 1.6 1.6 0.6 0.3 0.9
1999 1.8 1.0 0.3 14 1.3 0.6 1.1 14 0.4 1.1 1.0 1.7
2000 1.5 2.7 1.5 1.0 1.1 0.2 -0.4 0.2 1.7 0.1 1.0 -1.2
2001 2.6 -0.4 1.2 -0.1 0.0 -0.2 -0.1 -0.8 0.2 -1.2 0.8 -1.4
2002 1.6 1.6 0.3 0.0 -0.7 -0.3 0.6 -1.4 0.0 -1.2 0.1 -0.5
Step 7. Squared Tahiti Sea Level Pressure Anomaly (base period 1951-1980)

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1882 2.0 0.3 04 0.6 0.3 3.2 9.0 14.0 6.8 1.2 0.8 0.0

1883 5.2 3.0 10.5 0.7 1.8 0.2 2.6 0.7 2.3 0.0 1.2 13.6

1884 2.7 0.1 2.1 0.0 0.2 1.3 0.0 1.3 0.8 0.5 0.0 6.7

1885 5.9 0.0 3.1 1.1 2.1 0.6 0.2 1.3 0.3 1.4 0.0 04

1886 1.6 0.4 1.8 0.1 0.1 0.1 0.0 0.2 1.2 1.5 0.5 0.1

1887 3.5 0.1 1.6 0.1 0.4 04 1.7 0.1 1.2 1.5 0.1 2.6

1888 2.7 0.0 0.0 3.1 0.9 1.6 2.6 0.6 1.0 1.0 1.2 0.7

1889 7.5 2.1 7.0 04 0.0 2.0 0.0 0.1 0.5 0.0 0.0 1.5
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1890 3.9 4.3 3.1 0.1 0.1 0.1 0.7 1.3 0.0 0.1 0.3 0.0
1891 5.2 0.4 0.1 1.5 1.6 0.3 0.1 0.4 0.0 0.7 0.2 0.2
1892 0.3 0.5 0.2 1.5 4.6 3.0 1.9 0.1 205.0 | 18741 141.5 120.7
1896 0.9 2.1 0.0 0.1 1.8 4.3 2.6 0.2 04 0.0 0.1 0.0
1897 1.5 0.7 0.9 0.6 0.3 0.0 0.4 0.2 0.0 0.1 1.2 0.0
1898 1.4 0.1 0.0 1.1 0.1 0.3 1.4 0.9 0.1 0.1 2.5 0.2
1899 3.1 5.6 0.9 0.1 0.1 0.3 0.1 24 0.1 4.5 10.3 0.0
1900 0.0 0.0 6.5 0.7 0.1 6.9 0.6 0.2 10.3 9.5 0.6 0.0
1901 0.0 0.6 24 0.9 0.3 4.5 6.2 34 2.9 15.1 0.2 0.1
1902 8.8 0.9 6.5 3.0 8.7 1.0 1.4 0.6 2.0 0.0 1.7 0.2
1903 0.1 0.1 1.8 3.4 1.6 0.1 0.3 0.0 0.5 0.0 0.1 1.0
1904 5.6 4.7 1.3 3.8 1.1 0.0 1.2 0.2 0.1 0.6 2.0 0.7
1905 0.3 5.9 6.0 14.2 19.8 12.1 5.3 0.3 1.5 2.2 0.8 2.5
1906 0.5 1.3 1356 | 1384 | 1574 | 0.6 0.0 4.2 2.5 0.3 2.0 120.7
1909 1.3 0.2 3.8 1.9 0.0 3.3 0.8 0.3 04 0.3 0.3 0.0
1910 0.7 2.8 2.1 04 0.1 2.0 4.4 0.3 1.2 2.0 1.2 2.0
1911 0.1 0.3 0.6 04 0.0 0.0 2.0 1.6 1.5 0.6 0.1 0.1
1912 0.9 1.5 1.6 0.2 0.0 0.6 1.2 0.7 2.0 0.8 0.0 0.3
1913 1.1 0.4 0.4 0.4 0.3 0.0 0.5 1.3 0.1 0.1 0.4 0.6
1916 0.0 1.8 1.8 0.1 0.1 0.8 4.8 3.4 0.2 0.5 0.1 0.1
1917 0.6 8.8 2.1 3.0 5.5 1.7 4.8 1.2 12.1 23 29 4.1
1918 4.3 5.1 0.6 3.0 1.3 0.3 1.5 0.0 0.8 0.1 0.1 1.0
1919 5.9 0.1 24 0.1 1.1 0.8 1.2 0.2 0.2 1.6 0.8 1.4
1920 0.9 0.1 0.1 0.3 0.2 2.2 0.1 0.0 0.0 1.6 0.2 0.0
1921 0.9 1.4 1356 | 1384 | 1574 | 187.1 0.1 0.6 0.6 1.7 1.2 0.0
1922 0.4 0.1 0.0 0.3 1.1 0.1 0.0 0.0 0.1 0.5 1.2 0.8
1923 0.0 0.4 0.1 0.1 0.2 0.8 0.7 1.3 3.7 0.1 2.0 0.0
1924 0.0 0.1 0.1 3.1 1.1 0.5 1.9 2.7 1.6 0.0 0.8 0.5
1925 0.0 0.1 0.0 0.0 0.3 0.8 1.2 2.7 0.0 1.9 0.0 0.6
1926 7.5 8.0 5.0 2.8 2.7 4.3 3.3 7.5 3.3 3.5 0.8 2.2
1927 0.1 0.1 6.0 0.1 04 187.1 1934 [ 2116 |02 0.1 0.5 1.2
1928 0.0 1.9 1.6 1.3 04 0.3 0.0 34 1.6 0.0 0.8 1.5
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1929 0.0 24 0.6 04 0.3 1.3 1.4 0.1 0.2 1.7 0.6 0.0
1930 0.9 1.9 0.6 0.1 1.6 0.1 0.0 0.1 0.0 3.0 4.4 0.0
1933 3.7 0.1 1.6 0.3 1.1 0.2 0.2 0.1 0.1 0.1 0.0 0.3
1934 0.6 0.7 0.3 0.0 0.1 0.5 0.0 8.1 0.7 0.5 23 0.2
1935 0.1 0.0 0.4 0.2 0.2 0.0 0.0 0.9 0.0 0.0 0.5 0.0
1936 0.0 0.1 0.0 0.2 0.0 0.0 0.0 4.2 0.0 0.0 2.5 0.3
1937 0.4 0.0 0.2 0.0 0.9 0.0 0.1 0.0 0.5 0.1 1.4 0.0
1938 0.1 0.0 0.1 0.0 0.3 1.5 3.2 0.4 1.4 4.5 0.8 4.1
1939 3.5 0.6 0.7 0.7 0.0 0.0 1.4 2.1 0.1 2.8 1.2 0.0
1940 0.4 1.3 0.7 0.1 0.3 1.0 1.2 24 1.0 0.0 0.2 2.2
1941 0.4 0.1 0.9 0.0 0.3 0.3 0.5 1.8 04 4.8 1.4 0.1
1942 0.4 1.3 0.0 0.1 0.2 0.1 0.0 0.0 0.3 0.0 1.7 3.7
1943 3.5 0.2 0.2 1.1 0.1 0.1 0.0 0.1 0.0 0.2 0.0 2.2
1944 0.9 0.7 0.9 0.0 0.3 0.0 0.1 1.3 0.8 0.8 1.0 0.1
1945 1.4 1.1 0.3 0.0 0.1 0.1 1.0 1.3 1.9 0.5 0.0 1.0
1946 0.4 0.1 0.3 0.0 0.6 0.2 0.5 0.0 3.7 1.0 0.0 1.7
1947 0.0 1.5 2.1 0.1 0.1 0.2 2.9 0.0 2.2 0.2 04 0.0
1948 0.1 0.5 0.7 0.0 0.1 0.1 0.3 1.8 1.0 04 0.5 0.8
1949 0.4 0.4 0.2 0.7 0.3 0.2 0.0 0.0 0.0 0.0 0.8 0.6
1950 0.4 1.6 4.2 0.1 0.0 2.3 5.7 1.1 0.8 2.3 04 2.0
1951 2.8 0.1 2.7 0.9 04 2.2 2.9 0.3 2.0 1.9 0.6 0.0
1952 2.0 1.1 0.7 0.0 0.1 0.8 0.6 0.4 0.0 0.1 1.4 1.9
1953 0.9 0.4 0.6 0.3 1.8 0.1 0.6 6.5 1.0 0.0 0.0 0.1
1954 0.1 0.1 0.1 0.9 0.1 0.2 0.0 0.2 0.1 0.0 0.3 23
1955 0.8 0.0 0.3 1.4 0.0 0.1 2.2 0.6 1.9 1.3 1.0 3.7
1956 0.6 0.4 0.9 0.0 0.1 0.1 0.0 0.1 0.2 4.1 0.0 0.0
1957 1.4 0.5 0.1 0.0 0.1 0.0 0.0 0.9 0.3 04 0.8 0.1
1958 2.0 0.7 0.0 0.1 1.8 0.8 0.0 0.0 1.0 1.6 04 0.1
1959 4.1 0.7 0.7 0.0 0.0 0.1 0.0 0.2 0.0 0.2 0.3 0.0
1960 0.1 0.0 0.3 0.0 0.1 0.1 0.1 0.4 0.0 0.0 0.6 1.2
1961 0.1 1.1 4.6 0.7 0.1 0.0 0.2 0.0 0.1 1.4 1.7 3.7
1962 5.2 0.0 0.1 0.1 0.6 0.0 0.5 1.3 0.0 0.3 0.0 0.0
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1963 1.9 4.3 0.1 0.0 0.1 0.3 0.0 0.9 0.1 0.6 0.0 0.6
1964 0.0 0.0 04 1.8 0.2 0.0 0.0 24 0.6 0.8 0.6 0.2
1965 0.9 0.3 0.0 0.2 0.0 0.0 0.8 0.7 1.0 0.0 1.4 0.3
1966 2.0 0.5 24 0.1 0.1 0.8 0.0 0.2 0.0 0.0 0.0 0.3
1967 2.8 2.8 1.1 0.7 0.1 0.5 0.0 0.7 2.8 0.0 0.6 0.6
1968 2.0 0.2 0.0 0.0 0.2 1.5 0.6 0.0 0.0 0.0 0.1 0.0
1969 11.8 3.0 04 0.2 0.6 0.0 0.3 0.0 3.7 1.4 0.0 0.0
1970 0.1 3.0 0.0 0.0 0.0 0.4 0.0 0.1 0.1 0.1 23 1.5
1971 0.0 1.4 34 1.8 0.4 0.7 0.0 1.3 2.2 2.6 0.2 1.7
1972 0.0 0.0 0.3 0.3 0.3 1.4 4.0 0.2 0.5 0.0 0.1 0.1
1973 0.1 1.5 0.0 04 0.1 0.0 0.2 0.3 2.8 0.2 2.6 5.8
1974 3.9 1.4 24 0.5 2.1 0.0 2.5 0.1 1.2 0.1 2.0 1.2
1975 1.1 1.9 1.1 0.0 0.1 0.7 4.4 2.7 5.2 1.0 1.7 3.3
1976 1.4 2.1 0.1 0.4 1.8 0.0 0.5 0.4 1.2 0.1 0.0 2.8
1977 1.8 0.7 1.8 1.6 0.9 1.4 2.6 1.3 0.3 0.3 1.4 1.9
1978 1.4 9.2 0.6 0.1 0.2 0.5 0.7 0.4 0.0 1.0 0.0 0.1
1979 1.5 2.8 0.1 0.1 0.6 0.7 0.2 0.1 0.0 0.0 04 0.1
1980 0.0 0.0 4.2 1.6 0.0 0.2 0.0 0.6 0.0 0.1 0.2 0.1
1981 0.5 1.3 0.7 0.0 0.4 0.7 0.0 0.1 0.0 0.3 0.0 0.8
1982 4.3 0.2 0.0 0.2 0.0 1.0 2.0 3.4 1.2 2.5 6.7 5.7
1983 9.8 11.8 7.5 1.9 2.1 0.2 0.0 1.1 3.2 0.1 04 1.0
1984 0.9 0.0 0.6 0.9 0.0 0.1 0.2 0.1 0.0 0.1 0.8 7.2
1985 0.2 0.4 0.9 0.0 1.3 1.2 0.1 0.7 0.2 1.0 0.6 0.3
1986 0.0 4.1 0.7 0.0 0.0 0.0 0.0 4.2 0.4 1.3 3.2 0.2
1987 0.4 3.8 0.0 0.7 1.1 3.5 0.8 0.6 0.1 0.2 0.0 0.3
1988 1.4 1.1 0.2 0.3 1.3 1.3 2.5 3.8 3.9 0.5 2.6 1.5
1989 3.1 4.3 0.7 0.5 1.1 1.5 0.4 0.3 0.5 0.1 04 0.2
1990 0.1 0.1 0.9 0.1 1.3 0.0 0.5 0.0 0.0 0.2 0.5 0.1
1991 0.9 0.0 0.0 1.1 0.4 0.0 0.1 0.0 2.0 3.2 0.0 5.2
1992 2.7 0.9 2.7 04 0.1 2.5 0.5 0.0 04 5.7 04 1.7
1993 1.8 3.8 0.7 0.3 0.2 0.3 1.2 0.0 0.0 1.0 0.0 0.0
1994 0.0 0.0 0.1 1.9 0.3 0.8 2.3 04 1.7 1.4 0.0 0.2
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1995 0.1 0.3 0.0 21 0.2 0.1 0.2 0.2 0.3 0.6 0.0 1.0
1996 1.1 0.1 1.1 04 21 2.6 04 0.2 0.3 0.0 04 0.1
1997 3.1 0.9 04 1.1 3.4 0.6 0.0 0.7 0.0 0.1 0.1 0.5
1998 13.2 0.3 8.7 1.9 04 0.8 2.9 24 2.5 04 01 0.8
1999 3.1 0.9 0.1 2.1 1.6 0.4 1.2 1.8 0.1 1.3 1.0 2.9
2000 2.2 7.1 21 1.1 1.1 0.0 0.2 0.0 2.8 0.0 1.0 1.4
2001 6.6 0.2 1.3 0.0 0.0 0.0 0.0 0.7 0.0 1.4 0.6 1.9
2002 2.5 24 0.1 0.0 0.6 0.1 04 21 0.0 1.4 0.0 0.2

Step 8. Standardized Tahiti Sea Level Pressure Anomaly
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
1882 -1.5 -0.6 0.7 -0.8 -0.6 -1.9 -3.2 -4.0 -2.8 -1.2 1.0 0.2
1883 24 -1.9 -3.5 0.9 1.4 04 -1.7 -0.9 -1.6 0.1 -1.2 -3.9
1884 -1.7 -0.4 1.6 -0.1 0.5 1.2 -0.2 -1.2 -1.0 0.8 -0.1 -2.8
1885 -2.6 0.1 1.9 1.1 1.6 -0.8 0.5 -1.2 0.6 -1.3 -0.2 0.7
1886 1.4 -0.7 1.4 0.3 0.4 0.3 0.0 0.5 1.2 1.3 0.8 -0.3
1887 2.0 04 1.3 0.3 -0.7 0.7 1.4 04 1.2 1.3 -0.3 1.7
1888 -1.7 0.0 0.0 -1.9 -1.0 -1.4 -1.7 -0.8 -1.1 -1.0 -1.2 0.9
1889 -2.9 1.6 -2.8 0.7 0.1 1.5 0.2 04 0.7 0.0 0.2 1.3
1890 21 2.2 1.9 0.3 04 -0.3 -0.9 -1.2 0.1 -0.4 0.5 0.0
1891 24 -0.7 -0.4 1.3 1.3 0.6 0.3 0.7 0.2 0.9 0.4 0.4
1892 0.6 -0.8 0.5 1.3 23 1.8 1.5 0.3 -15.3 -14.6 -12.7 -11.8
1896 1.0 1.6 0.0 -0.4 -1.4 -2.2 -1.7 -0.5 -0.7 0.0 0.3 0.2
1897 -1.3 -0.9 -1.0 -0.8 -0.6 0.0 0.6 0.5 -0.1 0.3 -1.2 0.2
1898 1.3 -0.3 -0.2 1.1 0.4 -0.6 1.3 1.0 0.4 -0.4 -1.7 -0.5
1899 1.9 2.5 1.0 0.3 -0.4 -0.6 -0.3 -1.7 0.3 23 3.4 0.0
1900 -0.1 0.1 -2.7 -0.9 -0.4 2.8 0.8 -0.5 -3.4 -3.3 -0.9 -0.1
1901 0.0 0.8 1.7 1.0 0.6 23 2.7 2.0 -1.8 -4.2 -0.5 -0.4
1902 3.2 1.0 2.7 1.9 3.2 1.1 1.3 -0.8 -1.5 0.2 1.4 04
1903 -0.2 -0.4 1.4 2.0 1.3 0.3 -0.5 0.1 0.7 0.1 -0.3 1.1
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1904 2.5 2.3 1.2 2.1 1.1 -0.2 -1.2 0.5 0.3 -0.8 -1.5 0.9
1905 -0.6 -2.6 -2.6 -4.0 -4.8 -3.7 -2.5 -0.6 -1.3 -1.6 -1.0 -1.7
1906 -0.8 -1.2 -12.5 -12.6 -13.4 -0.8 0.0 2.2 1.7 0.6 1.5 -11.8
1909 -1.2 0.5 -2.1 -1.5 -0.2 1.9 1.0 0.6 -0.7 -0.6 0.5 0.2
1910 -0.9 1.8 1.6 -0.7 0.4 1.5 2.2 0.6 1.2 1.5 1.2 1.5
1911 -0.4 -0.6 0.8 -0.7 0.0 -0.1 -1.5 -1.3 -1.3 -0.8 -0.3 -0.3
1912 -1.0 -1.3 -1.3 -0.5 0.0 -0.8 -1.2 -0.9 -1.5 -0.9 0.2 -0.6
1913 -1.41 -0.7 -0.7 -0.7 0.6 0.2 0.7 -1.2 -0.3 -0.4 -0.6 -0.8
1916 -0.1 -1.4 -1.4 0.4 -0.3 -0.9 23 2.0 -0.4 -0.7 0.3 -0.4
1917 0.8 3.2 1.6 1.9 25 1.4 23 3.6 3.7 1.6 1.8 2.2
1918 2.2 24 0.8 1.9 1.2 -0.6 -1.3 0.0 0.9 -0.4 0.3 -1.41
1919 -2.6 -0.3 -1.7 -0.3 -1.41 -0.9 -1.2 -0.5 -0.4 -1.4 -1.0 -1.3
1920 -1.0 -0.3 0.4 -0.6 -0.5 -1.6 -0.3 -0.2 0.1 -1.4 -0.5 -0.2
1921 1.0 1.2 -12.5 -12.6 -134 -14.6 -0.3 -0.8 0.8 1.4 1.2 0.2
1922 0.7 0.4 0.2 -0.6 -1.41 -0.3 -0.1 -0.2 0.4 0.8 1.2 1.0
1923 -0.1 0.7 0.4 -0.3 -0.5 -0.9 -0.9 -1.2 -2.1 -0.3 -1.5 0.0
1924 0.0 0.4 0.3 -1.9 1.1 0.8 1.5 1.8 1.4 0.0 1.0 -0.7
1925 0.2 0.4 0.2 0.1 -0.6 -0.9 -1.2 -1.8 -0.1 -1.5 -0.2 -0.8
1926 -2.9 -3.0 -2.4 -1.8 -1.8 -2.2 -1.9 -2.9 -1.9 -2.0 -1.0 -1.6
1927 -0.2 0.4 2.6 0.3 0.7 -14.6 -14.9 -15.6 0.5 -0.3 -0.7 1.2
1928 0.0 1.5 1.3 1.2 0.7 -0.6 -0.1 2.0 1.4 0.2 1.0 1.3
1929 0.0 1.7 0.8 0.7 -0.6 1.2 1.3 0.4 0.5 1.4 0.9 0.0
1930 1.0 1.5 0.8 0.4 1.3 -0.3 -0.1 0.4 0.1 1.8 2.3 0.0
1933 -2.1 -0.3 -1.3 0.6 1.1 -0.5 0.5 0.3 0.3 -0.4 0.2 0.5
1934 0.8 0.9 -0.6 0.1 -0.4 0.8 0.0 -3.0 -0.9 0.8 1.6 -0.5
1935 0.4 -0.1 0.7 0.5 0.5 0.1 -0.1 1.0 -0.1 0.2 0.8 -0.2
1936 0.0 0.3 0.2 0.5 -0.2 -0.2 0.2 -2.2 0.0 0.0 -1.7 -0.6
1937 0.7 0.1 -0.5 -0.1 1.0 0.1 -0.3 0.2 0.7 -0.4 -1.3 0.2
1938 0.3 -0.1 -0.3 0.1 0.6 1.3 1.9 0.7 1.3 23 -1.0 2.2
1939 2.0 0.8 0.9 0.9 0.2 -0.2 1.3 -1.5 -0.3 -1.8 -1.2 -0.1
1940 -0.7 -1.2 -0.9 0.3 -0.6 -1.0 -1.2 -1.7 -1.1 0.1 -0.5 -1.6
1941 -0.7 -0.3 -1.0 -0.2 -0.6 -0.6 -0.8 -1.4 -0.7 -2.3 -1.3 -0.4
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1942 -0.7 -1.2 -0.2 0.3 -0.5 0.3 0.1 -0.2 0.6 0.1 -1.4 2.0
1943 2.0 0.5 0.5 1.1 0.3 -0.4 0.1 0.4 0.1 0.4 0.0 -1.6
1944 -1.0 0.9 1.0 0.1 0.6 0.1 -0.3 1.2 0.9 -0.9 -1.41 -0.4
1945 1.3 1.1 0.6 0.0 0.4 0.3 1.1 1.2 1.5 0.8 -0.2 1.1
1946 -0.7 -0.3 0.6 -0.2 -0.8 -0.5 -0.8 -0.2 -2.1 -1.0 0.0 -1.4
1947 0.1 -1.3 1.6 -0.4 -0.3 0.4 1.8 -0.2 1.6 -0.5 0.6 0.2
1948 0.3 -0.8 -0.9 -0.1 0.4 -0.4 -0.5 -1.4 -1.1 0.7 -0.7 -0.9
1949 -0.7 -0.7 -0.5 0.9 -0.6 -0.5 -0.2 -0.2 0.2 -0.1 -1.0 -0.8
1950 -0.7 1.4 2.2 0.3 0.0 1.6 2.6 1.1 0.9 1.6 -0.6 1.5
1951 1.8 -0.3 -1.8 -1.0 -0.7 -1.6 -1.8 -0.6 -1.5 -1.5 -0.9 0.0
1952 -1.5 -1.41 0.9 0.0 0.4 1.0 0.8 -0.7 -0.2 -0.4 -1.3 -1.5
1953 1.0 -0.7 -0.8 -0.6 -1.4 -0.3 0.8 -2.7 -1.1 -0.1 0.0 -0.3
1954 -0.4 -0.3 -0.3 -1.0 -0.4 -0.5 0.0 0.5 0.3 0.2 0.5 1.6
1955 0.9 0.2 -0.6 -1.2 0.0 0.3 1.6 0.8 1.5 1.2 1.1 2.0
1956 0.8 0.7 1.0 0.1 0.4 0.3 0.1 0.4 -0.4 2.2 0.1 0.0
1957 1.3 -0.8 -0.3 0.1 -0.3 -0.2 0.2 -1.0 -0.6 0.7 -1.0 -0.4
1958 -1.5 -0.9 0.2 -0.3 -1.4 -0.9 0.0 0.0 -1.41 -1.4 -0.6 -0.4
1959 -2.2 -0.9 0.9 -0.2 0.0 -0.4 -0.1 -0.5 0.0 0.4 0.5 0.2
1960 0.3 -0.1 0.6 0.1 -04 -0.3 0.3 0.7 -0.2 -0.1 0.9 1.2
1961 0.3 1.1 -2.3 0.9 0.4 0.0 0.4 0.2 0.3 -1.3 1.4 2.0
1962 24 -0.1 0.3 0.4 0.8 -0.2 -0.8 1.2 0.0 0.6 -0.2 0.1
1963 1.5 2.2 0.4 0.1 -0.4 -0.6 0.2 -1.0 -0.3 -0.8 -0.1 -0.8
1964 0.2 0.2 0.7 1.4 -0.5 0.2 -0.1 1.7 0.8 1.0 -0.9 -0.5
1965 -1.0 -0.6 -0.2 0.5 0.2 0.0 -1.0 -0.9 -1.1 -0.2 -1.3 -0.6
1966 -1.5 -0.8 -1.7 -0.3 0.3 1.0 -0.1 0.5 -0.2 0.1 0.0 -0.6
1967 1.8 1.8 1.1 0.9 -0.4 0.8 0.0 0.9 1.8 -0.1 -0.9 -0.8
1968 -1.5 0.5 0.0 -0.1 0.5 1.3 0.8 -0.2 -0.2 -0.1 0.3 0.1
1969 -3.7 -1.9 0.7 0.5 -0.8 0.1 -0.5 -0.2 -2.1 -1.3 0.1 0.1
1970 -04 -1.9 -0.2 0.0 0.0 0.7 0.0 -0.3 0.3 -0.4 1.6 1.3
1971 0.0 1.2 2.0 1.4 0.7 0.9 -0.2 1.2 1.6 1.7 0.4 -1.4
1972 0.2 0.1 -0.6 0.6 -0.6 -1.3 -2.1 -0.5 -0.8 0.0 0.3 -0.3
1973 0.3 -1.3 -0.2 -0.7 0.3 0.0 0.4 0.6 1.8 0.4 1.7 2.6
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1974 2.1 1.2 1.7 0.8 1.6 0.2 1.7 0.3 1.2 0.3 -1.5 -1.2
1975 -1.1 1.5 1.1 0.1 0.3 0.9 2.2 1.8 24 1.1 1.4 1.9

1976 1.3 1.6 0.4 0.7 1.4 0.1 -0.8 -0.7 -1.2 -0.3 0.2 -1.8
1977 -1.4 0.9 -1.4 -1.4 -1.0 -1.3 -1.7 -1.2 -0.6 -0.6 -1.3 -1.5
1978 1.3 -3.2 0.8 -0.3 0.5 -0.7 -0.9 -0.7 -0.2 -1.0 0.2 -0.3
1979 -1.3 1.8 -0.4 -0.4 0.8 0.9 0.4 -0.4 0.0 -0.2 -0.6 -0.4
1980 0.2 -0.1 -2.2 -1.4 0.0 -0.5 0.0 0.8 -0.1 -0.3 -0.4 -0.4
1981 -0.8 -1.2 -0.9 -0.2 0.7 0.9 0.2 0.4 0.2 -0.6 -0.2 1.0

1982 2.2 0.5 0.2 0.5 0.0 -1.0 -1.5 -2.0 -1.2 -1.7 -2.8 -2.6
1983 -3.3 -3.7 -2.9 -1.5 1.6 0.4 0.2 1.1 1.9 0.3 0.6 1.1

1984 1.0 -0.1 -0.8 1.0 0.2 -0.4 0.4 -0.4 0.1 -0.3 1.0 -2.9
1985 0.5 0.7 -1.0 -0.2 -1.2 -1.2 0.3 0.9 -0.4 -1.0 -0.9 0.5

1986 0.0 -2.2 0.9 0.0 -0.2 -0.2 0.2 -2.2 -0.7 1.2 -1.9 -0.5
1987 -0.7 -2.1 0.0 -0.9 -1.1 -2.0 -1.0 -0.8 -0.3 -0.5 0.0 -0.6
1988 1.3 -1.41 -0.5 0.6 1.2 1.2 1.7 2.1 2.1 0.8 1.7 1.3

1989 1.9 2.2 0.9 0.8 1.1 1.3 0.6 -0.6 0.7 0.3 -0.6 0.4

1990 0.3 -0.4 -1.0 0.3 1.2 0.0 0.7 -0.2 0.1 0.4 -0.7 -0.3
1991 1.0 0.0 -0.2 -1.41 -0.7 0.1 0.3 0.0 -1.5 -1.9 0.0 -2.4
1992 -1.7 -1.0 -1.8 -0.7 0.3 -1.7 0.7 0.2 -0.7 -2.5 -0.6 -1.4
1993 -1.4 -2.1 0.9 -0.6 0.5 -0.6 -1.2 0.1 0.2 -1.0 0.0 -0.2
1994 0.0 0.0 -0.3 -1.5 -0.6 -0.9 -1.6 -0.7 -1.4 -1.3 -0.1 -0.5
1995 -0.2 0.6 0.2 -1.6 -0.5 0.3 0.4 0.5 0.6 -0.8 0.0 -1.41
1996 1.1 -0.4 1.1 0.7 1.6 1.7 0.6 0.5 -0.6 -0.2 -0.6 -0.3
1997 1.9 1.0 -0.7 1.1 -2.0 -0.8 -0.2 -0.9 0.2 -0.3 0.3 -0.7
1998 -3.9 -0.6 -3.2 -1.5 0.7 1.0 1.8 1.7 1.7 0.7 0.3 1.0

1999 1.9 1.0 0.3 1.5 1.3 0.7 1.2 1.4 0.4 1.2 1.1 1.8

2000 1.6 2.8 1.6 1.1 1.1 0.2 -0.4 0.2 1.8 0.1 1.1 -1.3
2001 2.7 -0.5 1.2 -0.1 0.0 -0.2 -0.1 -0.9 0.2 -1.3 0.9 -1.5
2002 1.7 1.7 0.3 0.0 -0.8 -0.3 0.6 -1.5 0.0 -1.3 0.1 -0.5
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Step 9. Standardized Tahiti SLPA - Standardized Darwin SLPA

YEAR JAN | FEB | MAR | APR | MAY | JUN JUL AUG SEP oCT NOV DEC
1882 -1.7 [ -05 0.6 0.1 0.9 -1.9 -3.5 -4.6 -2.7 0.0 0.2 1.7
1883 1.4 -2.1 -5.2 19 1.8 0.3 -1.9 0.0 -1.6 0.5 04 -3.6
1884 -28 [-1.6 1.5 -1.7 [ 0.2 1.1 -0.6 -1.2 -1.1 04 -0.4 -2.9
1885 -3.7 | 0.1 0.9 0.0 |-03 -1.9 -0.7 -1.8 -0.6 -3.3 -2.6 0.9
1886 -0.3 | -0.1 0.5 03 |1.0 0.3 1.1 2.0 2.3 2.2 1.4 2.5
1887 2.6 2.0 1.7 1.0 |-0.6 0.5 0.6 04 0.9 0.9 -1.0 1.0
1888 -1.0 |05 |-23 29 |13 -2.2 -2.6 -1.6 -1.8 -2.5 -2.3 -0.7
1889 -57 |-04 |-56 0.0 |-0.2 2.7 0.2 0.0 1.7 0.4 3.1 4.1
1890 4.2 23 2.5 1.0 |05 0.7 -0.6 -0.8 1.4 0.5 0.1 -0.2
1891 3.4 -1.1 -2.1 0.7 0.0 -0.2 -1.0 -1.4 -1.6 0.0 -0.9 -1.2
1892 04 25 120 09 |15 2.2 1.3 0.7

1896 1.1 1.8 -0.4 -02 |42 -3.2 -2.4 -2.6 -2.4 -2.3 -1.0 -2.1
1897 27 |-18 |-34 22 | -24 -0.3 -0.2 0.1 0.1 0.2 -1.5 1.8
1898 1.4 0.9 3.3 1.3 |-0.2 -0.4 1.0 1.1 1.6 0.6 0.1 0.5
1899 2.6 1.6 2.2 03 |-0.9 -1.3 -1.0 -1.8 -0.3 1.0 24 -0.8
1900 -16 |16 |-52 -23 | -1.0 3.1 1.6 0.9 -3.0 -3.3 -1.2 -1.2
1901 -03 [ 04 1.7 0.6 |0.0 24 2.3 1.5 -2.7 -4.1 -1.7 -0.6
1902 3.6 -0.7 | 2.1 09 |13 0.3 0.1 -1.6 -3.0 -1.4 -0.8 -0.7
1903 21 | -2.6 3.0 23 [ 1.2 -0.2 0.7 -0.1 1.4 0.7 0.0 29
1904 2.9 3.2 1.6 3.8 |12 -1.2 -1.6 -0.1 0.2 -0.2 -2.9 0.2
1905 -20 | -41 -5.9 -53 | -5.0 -4.1 -3.3 -1.6 -1.2 -1.3 -3.0 -3.0
1906 -1.0 [-2.0 -0.6 0.8 23 3.1 1.3 3.0

1909 -06 |-07 |-05 -1.8 |1 0.2 2.6 1.7 1.3 0.0 0.3 1.0 0.8
1910 0.9 3.2 2.2 05 |02 2.7 3.3 1.4 24 1.5 2.8 3.1
1911 0.4 0.2 04 0.1 -1.0 -1.8 -2.2 -2.1 -1.5 -2.3 -1.5 -0.6
1912 -23 |39 |-20 -28 | -1.6 -0.9 -0.4 -1.6 -0.8 -14 0.1 -2.0
1913 -09 |13 |-0.2 -09 | -0.9 -0.8 -0.3 -1.6 -1.7 -1.7 -2.0 -1.7
1916 0.9 -09 |-16 -0.1 | 0.7 0.9 4.0 23 0.6 0.8 1.4 2.6
1917 1.0 2.3 3.2 27 129 2.6 4.2 5.3 5.2 2.5 3.1 4.3
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1918 3.0 3.4 -0.7 2.2 1.4 -0.7 -2.4 -0.9 -1.3 -1.0 -0.1 -1.8
1919 -3.6 |-26 |-27 -03 |11 -1.5 -1.5 -1.5 -0.9 -2.0 -2.0 -2.1
1920 0.1 -0.8 | -1.1 -01 |04 0.5 1.3 0.5 1.0 -1.0 -0.2 1.6
1921 24 1.1 04 -1.3 0.7 1.6 1.0 1.3
1922 1.5 1.7 0.8 -0.6 | -0.8 0.4 0.1 -04 0.8 0.7 1.2 2.0
1923 1.0 0.6 1.4 1.0 102 -0.2 -1.9 -3.2 -2.6 -1.1 -2.3 0.3
1924 -1.2 [ 0.0 04 -19 |15 0.8 1.1 1.6 1.3 1.1 1.7 0.7
1925 1.0 29 24 16 |-0.2 -0.7 -2.2 -1.9 -1.0 -2.5 -1.8 -1.9
1926 -3.2 | -5.1 -4.4 -26 | -2.0 -2.7 -2.0 -3.2 -1.5 -1.2 -1.7 -0.8
1927 0.9 -0.1 3.2 1.0 0.9 0.0 -0.9 -1.5 1.4
1928 21 |21 2.3 16 |-03 -1.1 0.0 1.4 1.6 1.5 0.1 2.3
1929 3.1 3.8 0.8 06 |-16 0.1 04 -0.2 -0.1 1.2 1.6 1.0
1930 2.5 1.3 0.0 -0.3 | 0.2 -0.9 -0.8 -0.6 -1.2 0.7 0.2 -0.6
1933 -26 | 0.6 -0.6 04 |08 -0.7 0.4 -04 0.5 0.4 0.8 1.4
1934 1.2 0.0 -0.2 0.7 |-0.9 1.4 0.3 -4.0 -1.2 04 1.7 -0.7
1935 1.2 -1.1 2.1 04 |-06 -0.4 0.0 0.2 1.0 1.1 0.3 -1.0
1936 -0.5 [-0.2 0.0 0.7 |06 -0.5 0.5 -1.7 0.3 -0.1 -2.4 -0.2
1937 1.8 -1.3 0.9 0.1 -0.1 0.2 -0.9 0.2 0.1 -0.7 -0.9 1.0
1938 1.3 0.6 -0.8 05 |17 2.2 3.0 1.6 1.5 2.1 0.0 2.6
1939 3.4 1.3 1.8 1.2 |1-0.2 -0.3 1.3 -0.5 -1.7 -2.8 -1.6 -2.0
1940 -01 |13 |-22 -1.1 119 -2.7 -2.6 -3.1 -3.3 -3.1 -14 -4.2
1941 22 |35 |-23 -14 | -0.9 -2.0 -3.3 -3.3 -1.5 -3.7 -1.7 -1.9
1942 29 [ 141 -1.3 -0.7 | 0.6 0.8 -0.3 04 1.4 1.2 -1.0 2.6
1943 1.9 2.0 0.5 1.7 104 -1.2 0.3 1.0 0.9 1.3 0.3 -2.0
1944 -1.9 [ 0.6 0.8 -0.7 | -0.1 -0.7 -1.5 04 04 -1.7 -1.3 0.5
1945 1.0 1.1 2.2 -0.9 | 0.0 0.8 0.5 1.7 1.5 0.2 -0.8 1.1
1946 -0.7 [ 0.6 -0.6 -1.2 |15 -1.4 -1.7 -0.9 -2.9 -2.3 -0.5 -1.4
1947 -1.2 |12 |20 -06 |-1.8 0.1 1.4 0.9 2.0 -0.5 1.2 0.8
1948 -08 |-09 |-11 03 |05 -0.8 0.0 -1.0 -1.4 0.8 0.4 -14
1949 -1.7 | 041 0.7 02 |-0.8 -1.7 -0.4 -0.9 0.3 0.7 -1.2 1.2
1950 0.9 3.4 3.1 19 109 3.2 3.3 1.8 1.1 2.7 1.6 4.4
1951 2.7 1.0 -1.3 11 (17 -0.5 -2.3 -1.2 -2.1 -2.3 -1.6 -1.6
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1952 -20 [-1.8 0.0 -09 [ 1.0 0.8 0.7 -0.7 -0.4 0.3 -0.3 -2.6
1953 0.4 -16 | -14 -0.1 | -3.6 -0.5 -0.2 -3.1 -2.4 -0.3 -0.7 -1.1
1954 1.0 -1.2 |1 -05 06 |04 -0.5 04 1.3 0.3 0.1 0.2 24
1955 -11 129 0.1 -08 |14 1.7 2.7 2.0 2.5 2.5 2.2 1.7
1956 23 24 1.5 1.2 122 1.3 1.7 1.5 0.0 3.0 0.1 1.7
1957 1.0 -0.8 |-0.6 00 |17 -0.4 0.1 -1.7 -1.8 -0.3 -2.0 -0.9
1958 -38 |-16 |-05 02 |15 -0.2 04 1.0 -0.7 -0.4 -1.0 -14
1959 -20 [-3.2 1.4 03 |04 -0.9 -0.8 -0.9 0.0 0.5 1.6 1.4
1960 0.0 -04 0.9 1.0 |05 -0.5 0.6 0.8 1.1 -0.2 0.9 1.3
1961 -0.7 [ 1.1 -4.5 1.1 0.2 -0.5 0.2 -04 0.1 -1.1 0.9 2.6
1962 3.6 -1.1 -0.7 -01 | 1.6 0.6 -0.2 0.6 0.8 1.4 04 0.1
1963 1.8 0.6 1.1 1.0 0.2 -1.6 -0.5 -0.8 -1.1 -2.7 -1.7 -2.6
1964 -09 [-05 1.1 1.7 | -041 0.7 0.7 2.2 23 2.0 0.1 -0.9
1965 -1.1 0.1 0.4 -14 | -0.2 -1.7 -3.6 -2.0 -2.5 -2.0 -2.9 0.0
1966 -28 | -1.1 -2.8 -0.8 | -1.1 0.0 -0.2 0.5 -0.4 -0.6 -0.2 -1.0
1967 3.0 2.6 1.3 -04 | -05 0.6 0.0 0.7 1.0 -0.3 -1.0 -1.4
1968 0.6 1.8 -0.8 -04 |19 1.4 1.0 -0.2 -0.5 -0.5 -0.7 0.1
1969 -3.2 |18 |-02 -1.1 1 -0.9 -0.3 -1.2 -0.9 -2.0 -2.2 -0.3 0.5
1970 -23 |-27 0.1 -06 | 0.2 1.2 -1.0 0.4 2.1 1.5 2.8 3.3
1971 0.4 3.1 3.4 28 |12 0.2 0.1 2.2 2.7 2.8 0.9 0.1
1972 0.6 1.4 0.1 -06 | -34 -1.8 -3.1 -1.6 -2.6 -2.0 -0.7 -2.6
1973 -0.8 [ -3.2 0.3 -0.3 |04 1.3 0.9 1.7 23 1.0 4.7 3.2
1974 4.3 3.2 3.6 14 114 0.1 1.9 0.8 2.0 1.3 -0.5 0.0
1975 -1.3 |[1.0 1.9 1.7 108 1.8 34 3.1 3.9 2.8 2.1 3.7
1976 24 2.6 2.2 0.2 |03 -0.2 -1.9 -2.2 -2.2 04 1.1 -1.0
1977 1.1 [ 1.7 -2.1 -13 |14 -2.5 -2.5 -2.2 -1.6 -2.3 -2.5 -2.3
1978 -0.7 |57 |-13 -1.0 | 21 0.5 0.7 0.0 0.1 -1.2 -0.2 -0.4
1979 -11 [ 1.3 -0.8 -0.7 | 0.5 0.6 2.2 -1.0 0.2 -0.6 -1.0 -1.6
1980 0.5 0.0 -2.0 -1.7 | -0.5 -0.7 -04 0.0 -0.9 -04 -0.8 -0.5
1981 0.4 -1.0 | -34 -0.7 |11 1.7 1.2 0.6 0.6 -1.2 0.1 0.7
1982 2.2 -0.1 0.1 -03 |11 -2.6 -3.2 -4.0 -3.3 -3.6 -5.1 -4.6
1983 -69 |-76 |-56 -2.2 0.7 -0.5 -1.3 -0.3 1.7 04 -0.3 -0.2
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1984 0.2 0.9 -1.5 0.3 -0.1 -1.3 0.1 0.1 0.2 -1.0 04 -0.7

1985 -0.7 | 1.7 0.3 1.7 0.3 -1.5 -0.4 1.1 -0.1 -1.2 -0.5 0.2

1986 1.5 -2.7 -0.1 0.1 -0.9 1.1 0.2 -1.6 -1.0 0.9 -2.5 -3.0

1987 -1.5 | -3.1 -3.3 -3.0 | -2.8 -2.8 -2.8 -2.5 -1.9 -1.1 -0.2 -1.2

1988 -03 |14 0.1 -01 [ 1.3 -0.4 1.7 2.2 34 2.2 3.0 21

1989 2.7 1.8 1.0 2.6 1.9 0.8 1.4 -1.3 0.9 1.0 -0.6 -1.2

1990 -04 |-3.9 -1.9 -0.1 |18 -0.1 0.8 -1.0 -1.3 0.1 -1.1 -0.7

1991 1.0 -0.1 -2.2 -1.7 |24 -0.9 -0.2 -1.4 -2.9 -2.4 -1.4 -3.7

1992 -56 [-23 -4.8 -2.3 | 0.1 -1.9 -1.3 0.0 0.0 -3.2 -1.4 -1.4

1993 20 [-21 -1.8 -26 | -1.0 -2.2 -1.8 -2.4 -1.3 -2.5 -0.3 0.1

1994 -0.5 |-0.1 -2.2 29 |17 -1.5 -2.9 -3.0 -3.0 -2.6 -1.2 -2.6

1995 -1.0 | -0.8 04 -1.8 | 1.2 -0.4 0.6 -0.1 0.5 -0.5 -0.1 -1.3

1996 1.7 -0.2 1.2 1.1 0.2 1.6 1.0 0.7 1.0 0.7 -0.3 1.3

1997 0.8 2.6 -1.9 -14 | -3.0 -3.2 -1.7 -3.4 -2.6 -3.1 -2.3 -2.1

1998 -54 |44 -5.7 -3.2 | 041 1.2 2.0 1.6 2.0 1.6 1.7 2.3

1999 3.2 1.2 14 2.2 0.1 -0.1 0.8 0.1 -0.1 1.5 1.8 2.5

2000 1.1 2.6 1.6 1.9 0.3 -1.0 -0.7 0.6 1.7 1.6 3.3 1.1

2001 1.8 2.4 0.8 -0.1 |14 -0.1 -0.7 -1.6 0.3 -0.6 1.2 -1.9

2002 0.7 1.5 -1.4 -06 |-2.0 -141 -1.1 -2.6 -1.1 -1.2 -1.0 -2.4
Step 10. Squared Standardized Tahiti SLPA — Squared Standardized Darwin SLPA
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1882 2.8 0.2 0.4 0.0 0.8 3.6 121 20.9 7.4 0.0 0.0 2.8
1883 1.9 4.2 27.5 3.5 3.3 0.1 3.5 0.0 2.7 0.2 0.1 12.9
1884 7.8 2.4 2.2 2.8 0.0 1.2 0.3 1.4 1.2 0.2 0.1 8.4
1885 13.3 0.0 0.8 0.0 0.1 3.7 0.5 3.2 0.3 10.8 6.6 0.8
1886 0.1 0.0 0.2 0.1 0.9 0.1 1.3 4.0 5.5 4.7 1.9 6.5
1887 7.0 3.9 2.8 1.0 04 0.2 0.4 0.2 0.9 0.8 1.0 1.0
1888 1.0 0.3 5.4 8.5 1.8 4.7 6.6 2.5 3.2 6.1 5.5 04
1889 32.1 0.2 31.3 0.0 0.0 7.3 0.1 0.0 29 0.1 9.8 17.2
1890 18.0 5.3 6.2 1.0 0.2 0.5 0.4 0.6 1.9 0.2 0.0 0.1
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1891 11.3 1.2 4.6 0.5 0.0 0.1 1.1 1.9 2.6 0.0 0.9 1.4
1892 0.1 6.2 4.0 0.8 2.2 5.0 1.8 0.5 0.0 0.0 0.0 0.0
1896 1.2 3.1 0.2 0.0 18.0 10.4 5.7 7.0 5.6 5.3 1.1 4.4
1897 7.1 3.2 11.4 5.0 5.7 0.1 0.1 0.0 0.0 0.0 24 3.2
1898 1.9 0.9 10.6 1.6 0.1 0.2 1.0 1.3 2.5 0.3 0.0 0.3
1899 6.9 2.7 5.0 0.1 0.8 1.7 1.0 3.3 0.1 1.1 5.6 0.7
1900 2.5 2.7 26.9 5.5 1.0 9.6 2.5 0.9 8.7 11.1 1.5 1.5
1901 0.1 0.2 2.8 0.3 0.0 5.6 5.3 2.3 7.5 16.7 2.9 0.3
1902 13.1 0.4 4.2 0.9 1.6 0.1 0.0 2.5 9.1 1.9 0.6 0.5
1903 4.4 6.5 8.8 5.5 1.5 0.0 0.5 0.0 2.0 0.5 0.0 8.6
1904 8.3 10.3 2.4 14.7 1.5 1.4 2.7 0.0 0.0 0.0 8.2 0.1
1905 4.1 16.8 34.6 28.6 24.7 17.0 11.1 2.4 1.5 1.7 9.1 9.2
1906 1.1 4.1 0.0 0.0 0.0 0.4 0.7 54 9.5 1.7 9.2 0.0
1909 0.3 0.5 0.2 3.2 0.1 7.0 2.9 1.7 0.0 0.1 0.9 0.6
1910 0.9 10.1 4.7 0.2 0.0 7.3 10.7 2.0 6.0 2.2 7.9 9.4
1911 0.1 0.0 0.2 0.0 0.9 3.2 4.7 4.4 2.3 5.1 2.2 0.4
1912 5.5 15.3 4.0 7.9 2.4 0.9 0.1 2.5 0.7 1.9 0.0 3.8
1913 0.7 1.6 0.0 0.9 0.8 0.6 0.1 2.5 3.0 3.0 4.0 2.8
1916 0.8 0.9 2.6 0.0 0.5 0.9 15.8 5.3 0.4 0.7 1.8 6.9
1917 0.9 5.2 10.1 7.4 8.4 6.8 17.4 28.2 27.1 6.2 9.9 18.5
1918 8.7 11.7 0.4 5.0 2.0 0.5 6.0 0.8 1.6 1.1 0.0 3.2
1919 12.6 7.0 7.4 0.1 1.3 24 24 24 0.7 4.0 4.1 4.4
1920 0.0 0.6 1.2 0.0 0.2 0.3 1.7 0.2 0.9 1.0 0.0 2.4
1921 5.6 1.3 0.0 0.0 0.0 0.0 0.2 1.6 0.5 2.5 1.0 1.6
1922 2.1 2.8 0.6 0.4 0.7 0.2 0.0 0.2 0.6 0.5 1.5 4.1
1923 1.0 0.4 2.0 1.0 0.0 0.1 3.7 10.2 6.6 1.3 5.1 0.1
1924 1.4 0.0 0.2 3.7 2.3 0.6 1.3 2.6 1.6 1.2 2.9 0.5
1925 1.0 8.3 5.7 2.6 0.0 0.6 5.0 3.7 1.1 6.3 3.1 3.5
1926 10.1 26.3 19.1 6.8 3.9 7.4 4.0 10.3 2.1 1.6 3.0 0.7
1927 0.8 0.0 10.5 1.0 0.8 0.0 0.0 0.0 0.0 0.9 2.3 1.8
1928 4.3 4.2 5.1 2.5 0.1 1.3 0.0 2.0 2.4 2.2 0.0 5.1
1929 9.6 14.1 0.7 0.3 2.6 0.0 0.2 0.0 0.0 1.4 2.5 0.9
1930 6.1 1.6 0.0 0.1 0.1 0.8 0.6 0.3 1.5 0.5 0.0 0.4
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1933 6.9 0.4 0.4 0.2 0.7 0.5 0.1 0.2 0.2 0.1 0.7 2.0
1934 1.4 0.0 0.0 0.5 0.8 1.9 0.1 16.1 1.4 0.2 3.0 0.4
1935 1.5 1.3 4.5 0.2 0.4 0.1 0.0 0.0 0.9 1.2 0.1 1.1
1936 0.2 0.0 0.0 0.5 0.4 0.2 0.3 2.8 0.1 0.0 5.6 0.0
1937 3.1 1.8 0.9 0.0 0.0 0.1 0.8 0.0 0.0 0.5 0.7 1.0
1938 1.8 0.4 0.7 0.3 2.8 4.8 8.7 2.6 2.1 4.6 0.0 6.8
1939 11.8 1.7 3.4 1.4 0.0 0.1 1.7 0.3 3.0 8.0 2.7 4.1
1940 0.0 1.7 4.7 1.1 3.6 7.5 7.0 9.7 10.8 9.6 2.0 17.8
1941 4.9 12.6 5.2 1.9 0.8 41 10.9 10.9 2.2 13.4 3.1 3.8
1942 8.5 1.3 1.8 0.4 0.4 0.7 0.1 0.1 2.0 1.4 0.9 6.8
1943 3.8 3.9 0.3 2.8 0.1 1.5 0.1 1.0 0.8 1.7 0.1 41
1944 3.8 0.4 0.7 0.5 0.0 0.5 2.2 0.1 0.2 2.8 1.8 0.3
1945 1.0 1.3 4.9 0.8 0.0 0.7 0.3 2.8 2.2 0.1 0.6 1.3
1946 0.5 0.4 0.3 1.4 2.3 2.0 2.9 0.9 8.2 5.2 0.2 2.0
1947 1.4 1.5 3.9 0.4 3.1 0.0 2.1 0.8 3.9 0.3 1.4 0.6
1948 0.6 0.8 1.2 0.1 0.2 0.7 0.0 1.0 2.0 0.7 0.1 1.9
1949 3.0 0.0 0.5 0.0 0.6 2.9 0.1 0.9 0.1 0.5 1.5 1.5
1950 0.7 11.8 9.7 3.7 0.9 10.3 10.9 3.1 1.3 7.2 2.5 19.0
1951 7.4 1.1 1.8 1.1 2.9 0.2 5.2 1.3 4.5 5.3 2.6 2.6
1952 3.9 3.3 0.0 0.8 0.9 0.6 0.5 0.4 0.2 0.1 0.1 6.9
1953 0.1 2.5 1.9 0.0 13.3 0.3 0.0 9.6 5.7 0.1 0.4 1.3
1954 1.0 1.3 0.3 0.4 0.2 0.3 0.2 1.7 0.1 0.0 0.0 5.6
1955 1.2 8.2 0.0 0.6 2.0 3.0 7.5 4.1 6.1 6.0 4.8 2.9
1956 5.1 5.8 2.4 1.5 4.6 1.8 3.0 2.3 0.0 9.1 0.0 2.8
1957 1.0 0.6 0.4 0.0 2.8 0.2 0.0 2.8 3.1 0.1 4.1 0.7
1958 14.3 2.5 0.3 0.0 2.1 0.1 0.2 1.0 0.5 0.2 1.0 21
1959 4.1 10.2 2.1 0.1 0.2 0.8 0.6 0.9 0.0 0.3 24 1.9
1960 0.0 0.2 0.8 1.0 0.3 0.3 0.4 0.7 1.3 0.0 0.8 1.6
1961 0.4 1.3 19.9 1.1 0.0 0.2 0.0 0.2 0.0 1.2 0.9 6.8
1962 12.7 1.3 0.5 0.0 2.5 0.4 0.0 0.3 0.6 2.0 0.2 0.0
1963 3.3 0.4 1.2 1.0 0.0 2.6 0.2 0.6 1.3 7.1 2.8 6.6
1964 0.8 0.3 1.3 2.9 0.0 0.5 0.5 4.8 5.4 4.2 0.0 0.7
1965 1.1 0.0 0.1 1.8 0.0 2.8 13.1 3.9 6.2 4.1 8.7 0.0
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1966 7.7 1.2 8.0 0.6 1.3 0.0 0.0 0.3 0.2 0.4 0.0 0.9
1967 9.1 6.6 1.8 0.2 0.2 0.3 0.0 0.6 1.0 0.1 1.0 1.9
1968 0.4 3.2 0.7 0.2 3.5 2.0 1.0 0.1 0.3 0.3 0.5 0.0
1969 10.4 3.1 0.0 1.1 0.8 0.1 1.4 0.9 3.9 4.8 0.1 0.2
1970 5.3 7.1 0.0 0.3 0.1 1.3 0.9 0.1 4.3 21 8.0 11.2
1971 0.2 9.8 11.6 7.8 1.4 0.0 0.0 4.7 7.1 7.8 0.7 0.0
1972 0.4 1.8 0.0 0.4 11.5 3.1 9.6 2.7 6.6 4.0 0.5 7.0
1973 0.6 10.4 0.1 0.1 0.1 1.7 0.7 2.9 5.2 1.0 224 10.5
1974 18.8 10.5 12.8 1.8 2.1 0.0 3.8 0.6 4.2 1.7 0.2 0.0
1975 1.6 0.9 3.8 2.9 0.6 3.1 11.4 9.6 15.4 7.6 4.5 13.6
1976 5.7 6.5 4.8 0.0 0.1 0.0 3.7 4.6 4.9 0.1 1.3 1.1
1977 1.2 2.9 4.5 1.6 2.0 6.1 6.1 4.8 24 5.5 6.5 5.4
1978 0.5 33.0 1.6 1.0 4.3 0.2 0.4 0.0 0.0 1.4 0.0 0.2
1979 1.2 1.6 0.7 0.5 0.2 0.3 4.6 1.1 0.0 0.4 1.0 2.7
1980 0.3 0.0 3.9 2.8 0.2 0.5 0.1 0.0 0.9 0.2 0.6 0.2
1981 0.1 1.0 11.4 0.5 1.2 2.8 1.5 0.4 0.3 1.3 0.0 0.5
1982 4.7 0.0 0.0 0.1 1.1 7.0 10.0 16.3 10.9 13.1 26.4 21.0
1983 47.5 57.2 31.4 4.8 0.5 0.3 1.8 0.1 2.9 0.2 0.1 0.0
1984 0.0 0.9 2.2 0.1 0.0 1.7 0.0 0.0 0.0 1.1 0.2 0.5
1985 0.6 2.9 0.1 2.9 0.1 21 0.2 1.3 0.0 1.4 0.3 0.0
1986 2.3 7.2 0.0 0.0 0.8 1.2 0.1 24 0.9 0.8 6.2 8.7
1987 2.3 9.4 11.0 9.3 8.0 7.9 8.0 6.1 3.8 1.3 0.0 1.4
1988 0.1 2.0 0.0 0.0 1.7 0.2 3.0 4.9 11.6 5.0 9.2 4.2
1989 7.5 3.3 1.1 6.5 3.6 0.6 1.9 1.6 0.8 1.0 0.4 1.4
1990 0.1 15.6 3.6 0.0 3.3 0.0 0.6 1.0 1.7 0.0 1.2 0.6
1991 1.0 0.0 5.0 2.8 5.8 0.8 0.1 2.0 8.5 5.9 1.9 13.6
1992 31.2 5.3 23.3 5.4 0.0 3.6 1.7 0.0 0.0 10.1 2.0 2.0
1993 3.9 4.3 3.1 6.9 1.1 4.9 3.4 5.8 1.7 6.1 0.1 0.0
1994 0.2 0.0 5.0 8.3 2.9 2.4 8.2 8.7 9.1 6.7 1.4 6.5
1995 1.0 0.6 0.1 3.2 1.4 0.1 0.3 0.0 0.3 0.2 0.0 1.7
1996 2.8 0.0 1.3 1.1 0.1 2.7 0.9 0.5 1.1 0.4 0.1 1.8
1997 0.7 6.9 3.5 2.0 8.9 10.4 2.8 11.3 6.8 9.7 5.4 4.3
1998 29.5 19.0 32.7 10.1 0.0 1.4 4.2 2.5 3.9 2.6 3.1 54
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1999 10.4 1.5 1.9 4.9 0.0 0.0 0.7 0.0 0.0 2.1 3.2 6.2
2000 1.2 7.0 2.5 3.5 0.1 0.9 0.5 0.4 2.8 2.5 10.9 1.2
2001 3.2 5.8 0.6 0.0 1.9 0.0 0.5 2.5 0.1 0.4 1.4 3.7
2002 0.5 2.2 2.0 0.3 4.0 1.2 1.3 6.8 1.3 1.4 0.9 5.5
Step 11. Monthly Standard Deviation (MSD)
MSD = 1.65
Step 12. Southern Oscillation Index (SOI)
YEAR JAN [FEB |MAR |APR |[MAY |JUN JUL AUG SEP OCT NOV DEC
1882 -1.02 |-0.29 ]0.38 |0.03 |0.54 -1.16 -2.11 -2.78 -1.65 0.00 0.12 1.02
1883 0.83 |-1.25 |-3.18 [|1.13 [1.11 0.21 -1.14 0.01 -0.99 0.30 0.21 -2.17
1884 -1.70 |-0.95 [0.90 |-1.02 |0.10 0.66 -0.35 -0.73 -0.66 0.27 -0.23 -1.76
1885 -2.22 10.04 055 |-0.01 |-0.15 |-1.17 -0.44 -1.09 -0.35 -1.99 -1.56 0.56
1886 -0.18 |-0.05 ]0.29 0.20 |0.58 0.21 0.68 1.22 1.42 1.32 0.84 1.54
1887 1.60 |1.20 [1.01 0.62 |-0.37 |0.28 0.38 0.25 0.57 0.53 -0.60 0.60
1888 -0.61 |-0.33 |-1.41 |-1.76 |-0.81 -1.32 -1.56 -0.95 -1.09 -1.50 -1.42 -0.40
1889 -3.44 |-0.26  |-3.39 |-0.03 |-0.10 1.64 0.15 0.01 1.04 0.23 1.90 2.51
1890 257 [1.40 [1.51 0.62 |0.28 0.42 -0.38 -0.48 0.83 0.28 0.04 -0.14
1891 2.04 |-0.66 |-1.30 |0.42 |0.02 -0.15 -0.63 -0.83 -0.98 0.03 -0.57 -0.72
1892 021 |-11.51 [1.21 0.54 10.90 1.36 0.81 0.42
1896 0.66 [1.07 |-0.26 |-0.13 |-2.58 [-1.96 -1.44 -1.60 -1.44 -1.40 -0.63 -1.27
1897 -1.62 |-1.09 |-2.05 |-1.36 |-1.45 |-0.17 -0.14 0.07 0.04 0.13 -0.94 1.08
1898 0.85 057 197 |0.78 |-0.14 |-0.26 0.62 0.70 0.97 0.34 0.07 0.32
1899 160 1099 [1.36 020 |-0.54 |-0.80 -0.60 -1.11 -0.19 0.63 1.43 -0.50
1900 -0.96 |-0.99 |-8.15 |-1.42 |-0.60 |1.88 0.96 0.57 -1.79 -2.02 -0.74 -0.74
1901 -0.17 10.25 [1.02 0.35 |-0.01 1.43 1.40 0.92 -1.67 -2.48 -1.03 -0.34
1902 2.20 |-0.40 [1.25 0.57 |0.76 0.18 0.07 -0.95 -1.83 -0.84 -0.46 -0.42
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1903 -1.27 |-1.55 [1.80 142 10.74 -0.10 0.42 -0.07 0.86 0.42 0.01 1.78

1904 1.75 195 1094 233 |0.73 -0.72 -1.00 -0.05 0.12 -0.10 -1.73 0.14

1905 -1.22 |-12.49 |-3.57 |-3.24 |-3.02  |-2.50 -2.02 -0.94 -0.74 -0.80 -1.83 -1.84
1906 -0.63 |-1.22 -0.39 0.50 1.41 1.87 0.80 1.83

1909 -0.34 |-043 |-0.28 |-1.08 |0.14 1.60 1.02 0.80 0.01 0.21 0.59 0.48

1910 0.57 192 [1.32 |0.28 |0.10 1.64 1.98 0.86 1.48 0.90 1.70 1.86

1911 0.23 013 |0.26 |0.04 |-0.58 |-1.08 -1.31 -1.27 -0.92 -1.37 -0.90 -0.39
1912 -1.42 |-2.38 |-1.22  |-1.71 |-0.95 |-0.57 -0.21 -0.95 -0.50 -0.83 0.09 -1.19
1913 -0.52 |-0.78 |-0.10 |-0.57 |-0.56  |-0.46 -0.19 -0.97 -1.06 -1.05 -1.21 -1.02
1916 0.55 |-0.57 |-0.98 |-0.04 |0.43 0.57 2.41 1.40 0.39 0.51 0.82 1.60

1917 0.59 [1.38 [1.92 1.65 [1.76 1.58 2.53 3.22 3.16 1.51 1.91 2.61

1918 1.79 |2.07 |-0.40 |1.35 |0.86 -0.44 -1.49 -0.56 -0.76 -0.63 -0.09 -1.09
1919 -2.15 |-1.61 |-1.65 |-0.19 |-0.69 |-0.94 -0.94 -0.94 -0.52 -1.21 -1.23 -1.28
1920 0.09 |-0.46 |-0.66 |-0.08 |-0.24 |0.31 0.79 0.29 0.59 -0.61 -0.12 0.94

1921 1.44 10.69 0.25 -0.77 0.44 0.96 0.61 0.78

1922 0.88 [1.02 048 |-0.38 |-0.51 0.24 0.07 -0.26 0.48 0.45 0.73 1.23

1923 0.61 037 |0.85 |0.60 |0.12 -0.15 -1.17 -1.93 -1.55 -0.69 -1.37 0.17

1924 -0.72 |-0.01 0.24 |-1.16 |0.92 0.47 0.68 0.97 0.76 0.66 1.03 0.44

1925 062 [1.74 144 1098 |-0.12 |-0.45 -1.36 -1.17 -0.63 -1.52 -1.08 -1.14
1926 -1.93 |-3.11 |-2.65 |-1.58 |-1.20  |-1.65 -1.21 -1.95 -0.88 -0.76 -1.05 -0.51
1927 0.54 |-0.07 197 |0.62 |0.53 -0.56 -0.92 0.82

1928 -1.26 1.25 [1.37 096 |-0.19 |-0.68 0.01 0.86 0.95 0.91 0.06 1.37

1929 1.88 228 |0.50 |0.34 |-0.97 |0.06 0.25 -0.12 -0.06 0.72 0.96 0.59

1930 1.50 10.76 |0.02 -0.16 |0.14 -0.55 -0.47 -0.36 -0.74 0.43 0.11 -0.38
1933 -1.59 10.39 |-0.37 |0.27 |0.49 -0.43 0.22 -0.24 0.30 0.22 0.51 0.85

1934 0.71 0.01 |-0.10 0.43 |-0.54 |0.83 0.20 -2.43 -0.72 0.27 1.05 -0.40
1935 0.75 |-0.69 [1.28 0.27 |-0.38 |-0.23 0.01 0.09 0.58 0.67 0.17 -0.63
1936 -0.30 |-0.13 |-0.01 |0.45 |0.38 -0.30 0.33 -1.01 0.16 -0.07 -1.44 -0.10
1937 1.06 |-0.81 |0.57 |0.06 |-0.06 |0.14 -0.54 0.12 0.07 -0.45 -0.52 0.60

1938 0.81 10.39 |-0.51 ]0.31 [1.01 1.33 1.79 0.99 0.88 1.30 -0.02 1.58

199




1939 2.09 10.80 [1.11 0.71 |-0.09 |-0.18 0.80 -0.32 -1.06 -1.71 -1.00 -1.23
1940 -0.08 |-0.80 |-1.32 |-0.65 |-1.15 |-1.66 -1.60 -1.89 -2.00 -1.88 -0.85 -2.56
1941 -1.35 |-12.15 |-11.39  |-0.85 |-0.55  |-1.22 -2.01 -2.00 -0.89 -2.22 -1.06 -1.18
1942 -1.77 |-0.68 |-0.81 |-0.41 |0.36 0.51 -0.16 0.22 0.85 0.72 -0.58 1.58
1943 118 |1.20 |0.31 1.02  10.21 -0.73 0.20 0.61 0.53 0.80 0.20 -1.23
1944 -1.18 10.38 |0.51 -0.41 |-0.07  -0.41 -0.90 0.22 0.26 -1.01 -0.81 0.33
1945 0.60 069 |[1.34 |-0.54 |-0.02 |0.51 0.30 1.01 0.89 0.15 -0.47 0.69
1946 -044 10.39 |-0.35 |-0.73 |-0.92 |-0.86 -1.04 -0.56 -1.74 -1.38 -0.28 -0.86
1947 -0.71 |-0.74 |1.20 |-0.37 |-1.08 |0.09 0.88 0.53 1.20 -0.33 0.71 0.48
1948 -0.46 |-0.54 |-0.66 |0.18 |0.28 -0.49 0.00 -0.61 -0.85 0.50 0.23 -0.84
1949 -1.05 |0.07 045 010 |-049 |-1.04 -0.23 -0.56 0.17 0.41 -0.74 0.73
1950 0.52 [2.09 |1.89 1.16  |0.56 1.95 2.00 1.06 0.69 1.63 0.96 2.64
1951 1.65 0.63 |-0.81 |-0.64 |-1.03 |-0.30 -1.39 -0.70 -1.29 -1.40 -0.98 -0.98
1952 -1.20 |-1.10 |0.02  |-0.54 |0.58 0.47 0.42 -0.40 -0.27 0.16 -0.15 -1.59
1953 0.23 |-0.96 |-0.83 |-0.08 |-2.21 -0.30 -0.13 -1.88 -1.45 -0.19 -0.40 -0.69
1954 0.60 |-0.70 |-0.33 |0.39 |0.25 -0.31 0.26 0.80 0.18 0.06 0.10 1.44
1955 -0.68 [1.73 |0.08 |-0.47 |0.87 1.05 1.66 1.23 1.49 1.49 1.33 1.04
1956 1.37 146 10.93 10.74 [1.31 0.81 1.05 0.91 0.02 1.83 0.09 1.01
1957 0.60 |-0.48 |-0.39 10.01 |-1.02 |-0.24 0.09 -1.02 -1.07 -0.16 -1.23 -0.52
1958 -2.29 |-0.97 |-0.31 012 |-0.88 |-0.15 0.26 0.59 -0.43 -0.25 -0.61 -0.88
1959 -1.23 |-11.93 |0.87 |0.18 ]0.26 -0.55 -0.47 -0.57 -0.02 0.31 0.95 0.84
1960 0.02 |-0.27 |0.55 0.62 |0.31 -0.30 0.39 0.50 0.70 -0.13 0.54 0.76
1961 -0.40 0.69 |-2.71 |0.65 [0.10 -0.29 0.10 -0.24 0.06 -0.67 0.56 1.58
1962 2.16  |-0.69 |-0.43 |-0.04 ]0.96 0.36 -0.13 0.34 0.46 0.86 0.25 0.05
1963 110 10.37 |0.67 0.62 |0.13 -0.98 -0.28 -0.48 -0.70 -1.61 -1.01 -1.56
1964 -0.53 |-0.32 |0.68 1.083 |-0.06 |0.44 0.44 1.33 1.41 1.24 0.04 -0.52
1965 -0.64 |0.07 |0.22 |-0.82 |-0.09 |-1.02 -2.20 -1.20 -1.51 -1.22 -1.79 0.02
1966 -1.69 |-0.66 |-1.71 |-0.49 |-0.69 |-0.01 -0.11 0.31 -0.27 -0.37 -0.10 -0.59
1967 1.83 |1.56 |0.82 |-0.26 |-0.30 |0.34 0.02 0.45 0.60 -0.19 -0.62 -0.84
1968 0.37 [1.08 |-0.50 |-0.24 [1.13 0.85 0.60 -0.14 -0.33 -0.31 -0.45 0.05
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1969 -1.96 |-1.07 |-0.11  |-0.64 |-0.56  |-0.17 -0.73 -0.56 -1.19 -1.33 -0.16 0.29
1970 -1.40 |-1.61 |0.04 |-0.35 [0.14 0.70 -0.59 0.22 1.26 0.88 1.72 2.03
1971 0.25 [1.90 |2.06 1.70 10.72 0.11 0.07 1.31 1.62 1.70 0.52 0.05
1972 0.38 [0.82 0.08 |-0.39 |-2.06 [-1.07 -1.88 -1.00 -1.56 -1.22 -0.45 -1.60
1973 -046 |-1.95 [0.16  |-0.20 |0.21 0.80 0.52 1.04 1.39 0.61 2.87 1.96
1974 263 [1.96 217 |0.82 |0.87 0.08 1.18 0.48 1.24 0.79 -0.28 0.00
1975 -0.76 |0.58 [1.18 1.04 |0.46 1.07 2.05 1.88 2.38 1.67 1.29 2.24
1976 145 155 [1.33 1010 |0.20 -0.11 -1.16 -1.31 -1.34 0.22 0.69 -0.64
1977 -0.66 [1.04 |-1.28 |-0.78 |-0.87  |-1.49 -1.50 -1.33 -0.95 -1.42 -1.54 -1.41
1978 -0.42 |-3.48 |-0.77 |-0.61 [1.25 0.28 0.40 0.02 0.03 -0.72 -0.09 -0.27
1979 -0.65 |0.78 |-0.51 |-0.43 |0.30 0.35 1.30 -0.63 0.10 -0.38 -0.61 -1.00
1980 0.32 |-0.03 |-1.19 |-1.02 -0.28 |-0.43 -0.22 0.02 -0.57 -0.26 -0.48 -0.28
1981 0.22 |-0.62 |-2.05 |-0.42 |0.66 1.01 0.75 0.37 0.35 -0.70 0.07 0.45
1982 1.31 |-0.06 |0.05 |-0.16 |-0.64 |-1.60 -1.92 -2.45 -2.00 -2.19 -3.12 -2.78
1983 -4.18 |-4.59 |-3.40 |-1.32 |0.45 -0.33 -0.82 -0.20 1.03 0.25 -0.19 -0.09
1984 0.11 057 |-0.89 |0.17 |-0.03 |-0.79 0.04 0.03 0.11 -0.62 0.24 -0.44
1985 -0.45 [1.03  |0.19 1.03 |0.15 -0.88 -0.27 0.69 -0.04 -0.72 -0.32 0.13
1986 091 |-1.63 |-0.04 ]0.07 |-0.53 |0.67 0.15 -0.95 -0.59 0.53 -1.51 -1.79
1987 -0.93 |-1.86 |-2.01 [-1.84 |-1.72  |-1.71 -1.71 -1.49 -1.18 -0.69 -0.10 -0.71
1988 -0.18 |-0.86 |0.09  |-0.09 |0.80 -0.24 1.06 1.35 2.06 1.35 1.84 1.25
1989 1.66 |1.10 ]0.63 1.55 [1.16 0.49 0.83 -0.76 0.56 0.61 -0.37 -0.72
1990 -0.22 |-2.39 |-1.14 |-0.04 |1.10 -0.05 0.47 -0.62 -0.80 0.07 -0.68 -0.45
1991 0.60 |-0.09 |-1.35 |-1.01 |-1.46 |-0.53 -0.15 -0.86 -1.77 -1.48 -0.83 -2.23
1992 -3.39 |-1.40 |-2.93  |-1.41 |0.03 -1.15 -0.80 0.00 0.01 -1.93 -0.85 -0.86
1993 -1.20 |-11.26  |-1.06  |-1.59 |-0.62  |-1.34 -1.12 -1.46 -0.80 -1.50 -0.16 0.04
1994 -0.30 |-0.09 |-1.35 |-1.75 |-1.03 |-0.94 -1.74 -1.79 -1.83 -1.57 -0.71 -1.55
1995 -0.61 |-0.48 |0.23 |-1.09 |-0.72  |-0.22 0.34 -0.05 0.31 -0.28 -0.04 -0.79
1996 1.02 |-0.10 |0.70 0.64 |0.15 0.99 0.59 0.43 0.62 0.41 -0.19 0.82
1997 051 [1.59 |-1.13 |-0.85 |-1.81 -1.96 -1.02 -2.04 -1.58 -1.89 -1.42 -1.25
1998 -3.30 |-2.65 |-3.47 |-1.93 |0.05 0.72 1.24 0.97 1.20 0.99 1.06 1.41
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1999 196 10.74 10.84 |1.34 |0.08 -0.08 0.49 0.05 -0.06 0.89 1.09 1.51
2000 068 [161 096 [1.14 |0.19 -0.58 -0.42 0.36 1.02 0.96 2.00 0.66
2001 1.09 147 046 |-0.06 |-0.83 |-0.06 -0.41 -0.95 0.17 -0.36 0.72 -1.17
2002 044 089 |-0.85 |-0.35 |-1.22 |-0.67 -0.68 -1.59 -0.68 -0.73 -0.58 -1.43
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Appendix K Troupe SOI

Troupe SOI Calculation

This appendix calculates the ‘Troupe SOI, using the equation 6.2. The stepwise procedure for the calculation is as follows:

Step 1. Darwin Sea Level Pressure (mbar) (downloaded from http://www.bom.gov.au/climate/current/soihtm1.shtml)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1876 1004.8 | 1005.3 | 1006.4 | 1008.2 | 1010.9 | 1012.1 1014.3 | 1012.8 | 1011.6 | 1011 1008.6 | 1008.8
1877 1006.8 | 1007.7 | 10074 | 10109 | 10111 10149 | 10148 | 10139 |1013.8 |1012.6 | 1010.3 | 1008.7
1878 1006.8 | 1009.3 | 1008.3 | 1009.7 | 10106 | 10124 | 1011.7 | 10131 1010.2 | 1009.2 | 1008.2 | 1005.1
1879 1005.1 1005.3 | 1007 1009.3 | 1010.6 | 1011.9 | 1011.7 | 1011.6 | 1011.1 1009.9 | 1007.7 | 1006.8
1880 1004.3 | 1006.8 | 1006.7 | 1010 1010.3 | 10124 | 10141 1013 10125 | 1011.6 | 1009.8 | 1008.2
1881 1006.9 | 1007.3 | 1009.2 |1011.3 | 10109 |1012.5 |1014.3 | 10141 10131 1012.7 | 1007.8 | 1006

1882 1006.4 | 1006.4 | 1007.4 | 1008.5 | 1009.5 | 10122 |1013.2 |1013.2 | 1011.8 | 1010.1 1009.5 | 1005.7
1883 1007.4 | 1003 10091 1008.5 | 1010.5 | 10125 |10129 |1011.8 |1011.8 | 10101 10071 1006.8
1884 10074 | 10074 | 10074 |1011.2 |1011.2 | 10125 |1013.2 | 10125 |1012.2 | 1010.8 | 1009.1 1007.4
1885 1007.4 | 10064 | 10085 | 1010.5 | 10129 | 10135 |1014.2 |1013.2 |1013.2 | 10125 | 1011.2 | 1007.1
1886 1007.8 | 1005.7 | 1008.5 | 1009.1 1010.5 |1012.2 |1011.8 |1011.2 | 1010.8 | 1009.8 | 1008.1 1004.4
1887 1005.7 | 1004.7 | 10071 1008.5 | 1010.8 | 10125 |1013.5 |1012.5 |1012.2 |1011.2 | 1009.5 | 1008.1
1888 1005.4 | 1007.1 1009.8 | 1010.5 | 1011.2 |1013.2 | 1013.9 |1013.5 | 10125 |1012.2 | 1009.8 | 1008.8
1889 10091 1008.5 | 101041 10101 1011.2 | 1011.2 | 10129 |10129 |1010.8 | 10101 1005.7 | 1004.4
1890 1004 1006.4 | 1006.8 | 1008.8 | 1010.8 | 1011.5 | 1012.5 |1012.2 | 1010.5 | 1009.8 | 1009.1 1007.4
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1891 10054 | 1006.8 | 1009.1 10101 1012.2 | 1013.2 | 1014.2 | 10149 |1013.9 |1011.5 | 101041 1008.8
1892 1006.4 | 1008.1 1006.1 1009.8 | 1011.8 | 1011.8 | 1013.2 |1012.2 | 1011.2 | 1009.1 1008.1 10071
1893 1005.7 | 1005.7 | 1008.8 | 1009.1 1011.2 | 1011.8 | 1012.2 | 1013.2 | 1011.5 | 1009.5 | 1008.8 | 1007.8
1894 1003.4 | 1006.1 10074 |1009.5 |1011.8 |10129 |1013.9 |10125 |1012.2 |1010.8 | 1009.1 1007.8
1895 1005.4 | 10071 1008.5 | 10101 1012.2 | 10129 |10129 |10125 |1011.8 | 1010.8 | 1010.8 | 1007.8
1896 1006.1 1006.1 1007.8 | 1009.1 1013.9 | 1013.2 | 10135 | 10149 | 10135 |1012.9 | 1010.1 1009.5
1897 1007.8 | 10074 |1009.8 | 1010.8 | 10125 |10125 |10139 |1013.2 |1011.8 | 1010.8 | 1009.1 1005.7
1898 1006.1 1005.1 1004 1009.1 10115 |1012.2 |1013.2 |1013.5 |1011.8 | 1010.5 | 1007.8 | 10071
1899 1005.4 | 1007.1 1006.1 1009.1 1011.5 |1013.2 | 1013.5 | 10129 |10125 |1011.9 | 1009.8 | 1008.1
1900 1007.8 | 1008.1 1009.8 | 1010.8 | 10115 |10119 |1012.2 |1011.2 |1011.5 |1010.5 | 10091 1008.5
1901 1006.4 | 1006.8 | 1007.5 | 1009.8 | 1011.5 |[1012.2 |1013.2 |1013.2 | 10129 |1010.5 | 1009.8 | 1007.5
1902 1005.8 | 1008.1 1008.1 1010.2 | 10129 |1013.2 |1013.9 |1013.5 |1013.5 |1012.2 | 1010.8 | 1008.5
1903 1008.1 1008.5 | 1005.8 | 1009.1 1011.2 [ 10129 |1011.5 |10129 |1011.2 |1010.2 | 1008.5 | 1005.4
1904 1005.8 | 1005.4 | 10071 1007.5 |1010.8 |1013.2 |1013.2 |1013.2 |1012.2 | 1009.8 | 1010.2 | 1007.8
1905 1007.8 | 1007.8 | 1010.8 | 1010.8 | 1011.2 | 10129 |1013.9 |1013.5 |1011.9 |1010.2 | 1010.8 | 1008.5
1906 1006.4 | 10071 1008.5 | 1009.8 |1011.2 |1012.2 | 10119 |10125 |1010.5 |1009.8 | 10071 1006.8
1907 1005.1 1006.1 1008.1 1009.8 | 1011.5 | 10115 |10125 |10129 |1012.2 | 1010.5 | 1008.8 | 1005.8
1908 1007.8 | 1005.4 | 10071 1008.1 1011.2 | 10129 |10129 |10125 |1011.9 |1010.2 | 1008.5 | 1007.1
1909 1005.8 | 1007.8 | 1005.8 | 1009.8 | 1010.5 | 1011.5 |1012.2 | 1011.9 | 1011.2 | 1009.5 | 1008.1 1006.8
1910 1004.4 | 10051 1006.8 | 1008.1 1011.2 | 1011.2 | 10119 |10119 |1010.5 |1010.5 | 10071 1005.8
1911 10054 | 1005.8 | 1007.8 | 1008.5 | 10119 |1013.9 |1013.5 |1013.5 |1012.2 |1011.9 | 1009.8 | 1007.5
1912 1007.5 | 1009.1 1008.1 1011.5 10125 | 10125 | 10119 |1013.2 |1011.2 | 1011.2 | 1008.8 | 1008.5
1913 1006.1 10071 1006.8 | 1009.5 | 10125 |1013.2 | 10139 |10129 |1013.2 | 10119 |1010.2 | 1008.1
1914 1008.5 | 1008.5 | 1007.5 | 1010.5 |1011.2 |1013.5 |1014.2 | 10149 |1013.5 | 1013.5 | 1010.8 | 1008.5
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1915 1008.5 | 1007.8 | 1010.5 |1011.2 | 1011.9 |[1011.9 |1011.9 |1012.5 |1010.5 |1009.8 | 1008.5 | 1005.4
1916 1005.1 | 1006.1 | 1007.5 | 1009.8 | 1009.8 | 1010.5 |1011.2 | 1012.2 |1010.8 | 1009.1 | 1007.8 | 1004.1
1917 1006.1 | 1007.5 | 1005.8 | 1008.5 |1010.5 |1011.2 |1010.8 |1010.8 |1010.5 |1009.8 |1007.5 | 1005.1
1918 1005.4 | 10054 |1008.8 |1009.1 | 1010.8 |1012.5 |1013.9 |1013.5 |1014.2 |1011.2 | 1009.1 | 1008.1
1919 1007.1 | 1008.8 | 1008.5 | 1009.5 | 1010.8 | 1012.9 |1013.2 |1013.5 [1012.5 |1011.2 | 1009.8 | 1008.1
1920 1005.1 | 1006.8 | 1008.8 | 1008.8 |1010.8 |1010.2 |1011.2 [1011.9 |[1011.2 |1010.2 |1008.5 | 1005.4
1921 1005.1 | 1006.4 | 1006.8 |1010.2 | 1010.2 |1010.5 |1012.2 |1013.2 |1011.9 |1010.5 | 1008.8 | 1006.1
1922 1005.4 | 1005.1 | 1006.8 | 1009.5 | 1010.5 |1011.5 |1012.5 |1012.9 [1011.5 |1010.5 | 1008.8 | 1006.1
1923 1005.1 | 1006.4 | 1006.4 |1008.1 |1010.2 |1011.5 |1013.9 |[1014.6 |10125 |1011.5 |1009.5 | 1007.1
1924 1007.5 | 1006.8 | 1007.5 |1009.5 | 1010.5 |1012.2 |1013.2 |1012.9 |1011.9 |1009.5 | 1008.1 | 1005.8
1925 1005.4 | 1004.1 | 1005.1 | 1007.8 | 1010.5 |1012.2 |1013.9 |1012.9 [10129 |1011.5 |1010.2 | 1008.1
1926 1006.4 | 1008.5 |1009.5 |1010.2 [1011.2 |1012.9 |[1012.9 |[1012.9 |[1011.5 |1009.8 |1009.5 | 1006.4
1927 1005.1 | 1006.8 | 1006.8 | 1008.8 |1010.8 |1011.9 |[10125 |[1013.2 [10125 |1011.2 |1009.5 | 1007.1
1928 1008.5 | 1005.8 | 1006.4 | 1009.1 | 1011.9 |1012.9 |1012.9 |1013.2 |1011.9 [1009.5 | 1009.5 | 1006.4
1929 1003 1004.4 | 1007.5 |1009.5 |1011.9 |[1013.5 [1013.9 |[1013.2 [1012.5 |1010.8 |1008.1 | 1006.4
1930 1004.7 | 10064 | 1008.1 |1010.2 | 1011.9 |1012.9 |1013.5 |1013.5 |1013.2 |1011.9 | 1010.8 | 1007.8
1931 1006.4 | 1008.5 | 1008.5 | 1009.5 |1011.5 |1012.5 |1013.2 | 10125 |1011.2 [1011.5 | 1008.8 | 1006.8
1932 10054 | 1007.5 |1007.8 |1010.2 [1011.2 |10125 |1013.5 |[1013.5 |1011.5 |1010.2 |1009.1 | 1006.4
1933 1006.8 | 10054 | 1006.8 | 1009.5 |[1011.2 |10125 |[1012.9 |[1013.2 |1011.9 |1009.8 |1008.1 | 1006.4
1934 1005.8 | 1007.5 | 1007.1 | 1008.8 | 1011.5 |1011.9 |10125 |1013.5 |1012.2 |1010.8 | 1008.5 | 1007.5
1935 10054 | 1007.5 |1006.1 |1009.5 |1012.2 |1012.9 |[1012.9 |[1013.5 |1010.8 |1009.8 |1009.1 | 1008.1
1936 1006.8 | 1006.8 | 1007.5 |1009.1 |[1010.2 |10125 |[10125 |[1012.2 |1011.5 |1010.8 |1009.5 | 1006.8
1937 1005.1 | 1007.8 | 1006.1 | 1009.1 | 1011.9 |1012.2 | 10135 |1012.5 |1012.5 |1010.8 | 1008.1 | 1006.4
1938 1005.1 | 1005.8 | 1008.1 | 1009.1 |1009.8 |1011.5 |1011.9 [1011.5 |[1011.9 |1010.8 |1007.8 | 1006.8
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1939 1004.7 | 1005.8 | 1006.4 | 1009.1 |1011.2 |10125 |1012.9 |[1011.5 |1013.2 |1011.5 |1009.1 | 1009.1
1940 1005.8 | 1006.4 | 1008.8 | 1010.8 |[1012.2 |1013.9 |1014.2 |[1014.2 |1014.2 |1013.9 |1009.5 | 1009.8
1941 1007.8 | 1009.7 |1008.7 |1010.6 |[1011.2 |1013.7 |[10154 |[1014.5 |1012.7 |1011.9 |1009.2 | 1008.8
1942 1008.5 | 1006.3 | 1008.6 | 1010.3 | 1009.8 | 1011.8 |1013.2 |1012.1 |1011.1 |1009.5 | 1008.3 | 1006.7
1943 1006.3 | 1004.9 | 1007.4 |1008.8 | 1010.8 | 1013.1 |1012.6 | 1012 1011.1 | 1009.7 | 1008.4 | 1007.7
1944 1007.2 | 1006.7 | 1007.6 |1010.2 |1011.6 |1013.1 | 1014 1013.5 [ 10124 |1011.3 | 1009 1006.3
1945 1006.5 | 1006.4 | 1005.8 |1010.3 |1011.3 |1011.8 |1013.4 |[1012.2 |1011.9 |1011.1 |1009.3 | 1007.2
1946 1006.3 | 1005.5 | 1008.6 |1010.4 | 1011.6 |1013.2 |1013.8 | 10134 |1012.7 |1011.8 | 1009.2 | 1007.3
1947 1007.5 | 1006.3 | 1007 1009.6 | 10124 | 10126 |1013.2 |1011.6 |1011.5 |1010.6 | 1008.2 | 1006.7
1948 1007.3 | 1006.5 | 1007.6 | 1009 1010.8 | 1012.7 |1012.3 |1012.2 |1012.2 |1010.4 |1007.6 | 1007.7
1949 1007.3 | 1005.6 | 1006.2 | 1010.1 |1011.1 |1013.5 | 1013 1013.4 | 1011.8 | 1009.8 | 1009 1005.2
1950 1004.7 | 1004.3 | 1006.5 |1007.7 |1009.9 |1010.7 |1012.1 | 1012 1011.7 | 1009.5 | 1006.5 | 1004.4
1951 1005.3 | 1005.1 | 1007 1009.4 | 1011.9 |1011.2 |1013.3 |1013.2 | 10125 |1011.4 |1009.5 | 1008.9
1952 1006.7 | 1007.1 | 1008.3 | 1010.3 |1010.3 | 10125 | 1013 1012.6 | 1012.1 | 1009.9 | 1007.7 | 1008.4
1953 1006.9 | 1007.3 | 1008 1008.9 | 1013.6 | 10125 |1013.9 |1013 1013.2 | 1010.8 | 1009.4 | 1008.1
1954 1004.9 | 1007.3 | 1007.7 |1007.7 |1010.1 |1012.3 | 10124 |1011.8 |1011.9 |1010.7 |1009.1 | 1006.5
1955 1008.3 | 1003.7 | 1006.7 | 1008.9 |1009.4 |1010.9 |1011.7 |[1011.4 |1010.9 |1009.3 |1007.6 | 1007.6
1956 1004.8 | 1004.7 | 1006.9 |1008.3 |1009.1 |1011.3 [1011.2 [1011.5 |1011.4 |1009.7 |1008.7 | 1005.6
1957 1006.5 | 1006.4 | 1007.8 |1009.5 |[1012.3 |10125 |[1012.9 |[1013.3 |[1013.1 |1011.5 |1009.8 | 1007.7
1958 1008.5 | 1007.1 | 1008.1 | 1008.9 |1010.5 |1011.6 |1012.4 |[1011.6 |1011.5 |1009.6 |1009.1 | 1008.3
1959 1006.1 | 1008.7 | 1006.9 |1008.9 |1010.4 |1012.8 |1013.5 |[1013.1 |[1011.9 |1010.5 |1007.7 | 1006.1
1960 1006.5 | 1006.9 | 1007.1 | 1008.5 | 1010 1012.5 | 10125 [1012.5 |1010.5 | 1010.7 | 1008.7 | 1007.2
1961 1007.2 | 1006.4 | 1009.4 |1009.1 |1011.1 |1012.9 |1013 1013.1 [ 1012.1 | 1010.4 | 1009.2 | 1006.7
1962 1005.1 | 1005.6 | 1008.4 |1009.7 |1010.1 |1011.7 |[1012.3 [1013.5 |1011.1 |1009.8 |1008.2 | 1007.3
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1963 1005.8 | 1008 1006.7 | 1008.6 | 1010.4 |1013.3 | 1013.5 |1012.3 |1012.7 | 1012.2 | 1010.4 | 1009.1
1964 1007.3 | 1007.1 | 1007 1009.2 | 1010.3 | 1012 1012 1012.1 | 10104 | 1009.5 | 1007.8 | 1007.6
1965 1006.3 | 1005.7 | 1006.9 | 1011.3 | 1011.1 | 1014 1015.4 | 1013.7 |1013.3 | 1012.4 |1010.4 | 1006.6
1966 1007.5 | 1006.7 | 1008.6 | 1009.9 |1012.3 |1013.3 |1012.9 |[1012.6 |1012.1 |1011.3 |1008.9 | 1007.6
1967 1005 1005.6 | 1007.2 |1010.7 |1011.1 | 10125 |1012.8 |1012.8 |1012.8 |1010.8 |1008.9 | 1007.8
1968 1004.1 | 1005.1 | 1008.2 | 1009.7 |1009.5 |1012.2 |1012.7 |1012.7 |1012.2 | 1011 1009.8 | 1007.4
1969 1005.8 | 1006.4 | 1008.3 | 1010.9 | 1011 1012.7 | 1013.5 |1013.4 |1011.8 | 1011.5 | 1009.1 | 1006.9
1970 1008.2 | 1007.2 | 1007.2 | 1010 1010.6 | 1011.9 | 1013.8 | 1012 1010.1 | 1008.7 | 1007.5 | 1005.3
1971 1005.8 | 1004.5 | 1006 1008 1010.4 | 1013 1012.5 | 1011.7 | 1010.8 | 1009.5 | 1008.3 | 1005.8
1972 1005.8 | 1005.1 | 1006.7 | 1010.6 | 1012.4 |1012.8 |1013.8 |1013.8 |1013.7 |1012.6 | 1009.8 | 1009.6
1973 1007.3 | 1008.3 | 1007.4 | 1009 1010.8 | 1011 10124 | 1011.5 |1011.4 |1009.6 | 1005.8 | 1006.6
1974 1004 1004.4 | 1005.5 | 1008.8 | 1011 1012.4 | 1012.7 | 1012.1 | 1011 1009.7 | 1007.8 | 1006.6
1975 1006.4 | 1006.9 | 1006.6 | 1007.8 |1010.4 |1011.4 |1011.8 |1011.3 |1010.5 |1008.9 |1008.2 | 1005.6
1976 1005.1 | 1005.4 | 1005.6 | 1009.9 | 1012 10125 | 1014.2 | 1014.1 | 1013 1010 1007.7 | 1006.4
1977 1005.9 | 1005.6 | 1008.1 | 1009.3 | 10114 |1013.5 |1013.6 | 1013.6 | 1013 1012.3 | 1010 1008.2
1978 1008.2 | 1008.8 | 1009.5 |1010.1 |1009.4 |1011.1 |1011.2 | 1012 1011.6 | 1010.8 | 1009.5 | 1007.4
1979 1006 1006.9 | 1007.9 |1009.7 |1011.2 |1012.6 |1014.6 |1013.3 |1011.7 | 1011 1009.1 | 1008.6
1980 1005.9 | 1006.3 | 1007.2 | 1009.7 |1011.3 |1012.6 |1013.2 |1013.4 |1012.7 |1010.7 |1009.1 | 1007.3
1981 1005.1 | 1006.2 | 1009.9 | 1009.9 |1010.6 | 1011.6 |1011.7 |1012.3 |1011.2 | 1011 1008.4 | 1007.5
1982 1006.5 | 1007 1007.4 | 1010 1011.9 | 1014 1014.5 | 1014.7 |1014.3 | 10125 |1011.1 | 1009.3
1983 1009.8 | 1010.3 | 1010.1 | 1010.1 | 1011.6 |1013.3 |1014.4 |1014.2 | 10121 |1010.5 | 1009.7 | 1008.5
1984 1007.1 | 1005.3 | 1008 1010.1 | 1011.1 | 1013.2 | 1013 1012.1 | 1011.7 | 1011.3 | 1009.3 | 1005.1
1985 1007.6 | 1005.4 | 1006.3 | 1007.5 |1009.4 |1012.6 |1013.6 |1012.4 |1011.5 |1010.7 |1008.4 | 1007.6
1986 1004.7 | 1006.9 | 1008.4 | 1009.3 | 1011.6 | 1011 1012.8 | 1012 1012.2 | 1010.9 | 1009.3 | 1009.7
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1987 1007.1 | 1007.4 |1010.7 |1011.5 |1012.6 |1013.1 |1014.8 |1014.3 |1013.5 |1011.2 |1008.9 | 1007.8
1988 1007.8 | 1006.7 | 1006.8 | 1010.1 | 1010.8 | 1013.9 |1012.8 | 10125 |1010.6 | 1009.1 | 1007.4 | 1006.6
1989 10054 | 1006.8 | 1007.3 |1007.6 |1010.1 |1012.8 |[1012.1 [1013.3 |1011.7 |1009.9 |1008.7 | 1008.9
1990 1006.9 | 1010 1008.3 | 1009.7 | 1010.3 | 1012.4 | 1012.8 |1013.5 |1013.3 | 1010.9 | 1009.1 | 1007.7
1991 1006.3 | 1006.5 | 1009.5 |1009.9 |1012.7 |1013.3 |1013.5 | 1014 1013.3 | 1011.1 | 1010.1 | 1008.5
1992 1010.1 | 1007.7 | 1010.5 | 1011 1011.1 [ 10125 |1014.7 |1012.8 |1011.2 |1011.2 |1009.5 | 1007.3
1993 1006.8 | 10064 | 1010.1 | 1011.4 | 10124 |1013.9 |1013.5 | 10153 |1013.4 | 1012 1009 1007
1994 1006.7 | 1006.5 | 1009.4 | 1010.8 | 1012 1012.9 | 1014.1 | 1014.9 |1013.5 |1011.9 | 1009.8 | 1009.3
1995 1007 1007.8 | 1007.2 | 1009.6 | 1011.6 | 1013 1012.7 [ 1013.2 | 1012 1010.2 | 1008.8 | 1007.5
1996 1005.7 | 1006.2 | 1007.4 |1009.1 |1012.2 |1012.4 | 10125 |1012.6 |1010.3 | 1009.9 | 1008.4 | 1005.6
1997 1007.3 | 1004.8 | 1008.6 | 1011.9 |1011.9 |1014.7 |1014.3 |1015.1 |1014.7 |1013.4 |1011.6 | 1008.6
1998 1007.8 | 1010.2 | 1010 1011 1011.5 [1012.2 | 10125 |1012.8 |1011.7 |1009.7 |1007.4 | 1005.8
1999 1005 1006.1 | 1006.3 | 1008.6 | 1012.1 | 1013 1013.2 | 1013.9 | 1012.4 |1010.4 | 1008.1 | 1006.7
2000 1006.7 | 1006.5 | 1007.4 | 1008.3 |1011.5 | 1013.4 |1013.1 [1012.3 | 10121 | 1009.3 | 1006.7 | 1004.8
2001 1007.2 | 1003.6 | 1007.6 |1009.2 |1012.1 | 1012 10134 | 1013.4 |1011.8 | 1010 1008.5 | 1007.8
2002 1007.3 | 1006.5 | 1008.9 |1009.9 | 1011.9 | 1013 1014.7 | 1013.7 | 1013.2 | 1010.8 | 1009.9 | 1009.1
2003 1006.8 | 1006.6 | 1008.5
Step 2. Tahiti Sea Level Pressure (mbar) (downloaded from http://www.bom.gov.au/climate/current/soihtm1.shtml)
YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
1876 1011.6 | 1012.2 | 10104 |1011.7 |1013.4 |10154 |1014.4 |1016.4 |1015.7 |1012.6 |1011.1 |1011.7
1877 1009.2 | 1010.9 |1010.5 |1012.1 |1013.2 | 1014 1014.2 | 1014.3 |1013.3 | 1012.9 |1011.3 | 1009.7
1878 1009.4 | 1009.4 | 1009.4 | 1011 10125 |1013.2 |1015.1 | 1016.8 | 10155 |1013.9 |1013.4 | 1012.1

208




1879 1012.2 | 1012.9 |1013.4 |[1013.2 | 10125 |1015.1 | 1016 1016.8 | 1016.6 | 1015.3 | 1012.1 | 1009.2
1880 1011 1013 1013.3 | 1013 1013.5 | 1014.7 [1015.3 |1016.9 | 1016.2 |1015.3 |1013.8 | 1011.3
1881 1009.8 | 1010.7 | 1013.5 |1013.7 | 1012 1013.1 | 10144 | 1014 1013.2 | 1011.7 [1011.8 | 1011.4
1882 1009.4 | 1010.7 | 1012.3 | 1011 1012 1011.9 | 1010.9 |1010.9 |1011.7 | 1012.6 |1012.8 | 1011.2
1883 1013.1 | 1009.5 | 1008.4 |1012.6 | 1013.9 |1014.1 |1012.3 |1013.7 |1012.8 |1013.8 | 1010.8 | 1007.3
1884 1009.2 | 1010.9 |1013.1 | 1011.7 | 1013 1014.8 | 1013.7 | 10134 |10134 |[1014.4 |1011.8 | 1008.4
1885 1008.4 | 1011.3 | 1013.4 |1012.8 | 1014 1012.9 | 10144 |1013.4 |1014.9 | 10125 [1011.7 | 1011.6
1886 1012.1 | 1010.6 | 1013 1012 1012.9 | 1014 1013.9 | 1015 10154 | 1014.9 |1012.6 | 1010.7
1887 1012.7 [ 1011.6 | 1012.9 | 1012 1011.9 | 1014.3 | 10152 |1014.9 |10154 |[1014.9 |1011.6 | 10126
1888 1009.2 | 1011.2 | 1011.6 | 1010 1011.6 | 10124 |1012.3 |1013.8 | 1013.3 | 1012.7 |1010.8 | 1011.8
1889 1008.1 | 1012.7 | 1009 1012.4 | 10126 |1015.1 |1014.1 | 1014.9 | 1015 1013.7 | 1012.1 | 1012.2
1890 1012.8 [ 1013.3 | 1013.4 | 1012 10129 | 10134 [1013.1 [1013.4 |[1014.4 |1013.3 |1012.4 | 1011

1891 1013.1 | 1010.6 | 1011.3 | 1013 1013.8 | 1014.2 | 1014.2 | 10152 | 1014.5 |1014.5 |1012.3 | 1011.4
1892 1011.4 | 1010.5 |1012.1 | 1013 1014.7 | 10154 [1015.3 | 1014.8 | 1014.6 | 1013.4 |1010.9 | 1011.3
1893 10125 [1011.9 [10125 |1011.6 |[10124 |1014.3 |1015.3 |[1016.1 |1014.8 |1013.7 |1012.1 | 1011.6
1894 1011.5 | 1012.8 | 1012.4 |1011.5 | 1012.8 | 1013.9 | 10145 | 1013.3 | 1014.3 | 1014 1013.1 | 1011.3
1895 1011 1012.3 | 10124 |1011.6 |1012.8 | 1013.5 [1013.8 |1013.2 |1013.5 |1012.8 |1012.4 | 1010.6
1896 1010.8 | 1011.7 |1010.6 | 10104 |[1010.2 |1010.6 |1011.3 [1013.1 [1012.7 |1012.7 |1011.2 | 1010.2
1897 1009.6 | 10104 | 1010.7 | 1011 1012 1013.7 | 1014.5 | 1015 1014.2 | 1014 1010.8 | 1011.2
1898 1012 1011 1011.5 | 1012.8 [ 10129 |1013.1 | 10151 [10155 |1014.7 |1013.3 | 1010.3 | 1010.5
1899 10126 | 1013.6 | 1012.6 | 1012 1012.2 | 1013.1 | 1013.6 | 1013 1014.6 | 1015.8 | 1015.1 | 1011

1900 1010.7 | 1011.3 | 1009.1 |1010.9 |[1012.2 |1016.3 |1014.7 |[1014.1 [1011.1 |1010.6 |1011.1 | 1010.9
1901 1010.8 | 1012 1013.2 | 1012.7 |1013.1 | 10158 | 10164 |1016.4 |1012.6 | 1009.8 | 1011.4 | 1010.6
1902 1013.8 | 1012.2 |1014.2 |1013.5 |10155 |1014.7 |10151 |[1013.8 |[1012.9 |1013.9 |1013.2 | 1011.4
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1903 1010.6 | 1010.9 | 1013 1013.6 | 1013.8 | 1014 1013.4 | 1014.6 | 1015 1013.8 | 1011.6 | 1012

1904 1013.2 | 10134 [1012.8 [1013.7 | 1013.6 |1013.5 |1012.8 | 1015 1014.6 | 1012.9 | 1010.5 | 1011.8
1905 1010.3 | 1008.8 | 1009.2 | 1008 1008.1 | 1010.2 | 1011.6 | 1014 1013.1 [ 1012.2 | 1011 1009.4
1906 1010.1 | 1010.1 | 10115 | 1011.1 | 1013 1012.9 | 1013.9 |1016.6 | 10159 | 1014.2 |1013.3 | 1011.2
1907 1010.6 | 1011 1012 1012.7 | 10144 [1013.7 |1012.8 | 1013.3 | 10146 | 10135 |1011.4 | 1011

1908 1010 1011.6 | 1011.1 | 10125 |[1012.7 | 1013.8 | 10142 | 1015 1017.2 | 10144 | 1011.8 | 1009.5
1909 1009.7 | 1011.7 | 1009.7 |1010.4 | 10124 |10155 |1014.8 | 10151 |1013.7 |1013.1 | 10124 |1011.2
1910 1010 1012.9 | 1013.1 | 1011.1 [1012.9 | 10151 | 1016 10151 | 10154 | 1015.1 | 1013 1012.4
1911 1010.5 |1010.7 | 10124 |1011.1 [10125 |1013.6 |10125 |[1013.3 [1013.1 |10129 |1011.6 |1010.7
1912 1009.9 | 1010 1010.4 | 1011.3 | 10125 |1012.9 |1012.8 |1013.7 |1012.9 |1012.8 |1012.1 | 1010.4
1913 1009.8 | 1010.6 | 1011 1011.1 | 1013.1 [ 1013.9 |1014.6 | 10134 | 1014 1013.3 | 1011.3 | 1010.2
1914 1011.8 | 1013.5 |1013.2 |1011.1 |1012.8 | 10126 |10124 |1013.9 |1013.8 | 1015 1011.9 | 1011.7
1915 1008.4 | 1011.9 |1010.7 | 1011.4 | 1012 1013.9 | 1015 1015.3 | 1014.1 | 1013.1 | 1009.2 | 1010.8
1916 1010.7 | 1009.9 |1010.3 |[1012.1 | 1012.3 |1012.8 |1016.1 | 10164 |1013.9 |1013 1012.2 | 1010.6
1917 1011.6 | 1014.2 | 1013.1 | 1013.5 |1014.9 | 1015 1016.1 | 1017.9 |1017.8 |1015.2 |1013.6 | 1013

1918 1012.9 | 1013.5 |1012.4 |1013.5 |1013.7 [1013.1 |1012.7 |1014.5 | 10152 |1013.3 |1012.2 | 1010

1919 1008.4 | 1011 1010.1 | 1011.5 [1011.5 |1012.8 | 1012.8 |1014.1 |1013.9 | 10124 | 1011 1009.8
1920 1009.9 | 1011 1012 1011.2 [ 10121 | 1012.2 |1013.6 | 10144 |1014.4 |10124 |1011.4 |1010.8
1921 1011.8 | 10124 | 10124 |1011.7 |1012.1 | 10144 |1013.6 |1013.8 |10151 | 1015 1013 1011.2
1922 1011.5 | 10116 |1011.8 [1011.2 | 10115 |1013.4 |1013.8 | 10144 |1014.7 |1014.4 | 1013 1011.9
1923 1010.7 | 1011.9 | 1012 1011.5 [1012.1 [ 1012.8 |1013.1 | 10134 |[10124 |1013.4 |1010.5 | 1011

1924 1010.8 | 1011.6 | 1011.9 | 1010 1013.6 | 10144 | 10153 |1016.2 | 10156 |1013.7 |1012.8 | 1010.3
1925 1011 1011.6 | 1011.8 | 1011.9 | 1012 1012.8 | 1012.8 | 10129 |1014.2 |1012.3 [1011.7 |1010.2
1926 1009.7 | 1010 1011 1011.7 [ 10125 [1013.2 |1013.7 |1013.4 |[1014.1 | 10134 |1012.6 | 1011.1
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1927 1010.6 | 1011.6 | 1014.1 | 1012 1013.2 | 1014.1 | 1014.4 | 10141 | 1014.8 [1013.4 |1011.2 | 1012.1
1928 1010.8 | 10126 | 10129 [1012.9 |1013.2 [1013.1 |1013.8 | 10164 |10156 |1013.9 |1012.8 |1012.2
1929 1010.8 | 1012.8 | 1012.4 | 10124 | 1012 1014.8 | 10151 | 1014.9 |1014.8 | 1015 1012.7 | 1011

1930 1011.8 | 1012.6 | 1012.4 | 10121 | 1013.8 | 10134 |1013.8 | 1014.9 | 10144 | 10154 | 1014 1011

1931 1012.3 | 1009.9 |1013.5 |1012.9 | 1014.8 | 1016 1015.6 | 1014.2 | 1014.4 |1012.3 | 1011 1011.2
1932 1010.2 | 1011.3 |1011.3 |1012.3 [1013.2 [1013.1 |1013.7 |1014.1 | 10124 |10124 |1011.3 |1010.5
1933 1008.9 | 1011 1010.4 | 1012.3 |1013.6 |1013.2 | 10144 |1014.8 |1014.6 | 1013.3 | 1012.1 | 1011.5
1934 1011.6 | 10121 [ 1011.1 [ 1011.9 |1012.2 [1014.4 |1013.9 |1011.7 |1013.5 |1014.4 | 10134 | 10105
1935 1011.2 | 1011.1 | 1012.3 | 1012.2 | 1013 1013.8 | 1013.8 | 10155 |1014.2 |1013.9 |1012.6 | 1010.8
1936 1010.8 | 1011.5 |1011.8 | 1014.2 | 10124 |1013.5 |1014.1 | 10125 |1014.3 |1013.7 | 1010.3 | 1010.4
1937 1011.5 | 1011.3 | 1011.2 [1011.7 | 1013.5 |1013.8 |1013.6 | 1014.7 | 1015 1013.3 | 1010.7 | 1011.2
1938 1011.1 [ 1011.1 | 10114 [1011.9 [1013.1 |1014.9 |[1015.7 |1015.2 | 10155 |1015.8 | 1011 1013

1939 1012.7 | 1012 1012.5 | 1012.6 |1012.7 | 10135 | 10151 | 1013.1 | 1014 1012 1010.8 | 1010.9
1940 1010.2 | 1010.1 | 1010.8 | 1012 1012 1012.7 | 1012.8 | 1013 1013.3 | 1013.8 | 1011.4 | 1007.5
1941 1010.2 | 1011 1010.7 | 1011.6 | 1012 1013.1 [ 1013.2 [ 1013.2 |1013.7 [1011.5 |1010.7 | 1010.6
1942 1010.2 | 1010.1 | 1011.5 | 1012 1012.1 | 1014 1014 1014.4 | 1014.9 | 1013.8 | 1010.6 | 1012.9
1943 1012.7 | 1011.7 [ 10121 |1012.8 | 1012.8 | 1013.3 | 1014 1014.9 | 10144 | 10141 | 1011.9 | 1009.5
1944 1009.9 | 1012.1 | 10126 |1011.9 |[1013.1 |1013.8 |1013.6 |[1015.7 |1015.2 |1012.8 |1010.9 | 1010.6
1945 1012 1012.3 | 1012.2 | 1011.8 | 1012.9 | 1014 1014.9 | 1015.7 [1015.7 | 1014.4 | 1011.7 | 1012

1946 1010.2 | 1011 1012.2 | 1011.6 | 1011.8 |1013.2 |1013.2 [ 10144 |1012.4 |1012.7 | 1011.9 | 1009.7
1947 1010.9 | 1010 1013.1 | 1011.4 |1012.3 |1014.1 | 10156 |1014.4 |[10158 |1013.2 | 10125 |1011.2
1948 1011.1 [ 10105 |1010.8 |1011.7 [1012.9 |[1013.3 |[1013.4 |[1013.2 |[1013.3 |1014.3 |1011.2 | 1010.1
1949 1010.2 | 1010.6 | 1011.2 | 1012.6 | 1012 1013.2 | 1013.7 | 1014.4 | 10145 |1013.6 | 1011 1010.2
1950 1010.2 | 1012.6 |1013.7 |1012.1 |10125 |1015.2 |1016.3 |[10156 |1015.2 |1015.2 |1011.3 | 1012.4
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1951 1013.2 | 1011.7 |1010.7 |1011.6 |1012.7 | 1013 1013 1014.8 | 1013.7 | 1013 10119 | 1011.8
1952 1009.2 | 1010 10123 | 1011.6 | 1012.7 | 10146 | 10145 | 1013.7 | 1013.9 | 10131 1010.5 | 1009.4
1953 1011.8 | 1010.6 | 1010.9 | 1011.2 | 1011.2 | 10134 | 1014.7 | 1012 10134 | 1013.7 | 1012 1010.8
1954 10106 | 101141 1011.5 | 10109 |1012.3 |1013.3 | 1014 10151 1015 1013.9 | 10126 | 1012.5
1955 10116 | 1011.5 |1011.2 | 10109 |1012.7 | 10141 1015.6 | 10154 | 1015.6 | 1014.7 | 1012.8 | 1012.9
1956 1011.6 | 1011.9 | 1012.6 | 1012 1013 1014 1014.1 10149 | 1013.8 | 10156 | 1011.9 | 1011.1
1957 10121 1010.5 | 1011.6 | 1012 10124 | 10134 | 1014 1013.5 | 1013.7 |1014.2 | 1010.9 | 1010.5
1958 10094 | 1010.2 | 1011.8 | 10114 | 10111 1012.8 | 1013.7 | 10145 |1013.3 |1012.2 | 1011.3 | 1010.5
1959 1008.7 | 1010.3 | 10124 | 1011.7 | 10124 |1013.2 | 1013.7 | 1014 1014.3 | 10141 1012.3 | 1011.2
1960 1011 1011 1012.1 1011.8 | 10123 | 10134 |1014.2 | 1015.2 | 1014 1013.5 | 1012.7 | 1012

1961 10111 10123 | 1009.5 |1012.6 | 10129 |1013.7 |1014.3 |1014.8 |1014.6 | 10125 |1013.2 | 1012.9
1962 1013.1 1011.3 | 10121 1012.2 | 1013.3 | 1013.5 |1013.2 | 10159 | 1014.3 | 10144 | 1011.9 | 1010.9
1963 1012.2 | 1013.2 | 1012 1011.7 | 10124 |1013.3 | 1014.3 | 1013.6 | 1014.2 | 1013 1011.9 | 1010.3
1964 10109 | 10116 | 10125 |1013.2 | 10123 | 10141 1014 1016 1015.1 1014.5 | 10111 1010.5
1965 1009.9 | 10106 | 10114 | 10121 1012.7 | 1013.6 | 10129 |1013.6 | 1013.3 | 1013.5 | 1010.6 | 1010.4
1966 1009.4 | 10104 | 1010 10114 | 10128 | 10146 | 1013.7 | 10149 | 10141 1013.8 | 1011.8 | 1010.3
1967 10125 | 10129 |1012.6 |1012.7 | 10123 | 1014.5 | 1014 10154 | 1016 1013.7 | 1011.2 | 1010.2
1968 10094 | 1011.7 | 10116 | 1011.7 | 1013 10149 | 1014.8 | 10144 | 10141 1013.6 | 1012.2 | 1011.3
1969 1007.4 | 1009.5 | 1012.6 | 1012.2 | 1011.8 | 1013.8 | 10134 | 10144 | 10124 |1012.5 | 1012 1011.1
1970 1010.5 | 1009.5 |1011.5 |1011.8 | 10125 |1014.3 | 10139 |1014.3 |1014.6 |1013.3 | 10134 | 1012.2
1971 1010.8 | 10124 | 1013.5 | 10131 1013.2 | 1014.5 | 1013.7 | 1015.7 | 1015.8 | 1015.3 | 1012.3 | 1009.7
1972 1011 1011.4 | 1011.1 1012.3 | 1012 1012.5 | 1011.9 | 1014.1 1013.6 | 1013.7 | 1012.2 | 1010.7
1973 10111 1010 1011.5 | 10111 1012.8 | 1013.7 | 1014.3 | 10151 1016 10141 1013.5 | 10134
1974 1012.8 | 10124 | 1013.2 | 10125 | 1014 1013.9 | 101565 | 1014.8 | 10154 | 1014 1010.5 | 1009.9
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1975 1009.8 | 1012.6 | 1012.7 |1011.9 | 1012.8 | 10145 | 1016 1016.2 | 1016.6 | 1014.7 | 1013.2 | 1012.9
1976 1012 1012.7 | 1012 1012.4 | 1013.9 [1013.7 [1013.2 |1013.9 |1013.2 |1013.4 |1012.1 | 1009.3
1977 1009.5 | 1011.8 |1010.3 |1010.5 |[1011.6 |10125 |[1012.3 |[1013.4 |[1013.8 |1013.1 |1010.7 | 1009.6
1978 1012 1008.2 | 10124 | 10115 |1013.1 | 1013 1013.1 | 1013.9 | 1014.1 |1012.7 |1012.1 | 1010.7
1979 1009.6 | 10129 |1011.3 [1011.4 |1013.3 [10145 |1014.3 |1014.2 |1014.3 | 10135 |1011.3 | 1010.6
1980 1011 1011.1 | 1009.6 | 1010.5 |1012.5 |1013.2 [1013.9 |[10153 |[1014.2 |1013.3 |1011.5 | 1010.6
1981 1010.1 | 1010.1 | 1010.8 | 1011.6 | 1013.2 |1014.2 |1014.1 | 1014.9 |1014.8 |1013.1 | 1011.7 | 1011.9
1982 1012.9 | 1011.7 |1011.8 [1011.9 | 10125 [1012.7 |10125 |1012.7 |1013.1 | 10121 | 1009.3 | 1008.6
1983 1007.8 | 1007.8 | 1008.9 |1010.4 | 1014 1014.1 | 1014.2 | 10159 |1016.1 | 1014.1 | 10125 | 1012

1984 1011.8 | 1011.1 | 1010.9 |1012.7 | 1012.7 |1013.3 |1014.3 | 1014.2 |1014.4 |1013.4 |1012.8 | 1008.3
1985 1011.3 | 10114 [ 1009.9 |1011.6 | 10114 [10126 |1014.2 | 10154 |1013.9 |1012.7 |1011.1 | 10115
1986 1010.8 | 1009.2 | 10125 |1011.8 | 10124 |1013.5 |1014.1 |1012.5 |1013.7 |1014.8 |1010.1 | 1010.5
1987 1010.2 | 1009.3 | 1011.6 |1010.9 | 1011.5 |1011.8 |1012.9 | 1013.8 | 1014 1013.2 | 1011.6 | 1010.4
1988 1012 1010.2 | 1011.2 | 1012.3 | 1013.7 | 1014.6 | 10155 |1016.5 | 1016.3 | 10144 | 10135 | 1012.2
1989 10126 | 1013.3 [ 10125 |10125 |1013.6 |1014.9 |1014.5 | 1014 1015 1014 1011.3 | 1011.4
1990 1011.1 | 1010.9 | 1010.7 | 1012 1013.6 | 1013.7 | 10146 | 1014.4 | 10144 |1014.1 |1011.2 | 1010.7
1991 1011.8 | 1011.2 | 10115 [1010.7 | 1011.9 |1013.8 |1014.2 |1014.5 [1012.9 |1011.9 |1011.9 | 1008.7
1992 1009.2 | 1010.3 | 1010 1011.1 | 1012.8 | 1012.1 | 1014.6 | 1014.7 |1013.7 |1011.3 |1011.3 | 1009.7
1993 1009.5 | 1009.3 | 10125 |1011.2 | 1013 1013.1 | 1012.8 | 1014.6 | 10145 |1012.7 | 1012 1010.8
1994 1010.8 | 1011.2 | 1011.4 | 10104 | 1012 1012.8 | 1012.3 | 1013.9 | 1013 1012.5 | 1011.6 | 1010.5
1995 1010.6 | 1011.8 | 1011.8 | 1010 1012.1 | 1014 1014.3 | 1015 1014.9 | 10129 |[1011.9 | 1009.9
1996 1011.9 | 1011 1012.5 | 10124 | 1014 1015.3 | 1014.5 | 1015 1013.8 | 1013.5 | 1011.3 | 1010.5
1997 1012.6 | 1012.2 | 1011 1012.3 | 1010.7 | 10129 |1013.8 | 1013.7 | 10146 |1013.4 |1012.2 |1010.3
1998 1007.3 | 1010.7 | 1008.7 | 10104 |1013.2 |1014.6 |1015.7 | 1016 10159 | 1014.4 |1012.2 | 1011.9
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1999 1012.7 | 10125 |1011.9 [1013.2 |1013.9 |1014.3 |1014.9 | 10159 |1014.7 |1014.8 | 1013 1012.7
2000 1012.2 | 1013.8 | 1013.1 [1012.7 [1013.6 |1013.9 |1013.5 |1014.8 |1016.1 | 1013.8 | 1013 1009.8
2001 1013.5 | 1010.7 |1012.8 |1011.6 |1012.6 |1013.4 |1013.9 [1013.7 |10144 |1012.6 |1012.5 | 1009.5
2002 1012.3 | 1012.7 [ 10119 |1011.8 | 1011.7 |1013.4 |10145 |1013.1 |1014.3 | 10125 | 1011.9 | 1010.5
2003 1010.8 | 1009.6 | 1011.2
Step 3. Pdiff (Difference of Sea Level Pressures at Darwin and Tabhiti)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
1876 -6.8 -6.9 -4 -3.5 2.5 -3.3 -0.1 -3.6 -4.1 -1.6 2.5 2.9
1877 2.4 -3.2 -3.1 -1.2 2.1 0.9 0.6 -0.4 0.5 0.3 -1 -1
1878 2.6 -0.1 -1.1 -1.3 -1.9 0.8 3.4 3.7 5.3 4.7 5.2 -7
1879 -7.1 -7.6 6.4 -3.9 -1.9 -3.2 4.3 5.2 -5.5 5.4 4.4 24
1880 -6.7 6.2 -6.6 -3 -3.2 2.3 -1.2 -3.9 3.7 -3.7 -4 -3.1
1881 2.9 34 4.3 24 1.1 0.6 -0.1 0.1 -0.1 1 -4 5.4
1882 -3 4.3 -4.9 25 25 0.3 2.3 2.3 0.1 25 -3.3 5.5
1883 -5.7 6.5 0.7 4.1 -3.4 -1.6 0.6 -1.9 -1 -3.7 -3.7 -0.5
1884 -1.8 35 5.7 0.5 -1.8 2.3 0.5 0.9 1.2 3.6 2.7 -1
1885 -1 -4.9 -4.9 2.3 -1.1 0.6 0.2 0.2 1.7 0 0.5 4.5
1886 4.3 4.9 4.5 2.9 2.4 -1.8 2.1 -3.8 4.6 -5.1 4.5 -6.3
1887 -7 6.9 -5.8 35 -1.1 -1.8 1.7 2.4 3.2 3.7 2.1 4.5
1888 -3.8 4.1 -1.8 0.5 -0.4 0.8 1.6 0.3 0.8 -0.5 -1 -3
1889 1 4.2 1.1 2.3 -1.4 -3.9 -1.2 2 4.2 -3.6 6.4 -7.8
1890 -8.8 6.9 -6.6 -3.2 2.1 -1.9 -0.6 -1.2 -3.9 -3.5 -3.3 -3.6
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1891 7.7 -3.8 2.2 2.9 -1.6 -1 0 0.3 -0.6 -3 2.2 2.6
1892 -5 24 -6 -3.2 2.9 -3.6 2.1 2.6 -3.4 4.3 2.8 4.2
1893 -6.8 -6.2 3.7 2.5 -1.2 2.5 -3.1 2.9 -3.3 4.2 -3.3 -3.8
1894 -8.1 6.7 -5 -2 -1 -1 -0.6 -0.8 2.1 -3.2 -4 -3.5
1895 -5.6 -5.2 -3.9 -1.5 -0.6 -0.6 -0.9 -0.7 1.7 2 -1.6 2.8
1896 -4.7 -5.6 -2.8 -1.3 3.7 26 2.2 1.8 0.8 0.2 -1.1 0.7
1897 -1.8 -3 0.9 0.2 0.5 1.2 0.6 -1.8 2.4 3.2 1.7 5.5
1898 -5.9 -5.9 75 3.7 14 0.9 -1.9 -2 2.9 2.8 25 -3.4
1899 7.2 6.5 6.5 2.9 0.7 0.1 -0.1 -0.1 2.1 -3.9 -5.3 2.9
1900 2.9 3.2 0.7 -0.1 0.7 4.4 25 2.9 0.4 -0.1 -2 24
1901 4.4 5.2 5.7 2.9 -1.6 -3.6 -3.2 -3.2 0.3 0.7 -1.6 -3.1
1902 -8 4.1 -6.1 -3.3 2.6 -1.5 -1.2 -0.3 0.6 1.7 2.4 2.9
1903 25 24 7.2 4.5 2.6 1.1 -1.9 1.7 -3.8 -3.6 -3.1 6.6
1904 74 -8 5.7 6.2 2.8 0.3 0.4 -1.8 24 -3.1 0.3 -4

1905 2.5 -1 1.6 2.8 3.1 2.7 2.3 -0.5 1.2 -2 0.2 0.9
1906 3.7 -3 -3 -1.3 -1.8 0.7 2 4.1 -5.4 -4.4 6.2 -4.4
1907 5.5 -4.9 -3.9 2.9 2.9 2.2 0.3 0.4 24 -3 2.6 5.2
1908 2.2 6.2 -4 -4.4 -1.5 -0.9 -1.3 2.5 -5.3 4.2 -3.3 2.4
1909 -3.9 -3.9 -3.9 -0.6 -1.9 -4 2.6 -3.2 2.5 -3.6 -4.3 -4.4
1910 -5.6 -7.8 6.3 -3 1.7 -3.9 -4.1 -3.2 -4.9 -4.6 -5.9 6.6
1911 -5.1 4.9 -4.6 2.6 -0.6 0.3 1 0.2 0.9 -1 -1.8 -3.2
1912 2.4 -0.9 2.3 0.2 0 -0.4 -0.9 -0.5 1.7 -1.6 -3.3 -1.9
1913 3.7 35 4.2 -1.6 0.6 0.7 0.7 0.5 0.8 1.4 1.1 2.1
1914 -3.3 -5 -5.7 -0.6 -1.6 0.9 1.8 1 -0.3 -1.5 -1.1 -3.2
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1915 0.1 -4.1 0.2 0.2 -0.1 -2 -3.1 2.8 -3.6 -3.3 0.7 5.4
1916 -5.6 -3.8 2.8 2.3 2.5 2.3 4.9 4.2 -3.1 -3.9 4.4 6.5
1917 -5.5 -6.7 7.3 -5 -4.4 -3.8 -5.3 7.1 7.3 -5.4 -6.1 -7.9
1918 75 -8.1 -3.6 4.4 2.9 -0.6 1.2 -1 -1 2.1 -3.1 -1.9
1919 -1.3 2.2 -1.6 -2 0.7 0.1 0.4 0.6 14 1.2 1.2 1.7
1920 -4.8 4.2 -3.2 2.4 -1.3 -2 2.4 2.5 -3.2 2.2 2.9 -5.4
1921 6.7 6 -5.6 -15 -1.9 -3.9 1.4 0.6 3.2 4.5 4.2 -5.1
1922 -6.1 6.5 -5 1.7 -1 -1.9 -1.3 -1.5 -3.2 -3.9 4.2 -5.8
1923 -5.6 5.5 -5.6 -3.4 -1.9 -1.3 0.8 1.2 0.1 -1.9 -1 -3.9
1924 3.3 4.8 -4.4 0.5 -3.1 2.2 2.1 3.3 3.7 4.2 4.7 4.5
1925 -5.6 75 6.7 -4.1 -1.5 -0.6 1.1 0 -1.3 -0.8 -1.5 2.1
1926 -3.3 -1.5 -1.5 -1.5 -1.3 0.3 -0.8 0.5 2.6 -3.6 -3.1 4.7
1927 5.5 4.8 7.3 3.2 2.4 2.2 -1.9 0.9 2.3 2.2 1.7 -5

1928 2.3 6.8 6.5 -3.8 -1.3 0.2 -0.9 -3.2 3.7 4.4 -3.3 -5.8
1929 -7.8 -8.4 4.9 2.9 -0.1 -1.3 -1.2 1.7 2.3 4.2 4.6 4.6
1930 -7.1 6.2 -4.3 -1.9 -1.9 0.5 0.3 14 1.2 -3.5 3.2 3.2
1931 -5.9 1.4 -5 3.4 3.3 35 2.4 1.7 3.2 0.8 2.2 4.4
1932 -4.8 -3.8 3.5 2.1 -2 -0.6 0.2 -0.6 -0.9 2.2 2.2 4.1
1933 2.1 -5.6 -3.6 2.8 2.4 0.7 -1.5 -1.6 2.7 -3.5 -4 -5.1
1934 -5.8 -4.6 -4 -3.1 0.7 25 14 1.8 -1.3 -3.6 -4.9 -3

1935 -5.8 -3.6 6.2 2.7 -0.8 0.9 0.9 -2 -3.4 4.1 3.5 2.7
1936 -4 -4.7 -4.3 -5.1 2.2 -1 -1.6 -0.3 -2.8 2.9 -0.8 -3.6
1937 6.4 -3.5 -5.1 2.6 -1.6 -1.6 -0.1 2.2 25 25 2.6 -4.8
1938 -6 -5.3 -3.3 2.8 -3.3 -3.4 -3.8 3.7 -3.6 -5 -3.2 6.2
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1939 -8 6.2 -6.1 35 -15 -1 2.2 -1.6 -0.8 0.5 1.7 -1.8
1940 4.4 3.7 -2 1.2 0.2 1.2 14 1.2 0.9 0.1 -1.9 2.3
1941 2.4 -1.3 -2 -1 -0.8 0.6 2.2 1.3 -1 0.4 -1.5 -1.8
1942 1.7 -3.8 2.9 1.7 2.3 2.2 0.8 2.3 -3.8 4.3 2.3 6.2
1943 6.4 6.8 4.7 -4 -2 0.2 1.4 2.9 -3.3 4.4 -3.5 -1.8
1944 2.7 -5.4 -5 1.7 -1.5 -0.7 0.4 2.2 2.8 -1.5 -1.9 -4.3
1945 5.5 5.9 6.4 15 -1.6 2.2 -15 35 -3.8 3.3 2.4 -4.8
1946 -3.9 -5.5 -3.6 -1.2 -0.2 0 0.6 -1 0.3 0.9 2.7 2.4
1947 -3.4 3.7 -6.1 -1.8 0.1 -1.5 2.4 2.8 4.3 2.6 4.3 4.5
1948 -3.8 -4 -3.2 2.7 2.1 -0.6 1.1 -1 1.1 -3.9 -3.6 24
1949 2.9 -5 -5 25 -0.9 0.3 0.7 -1 2.7 -3.8 -2 -5

1950 5.5 -8.3 7.2 4.4 2.6 4.5 4.2 -3.6 35 5.7 4.8 -8

1951 7.9 6.6 3.7 2.2 0.8 -1.8 0.3 -1.6 1.2 -1.6 24 2.9
1952 25 2.9 -4 -1.3 24 2.1 -1.5 -1.1 -1.8 -3.2 2.8 -1

1953 4.9 -3.3 2.9 2.3 24 0.9 0.8 1 0.2 2.9 2.6 2.7
1954 -5.7 -3.8 -3.8 -3.2 2.2 -1 -1.6 -3.3 -3.1 -3.2 -3.5 -6

1955 3.3 -7.8 4.5 2 3.3 3.2 -3.9 -4 4.7 -5.4 -5.2 -5.3
1956 -6.8 7.2 -5.7 3.7 -3.9 2.7 2.9 -3.4 2.4 -5.9 -3.2 -5.5
1957 -5.6 4.1 -3.8 2.5 -0.1 -0.9 -1.1 -0.2 -0.6 2.7 -1.1 -2.8
1958 0.9 -3.1 3.7 2.5 0.6 1.2 -1.3 2.9 -1.8 2.6 2.2 2.2
1959 2.6 -1.6 5.5 2.8 -2 -0.4 0.2 -0.9 2.4 -3.6 4.6 -5.1
1960 4.5 4.1 -5 -3.3 2.3 -0.9 1.7 2.7 -3.5 -2.8 -4 -4.8
1961 -3.9 -5.9 -0.1 35 -1.8 0.8 -1.3 1.7 25 2.1 -4 6.2
1962 -8 -5.7 3.7 2.5 -3.2 -1.8 -0.9 2.4 -3.2 4.6 3.7 -3.6
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1963 6.4 5.2 5.3 -3.1 -2 0 -0.8 -1.3 -1.5 0.8 1.5 1.2
1964 -3.6 -4.5 -5.5 -4 -2 2.1 -2 -3.9 4.7 -5 -3.3 2.9
1965 -3.6 -4.9 4.5 -0.8 -1.6 0.4 25 0.1 0 -1.1 -0.2 -3.8
1966 -1.9 3.7 14 1.5 0.5 -1.3 -0.8 2.3 2 25 2.9 2.7
1967 -75 7.3 5.4 -2 1.2 -2 1.2 2.6 -3.2 2.9 2.3 24
1968 -5.3 -6.6 -3.4 -2 -3.5 2.7 -2.1 1.7 -1.9 2.6 2.4 -3.9
1969 -1.6 -3.1 4.3 -1.3 -0.8 -1.1 0.1 -1 0.6 -1 2.9 4.2
1970 2.3 2.3 4.3 -1.8 -1.9 24 -0.1 2.3 4.5 -4.6 -5.9 6.9
1971 -5 7.9 7.5 -5.1 2.8 -1.5 1.2 -4 -5 -5.8 -4 -3.9
1972 5.2 6.3 -4.4 1.7 0.4 0.3 1.9 0.3 0.1 -1.1 2.4 1.1
1973 -3.8 1.7 -4.1 2.1 -2 27 -1.9 -3.6 -4.6 -4.5 7.7 6.8
1974 -8.8 -8 7.7 3.7 -3 -1.5 2.8 2.7 -4.4 4.3 2.7 -3.3
1975 34 5.7 6.1 4.1 24 -3.1 4.2 -4.9 -6.1 -5.8 -5 7.3
1976 6.9 7.3 6.4 2.5 -1.9 1.2 1 0.2 0.2 3.4 4.4 2.9
1977 -3.6 6.2 2.2 -1.2 0.2 1 1.3 0.2 0.8 0.8 0.7 -1.4
1978 -3.8 0.6 2.9 14 3.7 -1.9 -1.9 -1.9 25 -1.9 2.6 -3.3
1979 -3.6 6 3.4 1.7 2.1 -1.9 0.3 0.9 2.6 25 2.2 2

1980 -5.1 -4.8 2.4 -0.8 -1.2 -0.6 0.7 -1.9 -1.5 2.6 2.4 -3.3
1981 -5 -3.9 -0.9 1.7 -2.6 2.6 2.4 2.6 -3.6 2.1 -3.3 -4.4
1982 6.4 4.7 4.4 -1.9 -0.6 1.3 2 2 1.2 0.4 1.8 0.7
1983 2 25 1.2 0.3 2.4 0.8 0.2 1.7 -4 -3.6 2.8 35
1984 -4.7 -5.8 2.9 2.6 -1.6 -0.1 -1.3 -2.1 2.7 -2.1 -3.5 -3.2
1985 3.7 6 -3.6 4.1 2 0 0.6 -3 2.4 2 2.7 -3.9
1986 -6.1 2.3 4.1 2.5 -0.8 2.5 -1.3 0.5 -1.5 -3.9 -0.8 -0.8
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1987 -3.1 -1.9 -0.9 0.6 1.1 1.3 1.9 0.5 0.5 2 2.7 2.6
1988 4.2 -3.5 4.4 2.2 -2.9 -0.7 27 -4 5.7 5.3 6.1 -5.6
1989 7.2 6.5 5.2 -4.9 -35 2.1 2.4 0.7 -3.3 4.1 2.6 25
1990 4.2 -0.9 2.4 2.3 -3.3 1.3 1.8 -0.9 1.1 -3.2 2.1 -3
1991 -5.5 47 -2 -0.8 0.8 -0.5 0.7 -0.5 0.4 -0.8 1.8 -0.2
1992 0.9 2.6 0.5 -0.1 1.7 0.4 0.1 -1.9 2.5 -0.1 -1.8 2.4
1993 27 -2.9 2.4 0.2 -0.6 0.8 0.7 0.7 1.1 -0.7 -3 -3.8
1994 -4.1 47 -2 0.4 0 0.1 1.8 1 0.5 -0.6 1.8 1.2
1995 -3.6 -4 -4.6 -0.4 -0.5 -1 -1.6 -1.8 2.9 2.7 -3.1 2.4
1996 6.2 -4.8 -5.1 -3.3 1.8 -2.9 -2 2.4 -3.5 -3.6 -2.9 -4.9
1997 5.3 7.4 2.4 -0.4 1.2 1.8 0.5 1.4 0.1 0 -0.6 1.7
1998 0.5 0.5 1.3 0.6 1.7 2.4 -3.2 -3.2 4.2 -4.7 -4.8 -6.1
1999 77 6.4 -5.6 -4.6 1.8 1.3 1.7 -2 2.3 -4.4 -4.9 -6
2000 -5.5 7.3 5.7 4.4 2.1 -0.5 -0.4 2.5 -4 -4.5 6.3 5
2001 6.3 7.1 5.2 2.4 0.5 1.4 0.5 -0.3 -2.6 -2.6 -4 1.7
2002 -5 6.2 -3 -1.9 0.2 0.4 0.2 0.6 1.1 1.7 2 1.4
2003 -4 -3 27

Average

(1933-

1992) -4.43 -4.57 -3.96 -2.36 -1.64 -1.18 -0.96 -1.68 -2.35 -2.91 -2.91 -3.48
Standard

Deviation

(1933-

1992) 2.10 2.12 1.84 1.21 1.27 1.23 1.53 1.56 1.66 1.64 1.52 1.96
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Step 4. Troupe SOI

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
1876 -11.3 -11.0 -0.2 9.4 -6.8 -17.2 5.6 -12.3 -10.5 8.0 27 3.0
1877 9.7 6.5 4.6 9.6 -3.6 16.8 10.2 8.2 17.2 16.0 12.6 12.6
1878 8.7 21.1 15.5 8.8 -2.1 3.0 -15.9 -13.0 -17.7 -10.9 -15.1 -17.9
1879 -12.7 -14.3 -13.3 -12.7 -2.1 -16.4 -21.8 -22.6 -18.9 -15.2 -9.8 5.5
1880 -10.8 7.7 -14.3 -5.3 -12.3 -9.1 -1.6 -14.3 -8.1 -4.8 -7.2 1.9
1881 7.3 5.5 -1.9 -0.3 4.3 4.7 5.6 11.4 13.6 23.9 7.2 9.8
1882 6.8 1.3 -5.1 -1.1 -6.8 11.9 21.2 25.6 14.8 25 2.6 -10.3
1883 -6.0 -9.1 25.3 -14.4 -13.9 -3.4 10.2 -1.4 8.2 -4.8 -5.2 15.2
1884 12.5 5.0 9.5 15.4 -1.3 -9.1 3.0 5.0 7.0 -4.2 1.4 12.6
1885 16.3 -1.6 -5.1 0.5 4.3 14.4 4.9 9.5 3.9 17.8 15.9 -5.2
1886 0.6 -1.6 -2.9 -4.4 -6.0 -5.1 7.4 -13.6 -13.5 -13.4 -10.5 -14.4
1887 -12.2 -11.0 -10.0 -9.4 4.3 -5.1 -4.8 -4.6 -5.1 -4.8 5.4 -5.2
1888 3.0 2.2 11.7 23.6 9.8 16.0 16.7 8.9 9.4 14.7 12.6 25
1889 25.9 1.7 27.4 0.5 1.9 -22.1 -1.6 -2.1 -11.1 -4.2 -23.0 -22.0
1890 -20.8 -11.0 -14.3 -6.9 -3.6 -5.9 2.3 3.1 -9.3 -3.6 -2.6 -0.6
1891 -15.6 3.6 9.5 -4.4 0.3 1.4 6.2 8.9 10.6 -0.6 4.7 45
1892 -2.7 10.2 -11.1 -6.9 -10.0 -19.6 -7.4 -5.9 -6.3 -8.5 0.7 -3.7
1893 -11.3 7.7 1.4 -1.1 35 -10.7 -14.0 -7.8 -5.7 -7.9 -2.6 -1.6
1894 -17.5 -10.0 -5.7 3.0 5.0 1.4 2.3 5.7 1.5 -1.8 7.2 -0.1
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1895 -5.6 -3.0 0.3 7.1 8.2 4.7 0.4 6.3 3.9 5.6 8.7 3.5
1896 -1.3 -4.9 6.3 8.8 42.2 30.6 20.6 22.3 19.0 19.0 12.0 14.2
1897 12.5 7.4 16.6 17.9 16.9 -0.2 2.3 -0.8 -0.3 -1.8 8.0 -10.3
1898 -7.0 -6.3 -19.2 -11.1 1.9 2.2 -6.1 -2.1 -3.3 0.7 2.7 0.4
1899 -13.2 -9.1 -13.8 -4.4 7.4 10.3 5.6 10.1 1.5 -6.1 -15.7 3.0
1900 7.3 6.5 25.3 18.7 7.4 -26.1 -10.0 -7.8 16.6 17.2 6.0 5.5
1901 0.2 -3.0 9.5 -4.4 0.3 -19.6 -14.6 -9.8 16.0 22.1 8.7 1.9
1902 -17.0 2.2 -11.6 -7.8 -7.6 2.6 -1.6 8.9 17.8 7.4 3.4 3.0
1903 9.2 10.2 -17.6 17.7 -7.6 0.6 -6.1 -0.1 -8.7 -4.2 1.2 -15.9
1904 -14.1 -16.2 9.5 -31.7 -9.2 7.1 8.9 -0.8 -0.3 -1.2 17.2 2.6
1905 9.2 16.8 30.1 42.6 37.4 31.4 21.2 7.6 7.0 5.6 17.9 13.1
1906 35 7.4 5.2 8.8 -1.3 3.8 -6.8 -15.5 -18.3 -9.1 -21.7 -4.7
1907 -5.1 -1.6 0.3 -4.4 -10.0 -8.3 4.3 8.2 -0.3 -0.6 2.1 -8.8
1908 10.6 7.7 -0.2 -16.8 1.1 2.2 2.2 -5.3 -17.7 -7.9 -2.6 5.5
1909 25 3.2 0.3 14.6 -2.1 -22.9 -10.7 -9.8 -0.9 -4.2 -9.1 -4.7
1910 -5.6 -15.2 -12.7 -5.3 -0.5 -22.1 -20.5 9.8 -15.3 -10.3 -19.7 -15.9
1911 -3.2 -1.6 -3.5 -2.0 8.2 11.9 12.8 12.1 8.8 11.7 7.3 14
1912 9.7 17.3 9.0 21.2 12.9 6.3 0.4 7.6 3.9 8.0 -2.6 8.1
1913 35 5.0 -1.3 6.3 8.2 3.8 1.7 7.6 9.4 9.2 12.0 7.0
1914 5.4 -2.0 -9.5 14.6 0.3 16.8 18.0 17.2 12.4 8.6 12.0 1.4
1915 21.6 2.2 20.4 17.9 12.2 -6.7 -14.0 -7.2 -7.5 -2.4 14.6 -9.8
1916 -5.6 3.6 6.3 0.5 -6.8 -9.1 -25.7 -16.2 -4.5 -6.1 -9.8 -15.4
1917 -5.1 -10.0 -18.1 -21.8 -21.8 -21.3 -28.3 -34.8 -29.8 -15.2 -21.0 -22.5
1918 -14.6 -16.6 1.9 -16.8 -10.0 4.7 14.1 4.4 8.2 5.0 -1.2 8.1
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1919 14.9 11.2 12.8 3.0 7.4 10.3 8.9 6.9 5.7 10.5 11.3 9.1
1920 -1.8 1.7 4.1 -0.3 27 6.7 9.4 -5.3 -5.1 4.3 0.1 9.8
1921 -10.8 -6.7 -8.9 7.1 -2.1 -22.1 -2.9 6.9 -5.1 -9.7 -8.5 -8.2
1922 7.9 -9.1 -5.7 5.5 5.0 -5.9 2.2 1.2 -5.1 -6.1 -8.5 -11.8
1923 -5.6 -4.4 -8.9 -8.6 -2.1 -1.0 11.5 18.5 14.8 6.2 12.6 -2.1
1924 5.4 -1.1 -2.4 15.4 -11.5 -8.3 7.4 -10.4 -8.1 -7.9 -11.8 -5.2
1925 -5.6 -13.8 -14.9 -14.4 1.1 4.7 13.4 10.8 6.3 12.9 9.3 7.0
1926 5.4 14.5 13.3 7.1 27 7.1 1.0 7.6 -1.5 4.2 1.2 6.2
1927 -5.1 -1.1 -18.1 -6.9 -6.0 -8.3 -6.1 5.0 0.3 4.3 8.0 7.7
1928 10.2 -10.5 -13.8 -11.9 2.7 7.9 0.4 -9.8 -8.1 -9.1 2.6 -11.8
1929 -16.0 -18.0 -5.1 -4.4 12.2 -1.0 -1.6 -0.1 0.3 -7.9 -11.1 -5.7
1930 -12.7 7.7 -1.9 3.8 -2.1 5.5 4.3 1.8 7.0 -3.6 -1.9 1.4
1931 -7.0 14.9 5.7 -8.6 -13.1 -18.8 -9.4 -0.1 -5.1 12.9 4.7 4.7
1932 -1.8 3.6 25 2.2 2.9 4.7 4.9 6.9 8.8 4.3 4.7 -3.1
1933 11.1 -4.9 1.9 -3.6 -6.0 3.8 -3.5 0.5 -2.1 -3.6 -7.2 -8.2
1934 -6.5 -0.1 -0.2 -6.1 7.4 -10.7 2.9 22.3 6.3 -4.2 -13.1 25
1935 -6.5 4.6 -12.2 2.8 6.6 2.2 0.4 -2.1 -6.3 7.3 -3.9 4.0
1936 2.1 -0.6 -1.9 -22.6 -4.4 1.4 -4.2 8.9 -2.7 0.1 13.9 -0.6
1937 -9.4 5.0 -6.2 -2.0 0.3 -3.4 5.6 -3.3 -0.9 2.5 2.1 -6.7
1938 75 -3.4 3.6 -3.6 -13.1 -18.0 -18.5 -13.0 -75 -12.8 -1.9 -13.8
1939 -17.0 7.7 -11.6 -9.4 1.1 1.4 -8.1 0.5 9.4 14.7 8.0 8.6
1940 0.2 4.1 10.6 9.6 14.5 19.2 15.4 18.5 19.6 18.4 6.7 29.4
1941 9.7 15.4 10.6 11.2 6.6 14.4 20.6 19.1 8.2 20.2 9.3 8.6
1942 13.0 3.6 5.7 5.5 -5.2 -8.3 1.0 -4.0 -8.7 -8.5 4.0 -13.8
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1943 9.4 -10.5 -4.0 -13.5 2.9 7.9 2.9 -7.8 5.7 -9.1 -3.9 8.6
1944 8.2 -3.9 -5.7 5.5 1.1 3.8 8.9 -3.3 2.7 8.6 6.7 -4.2
1945 -5.1 -6.3 -13.3 7.1 0.3 -8.3 -3.5 -11.7 -8.7 -2.4 3.4 -6.7
1946 25 4.4 1.9 9.6 11.4 9.5 10.2 4.4 16.0 12.3 14 5.5
1947 4.9 4.1 -11.6 4.6 13.7 2.6 9.4 7.2 -11.7 1.9 -9.1 -5.2
1948 3.0 2.7 4.1 -2.8 -3.6 4.7 -0.9 4.4 7.6 -6.1 -4.5 5.5
1949 7.3 2.0 -5.7 -1.1 5.8 11.9 1.7 4.4 -2.1 -5.4 6.0 7.7
1950 -5.1 -17.6 -17.6 -16.8 -7.6 -26.9 -21.1 -12.3 -6.9 -17.1 -12.4 -23.0
1951 -16.5 -9.6 1.4 1.3 6.6 -5.1 8.2 0.5 7.0 8.0 3.4 3.0
1952 9.2 7.9 -0.2 8.8 -6.0 7.5 -3.5 3.7 3.3 -1.8 0.7 12.6
1953 2.2 6.0 5.7 0.5 31.9 2.2 1.0 17.2 13.0 0.1 2.1 4.0
1954 -6.0 3.6 0.8 -6.9 -4.4 14 -4.2 -10.4 -4.5 -1.8 -3.9 -12.8
1955 5.4 -15.2 2.9 3.0 -13.1 -16.4 -19.2 -14.9 -14.1 -15.2 -15.1 -9.3
1956 -11.3 -12.4 -9.5 -11.1 -17.9 -12.4 -12.7 -11.0 -0.3 -18.3 -1.9 -10.3
1957 -5.6 2.2 0.8 -1.1 12.2 2.2 -0.9 9.5 10.6 1.3 12.0 35
1958 16.8 6.9 14 -1.1 8.2 -0.2 2.2 -7.8 3.3 1.9 4.7 6.5
1959 8.7 14.0 -8.4 -3.6 -2.9 6.3 4.9 5.0 -0.3 -4.2 -11.1 -8.2
1960 -0.3 2.2 -5.7 -7.8 -5.2 2.2 -4.8 -6.5 -6.9 0.7 -7.2 -6.7
1961 2.5 -6.3 20.9 -9.4 -1.3 3.0 -2.2 -0.1 -0.9 5.0 7.2 -13.8
1962 -17.0 -5.3 1.4 -1.1 -12.3 -5.1 0.4 -4.6 -5.1 -10.3 -5.2 -0.6
1963 -9.4 -3.0 -7.3 -6.1 -2.9 9.5 1.0 2.4 5.1 12.9 9.3 11.6
1964 4.0 0.3 -8.4 -13.5 -2.9 7.5 -6.8 -14.3 -14.1 -12.8 -2.6 3.0
1965 4.0 -1.6 2.9 12.9 0.3 12.8 22.5 11.4 14.2 11.1 17.9 -1.6
1966 12.1 4.1 13.9 7.1 9.0 -1.0 1.0 -4.0 2.1 2.5 0.1 4.0
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1967 -14.6 -12.9 -7.8 3.0 35 6.7 -1.6 -5.9 -5.1 0.1 4.0 5.5
1968 -4.1 -9.6 3.0 3.0 -14.7 -12.4 -7.4 -0.1 2.7 1.9 34 -2.1
1969 13.5 6.9 -1.9 8.8 6.6 0.6 6.9 4.4 10.6 11.7 0.1 -3.7
1970 10.2 10.7 -1.9 4.6 -2.1 9.9 5.6 -4.0 -12.9 -10.3 -19.7 -17.4
1971 2.7 -15.7 -19.2 -22.6 -9.2 2.6 -1.6 -14.9 -15.9 -17.7 7.2 -2.1
1972 -3.7 -8.2 -2.4 5.5 16.1 11.9 18.6 8.9 14.8 11.1 3.4 12.1
1973 3.0 13.5 -0.8 2.2 2.9 -12.4 -6.1 -12.3 -13.5 9.7 -31.6 -16.9
1974 -20.8 -16.2 -20.3 -11.1 -10.8 -2.6 -12.0 -6.5 -12.3 -8.5 1.4 0.9
1975 4.9 -5.3 -11.6 -14.4 -6.0 -15.6 -21.1 -20.7 -22.5 7.7 -13.8 -19.4
1976 -11.8 -12.9 -13.3 -1.1 -2.1 -0.2 12.8 12.1 13.0 -3.0 9.8 3.0
1977 4.0 7.7 9.5 9.6 11.4 17.6 14.7 12.1 9.4 12.9 14.6 10.6
1978 3.0 24.4 5.7 7.9 -16.3 -5.9 -6.1 -1.4 -0.9 6.2 2.1 0.9
1979 4.0 -6.7 3.0 5.5 -3.6 -5.9 8.2 5.0 -1.5 25 4.7 7.5
1980 -3.2 -1.1 8.4 12.9 35 4.7 1.7 -1.4 5.1 1.9 34 0.9
1981 -2.7 3.2 16.6 5.5 -7.6 -11.5 -9.4 -5.9 -7.5 5.0 -2.6 -4.7
1982 -9.4 -0.6 2.4 3.8 8.2 20.0 19.3 23.6 21.4 20.2 31.1 21.3
1983 30.6 33.3 28.0 17.0 -6.0 3.0 7.5 -0.1 -9.9 -4.2 0.7 -0.1
1984 -1.3 -5.8 5.7 -2.0 0.3 8.7 -2.2 -2.7 -2.1 5.0 -3.9 1.4
1985 35 -6.7 1.9 -14.4 -2.9 9.5 2.3 -8.5 -0.3 5.6 1.4 -2.1
1986 -7.9 10.7 -0.8 -1.1 6.6 -10.7 2.2 7.6 5.1 -6.1 13.9 13.7
1987 6.3 12.6 16.6 24.5 21.6 20.0 18.6 14.0 11.2 5.6 1.4 4.5
1988 1.1 5.0 -2.4 1.3 -10.0 3.8 -11.4 -14.9 -20.1 -14.6 -21.0 -10.8
1989 -13.2 -9.1 -6.7 -21.0 -14.7 75 -9.4 6.3 -5.7 7.3 2.1 5.0
1990 1.1 17.3 8.4 0.5 -13.1 -1.0 -5.5 5.0 7.6 -1.8 5.4 2.5
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1991 -5.1 -0.6 10.6 12.9 19.3 5.5 1.7 7.6 16.6 12.9 7.3 16.7
1992 25.4 9.3 24.2 18.7 -0.5 12.8 6.9 -1.4 -0.9 17.2 7.3 5.5
1993 8.2 7.9 8.4 21.2 8.2 16.0 10.8 15.3 7.6 13.5 -0.6 -1.6
1994 1.6 -0.6 10.6 22.8 12.9 10.3 18.0 17.2 17.2 14.1 7.3 11.6
1995 4.0 27 -3.5 16.2 9.0 14 4.2 -0.8 -3.3 1.3 -1.2 5.5
1996 -8.4 -1.1 -6.2 -7.8 -1.3 -14.0 -6.8 -4.6 -6.9 -4.2 0.1 -7.2
1997 -4.1 -13.3 8.4 16.2 22.4 24.1 9.5 19.8 14.8 17.8 15.3 9.1
1998 23.5 19.2 28.5 24.5 -0.5 -9.9 -14.6 -9.8 -11.1 -10.9 -12.4 -13.3
1999 -15.6 -8.6 -8.9 -18.5 -1.3 -1.0 -4.8 -2.1 0.3 -9.1 -13.1 -12.8
2000 -5.1 -12.9 -9.5 -16.8 -3.6 5.5 3.6 -5.3 -9.9 -9.7 -22.3 7.7
2001 -8.9 -11.9 -6.7 -0.3 9.0 -1.8 3.0 8.9 -1.5 1.9 7.2 9.1
2002 -2.7 7.7 5.2 3.8 14.5 6.3 75 14.6 7.6 7.4 6.0 10.6
2003 2.1 7.4 6.8
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Appendix L Sea Surface Temperature (SST) Anomaly Calculation

This appendix gives the procedure to calculate sea surface temperature anomalies using

the sea surface temperature data obtained from CPC, NOAA website

(http://www.cpc.ncep.noaa.gov/data/indices/). The stepwise procedure is given below:

Step 1. Sea Surface Temperature Data for Nino 3.4 region (°C)

Year | Jan Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec
1950 | 25.01 | 24.92 | 26.41 | 26.75 | 26.3 | 26.79 | 26.59 | 26.11 | 25.56 | 26.03 | 25.42 | 25.54
1951 | 2547 | 26.62 | 26.44 | 27.74 | 27.54 | 27.53 | 27.48 | 27.44 | 27.02 | 274 | 27.31 | 27.19
1952 | 26.88 | 27.03 | 26.89 | 28.12 | 27.58 | 27.06 | 26.82 | 26.83 | 26.49 | 26.7 | 26.37 | 25.99
1953 | 27.02 | 27.09 | 27.41 | 284 | 27.9 | 27.87 | 27.65 | 26.82 | 27.46 | 26.91 | 26.94 | 26.43
1954 | 27.08 | 26.95 | 27.36 | 27.38 | 27.46 | 27.06 | 26.32 | 25.65 | 256.55 | 25.8 | 25.65 | 25.53
1955 | 25.12 | 26.27 | 26.31 | 27.01 | 26.66 | 26.72 | 26.39 | 25.92 | 25.01 | 24.83 | 24.34 | 25.05
1956 | 25.32 | 26.18 | 26.37 | 26.91 | 27.63 | 27.16 | 26.32 | 25.98 | 25.79 | 26.3 | 25.63 | 26.2
1957 | 26.16 | 26.88 | 27.37 | 28.16 | 28.13 | 27.91 | 27.82 | 27.97 | 27 27.39 | 27.93 | 28.08
1958 | 28.42 | 28.24 | 28.36 | 28.21 | 28.11 | 28.1 27.33 | 27.22 | 26.13 | 26.7 | 26.71 | 27.02
1959 | 27.06 | 27.3 | 27.24 | 27.96 | 27.92 | 27.37 | 26.62 | 26.33 | 26.04 | 26.52 | 26.4 | 26.39
1960 | 26.49 | 26.35 | 2717 | 27.84 | 27.65 | 27.35 | 27.07 | 26.9 | 26.63 | 26.28 | 26.12 | 26.31
1961 | 26.23 | 26.61 | 27.03 | 27.76 | 27.84 | 28.05 | 26.9 | 26.45 | 25.93 | 26.03 | 26.16 | 26.28
1962 | 26.17 | 26.36 | 26.87 | 27.28 | 27.24 | 27.41 | 27.05 | 26.81 | 26.1 26.17 | 25.97 | 25.83
1963 | 25.88 | 26.19 | 27.14 | 27.83 | 27.55 | 27.61 | 28.01 | 27.62 | 27.42 | 27.59 | 27.45 | 27.58
1964 | 2742 | 27.14 | 26.96 | 27.07 | 26.82 | 26.58 | 26.53 | 26 25.52 | 25.83 | 25.32 | 25.38
1965 | 25.82 | 26.41 | 27.15 | 27.75 | 28.09 | 28.27 | 28.23 | 28.05 | 27.93 | 28.16 | 28.13 | 28.31
1966 | 27.82 | 27.67 | 28.03 | 28.39 | 27.66 | 28.03 | 27.45 | 26.79 | 26.51 | 26.51 | 26.29 | 26.17
1967 | 26.15 | 26.42 | 26.58 | 26.87 | 27.5 | 27.74 | 26.93 | 26.48 | 26.04 | 26.09 | 26.19 | 26.11
1968 | 25.88 | 25.77 | 26.55 | 27.28 | 272 | 27.6 | 2747 | 2714 | 26.69 | 26.92 | 27.36 | 27.27
1969 | 27.69 | 27.81 | 27.99 | 28.17 | 28.57 | 28.09 | 27.28 | 27.33 | 27.27 | 27.44 | 27.24 | 27.62
1970 | 27.39 | 27.1 2742 | 28.14 | 27.69 | 271 26.21 | 25.83 | 25.58 | 25.41 | 25.07 | 24.64
1971 | 25.01 | 25.27 | 26.11 | 26.64 | 27.16 | 26.93 | 26.64 | 26.24 | 25.88 | 25.92 | 25.58 | 25.61
1972 | 25.84 | 26.49 | 27.08 | 28.08 | 28.36 | 28.34 | 28.17 | 28.14 | 27.86 | 28.38 | 28.62 | 28.61
1973 | 28.25 | 27.98 | 27.82 | 27.53 | 27.26 | 26.7 | 26.04 | 25.66 | 25.44 | 25.25 | 24.76 | 24.58
1974 | 2458 | 25.21 | 26.05 | 26.9 | 26.82 | 27.18 | 26.71 | 26.3 | 26.19 | 25.87 | 25.59 | 25.78
1975 | 26.08 | 26.33 | 26.59 | 27.15 | 26.87 | 26.41 | 26.13 | 25.55 | 25.31 | 25.07 | 25.23 | 24.82
1976 | 24.66 | 25.61 | 26.49 | 26.99 | 27.22 | 27.39 | 27.21 | 27.07 | 27.2 | 27.58 | 27.48 | 27.21
1977 | 27.38 | 27.03 | 27.54 | 27.58 | 28.03 | 27.86 | 27.38 | 26.85 | 26.96 | 27.3 | 27.29 | 27.16
1978 | 27.34 | 26.93 | 27.36 | 27.22 | 27.39 | 27.11 | 26.68 | 26.13 | 26.2 | 26.41 | 264 | 26.53
1979 | 265 |26.69|276 |27.88|27.81|27.76 | 26.84 | 26.69 | 27.5 | 26.87 | 26.88 | 27.04
1980 | 27.13 | 27.18 | 27.28 | 27.86 | 27.96 | 28.12 | 27.32 | 26.59 | 26.6 | 26.51 | 26.6 | 26.91
1981 | 26.11 | 26.16 | 26.92 | 27.28 | 27.46 | 27.41 | 26.65 | 26.01 | 26.57 | 26.8 | 26.41 | 26.58
1982 | 26.72 | 26.7 | 27.2 | 28.02 | 28.54 | 28.75 | 28.1 27.93 | 28.11 | 28.64 | 28.81 | 29.21
1983 | 29.36 | 29.13 | 29.03 | 28.91 | 28.89 | 28.24 | 27.07 | 26.53 | 26.44 | 25.87 | 25.58 | 25.59
1984 | 25.64 | 26.39 | 26.86 | 27.39 | 27.39 | 26.86 | 26.74 | 26.34 | 26.43 | 25.93 | 25.41 | 25
1985 | 25643 | 25.67 | 26.23 | 26.8 | 27.11 | 26.86 | 26.69 | 26.5 | 26.25 | 26.19 | 26.19 | 26.11
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1986 [ 25.79 | 25.94 [ 26.65 | 27.44 | 27.5 [27.69 | 27.37 [ 27.15 | 27.33 | 27.57 | 27.73 | 27.7
1987 | 27.91 | 28.02 | 28.47 | 28.8 | 28.75 | 29.03 | 28.8 | 28.58 | 28.39 | 28.07 | 27.99 | 27.6
1988 | 27.32 | 27.22 | 27.31 | 27.32 | 26.48 | 26.11 | 25,57 | 25.24 | 25.43 | 24.62 | 24.27 | 24.33
1989 | 24.53 | 25.33 | 25.9 | 26.69 | 27.09 | 26.98 | 26.74 | 26.33 | 26.25 | 26.26 | 26.24 | 26.38
1990 [ 26.55 | 26.95 | 27.46 | 28.02 | 28.06 | 27.58 | 27.25 | 27.05 | 26.75 | 26.98 | 26.72 | 26.91
1991 [ 27.01 | 26.93 | 27.25 | 27.98 | 28.35 | 28.36 | 27.92 | 27.44 | 27.07 | 27.63 | 27.86 | 28.37
1992 | 28.41 | 28.63 | 28.83 | 29.14 | 28.99 | 28.02 | 27.53 | 26.64 | 26.48 | 26.34 | 26.51 | 26.73
1993 | 26.69 | 26.97 | 27.66 | 28.59 | 28.82 | 28.28 | 27.55 | 26.84 | 26.92 | 26.93 | 26.91 | 26.76
1994 [26.6 | 26.59 | 27.27 | 27.9 |28.04 | 27.99 | 27.35 [ 27.35 | 27 | 27.49 | 27.87 | 27.87
1995 | 27.55 | 27.45 | 27.63 | 27.93 | 27.73 | 27.59 | 27.01 | 26.33 | 25.96 | 25.67 | 25.66 | 25.57
1996 | 25.74 | 25.85 | 26.62 | 27.36 | 27.37 | 27.32 | 27.09 | 26.56 | 26.35 | 26.24 | 26.19 | 26.02
1997 | 25.96 | 26.36 | 27.03 | 28.03 | 28.6 | 28.94 | 28.92 | 28.84 | 28.93 | 29.23 | 29.32 | 29.26
1998 | 29.1 | 28.86 | 28.67 | 28.56 | 28.47 | 26.72 | 25.94 | 25.49 | 25.61 | 25.34 | 25.18 | 24.79
1999 [24.9 | 25.41[26.25 | 26.84 | 26.97 | 26.6 | 26.35 | 25.50 | 25.71 | 25.64 | 25.12 | 24.9
2000 | 24.65 | 25.19 | 26.08 | 27.01 | 27.12 | 27.03 | 26.72 | 26.45 | 26.21 | 25.96 | 25.78 | 25.59
2001 | 25.74 [ 26.11 | 26.84 | 27.52 | 27.6 | 27.68 | 27.32 | 26.87 | 26.55 | 26.59 | 26.45 | 26.17
2002 [ 26.5 [26.95]27.32|27.94 | 28.15 | 28.43 | 27.98 | 27.79 | 27.83 | 28.05 | 28.27 | 28.09
Ave |26.49]26.68 | 27.17 | 27.66 | 27.75 | 27.54 | 27.08 | 26.68 | 26.64 | 26.62 | 26.54 | 26.52

Step 2. Sea Surface Temperature Anomaly for Nino 3.4 region (°C) (sea surface
temperature — average SST for monthly series)

Year Jan Feb | Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec
1950 -148 | -1.76 | -0.76 | -0.91 | -145 | -0.75 | -0.49 | -0.57 | -1.08 | -0.59 | -1.12 | -0.98
1951 -1.02 | -0.06 | -0.73 | 0.08 |-0.21 [-0.01 | 040 |0.76 |0.38 |0.78 |0.77 | 0.67
1952 039 |035 |-0.28 |046 |-017 |-048 |-0.26 |0.15 |-0.15 | 0.08 |-0.17 | -0.53
1953 053 |041 |024 |074 |015 | 033 |057 |014 |0.82 |0.29 |040 |-0.09
1954 059 |0.27 |019 |-0.28 |-0.29 |-0.48 |-0.76 | -1.03 |-1.09 |-0.82 | -0.89 | -0.99
1955 -1.37 | -0.41 | -0.86 | -0.65 | -1.09 | -0.82 | -0.69 | -0.76 | -1.63 | -1.79 | -2.20 | -1.47
1956 -1.17 |-0.50 | -0.80 | -0.75 | -0.12 | -0.38 | -0.76 | -0.70 | -0.85 | -0.32 | -0.91 | -0.32
1957 -0.33 |0.20 [020 |050 |0.38 |037 |074 [129 |036 |077 [139 |1.56
1958 193 |156 |[119 |055 | 036 |056 |025 |054 |-051 |0.08 |0.17 |0.50
1959 057 |062 |0.07 |030 |[0.17 |-0.17 |-0.46 |-0.35 |-0.60 |-0.10 | -0.14 | -0.13
1960 0.00 |-0.33 |0.00 |0.18 |-0.10 |-0.19 | -0.01 | 0.22 |-0.01 |-0.34 | -0.42 | -0.21
1961 -0.26 | -0.07 | -0.14 | 010 |[0.09 |051 |-0.18 |-0.23 |-0.71 |-0.59 | -0.38 | -0.24
1962 -0.32 | -0.32 | -0.30 | -0.38 | -0.51 | -0.13 | -0.03 | 0.13 |-0.54 |-0.45 | -0.57 | -0.69
1963 -0.61 |-049 |-0.03 |0.17 |-0.20 | 0.07 | 093 |094 |0.78 |0.97 |09 1.06
1964 093 |046 |-0.21 |-059 |-0.93 |-0.96 | -0.55|-0.68 |-1.12 |-0.79 |-1.22 | -1.14
1965 -0.67 |-0.27 |-0.02 | 0.09 |0.34 |0.73 |115 [137 |129 [154 [159 [1.79
1966 133 | 099 |08 |[0.73 |-0.09 049 |037 |011 |-0.13 |-0.11 |-0.25 |-0.35
1967 -0.34 | -0.26 | -0.59 | -0.79 |-0.25 | 0.20 |-0.15 |-0.20 | -0.60 | -0.53 | -0.35 | -0.41
1968 -0.61 |-091 |-062 |-0.38 |-0.55 |0.06 |0.39 |046 |0.05 |0.30 |0.82 |0.75
1969 120 | 113 |082 |051 | 082 |055 |020 |065 |063 |082 |[0.70 |1.10
1970 090 |042 |025 | 048 |-0.06 |-0.44 |-0.87 |-0.85 |-1.06 |-1.21 | -1.47 | -1.88
1971 -148 | -141 |-1.06 | -1.02 | -0.59 | -0.61 | -0.44 | -044 | -0.76 | -0.70 | -0.96 | -0.91
1972 -0.65 |-0.19 |-0.09 |042 |0.61 |0.80 |1.09 |146 |122 |1.76 |2.08 |2.09
1973 1.76 | 130 | 065 |-0.13 |-049 |-0.84 |-1.04 | -1.02 | -1.20 | -1.37 | -1.78 | -1.94
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1974 -1.91 |-147 | 112 | -0.76 | -0.93 | -0.36 | -0.37 | -0.38 | -0.45 | -0.75 | -0.95 | -0.74
1975 -041 |-035|-058 |-051 |-0.88 |-1.13 |-095 |-113 |-1.33 |-1.556 | -1.31 | -1.70
1976 -1.83 |-1.07 | -0.68 | -0.67 |-0.53 |-0.15 | 013 | 039 | 056 [0.96 |094 |0.69
1977 089 (035 |037 |-0.08 028 [032 |030 |017 (032 |[0.68 |0.75 |0.64
1978 085 |025 |0.19 |-0.44 |-0.36 | -0.43 |-0.40 | -0.55 | -0.44 |-0.21 | -0.14 | 0.01
1979 0.01 0.01 |043 |022 |0.06 |022 |-024 001 |086 |[025 |0.34 |0.52
1980 064 |050 |011 |020 |021 |[058 |024 |-0.09 |-0.04 |[-0.11 |0.06 | 0.39
1981 -0.38 | -0.52 | -0.25 | -0.38 | -0.29 | -0.13 | -0.43 | -0.67 | -0.07 | 0.18 |-0.13 | 0.06
1982 023 |0.02 |0.03 |036 |0.79 |1.21 |1.02 |1.25 |147 |202 |227 |269
1983 287 |245 |186 |[125 |114 |0.70 |-0.01 |-0.15 |-0.20 | -0.75 | -0.96 | -0.93
1984 -0.85 |-0.29 | -0.31 | -0.27 | -0.36 | -0.68 | -0.34 | -0.34 | -0.21 | -0.69 | -1.13 | -1.52
1985 -1.06 | -1.01 |-094 | -0.86 | -0.64 | -0.68 | -0.39 | -0.18 | -0.39 | -0.43 | -0.35 | -0.41
1986 -0.70 |-0.74 | -052 | -0.22 |-0.25 |0.15 | 029 |047 (069 [095 |[119 |[1.18
1987 1.42 1.34 | 130 |1.14 |1.00 | 149 |172 |190 |175 |145 |145 |1.08
1988 083 (054 [014 |-0.34 |-1.27 |-143 | -151 | -144 | -1.21 | -2.00 | -2.27 | -2.19
1989 -1.96 | -1.35 | -1.27 | -0.97 | -0.66 | -0.56 | -0.34 | -0.35 | -0.39 | -0.36 | -0.30 | -0.14
1990 006 (027 |029 |036 |031 [0.04 |017 |0.37 |0.11 0.36 [ 0.18 |0.39
1991 052 (025 |008 |032 |060 [082 [084 |076 (043 [1.01 |132 |1.85
1992 1.92 195 |166 |148 |1.24 | 048 | 045 |-0.04 |-0.16 |-0.28 | -0.03 | 0.21
1993 020 029 |[049 | 093 |1.07 |[0.74 | 047 |0.16 (028 [0.31 |037 |0.24
1994 0.11 -0.09 1010 [024 | 029 |045 |0.27 |067 |036 |087 |133 |1.35
1995 106 | 0.77 |046 |0.27 |-0.02 |0.05 |-0.07 |-0.35 |-0.68 |-0.95 |-0.88 | -0.95
1996 -0.75 |-0.83 | -0.55 | -0.30 | -0.38 | -0.22 | 0.01 |-0.12 | -0.29 | -0.38 | -0.35 | -0.50
1997 -0.53 |-0.32 |-0.14 | 037 |0.85 |1.40 [1.84 |216 |229 |261 |278 |2.74
1998 2.61 218 |150 |090 072 |-082 |-114 |-119 |-1.03 |-1.28 |-1.36 | -1.73
1999 -1.59 |-1.27 |-092 | -0.82 | -0.78 | -0.94 | -0.73 | -1.09 | -0.93 | -0.98 | -1.42 | -1.62
2000 -1.84 |1-149 {109 | -0.65 | -0.63 | -0.51 | -0.36 | -0.23 | -0.43 | -0.66 | -0.76 | -0.93
2001 -0.75 | -0.57 | -0.33 |-0.14 |-015[0.14 | 0.24 |0.19 |-0.09 |-0.03 | -0.09 |-0.35
2002 0.01 027 |015 |0.28 |0.40 089 |0.90 |1.11 119 143 [ 173 |1.57
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Appendix M Lag Correlation Analysis Results

This appendix shows the results from Lag correlation analysis for various datasets, for El
Nino, La Nina and Neutral years.

1. El Nino Years

Correlation Coeff. Vs Beginning Month
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——Lag 3
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Correlation Coefficient

———Lag 8
Lag 9
Lag 10
1 2 3 4 5 6 7 8 9 10 11 12 Lag 11
Beginning Month (Example: 2 = February)

Figure 1. Plots of Correlation coefficients for El Nino Years for Murray River in

Australia
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Figure 2. Plots of Correlation coefficients for El Nina Years for Rio Zana streamflows in

Peru
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Figure 3. Plots of Correlation coefficients for El Nino Years for River Jamari streamflows

in Brazil
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Correlation Coeff. Vs Beginning Month
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Figure 4 Plots of Correlation coefficients for El Nino Years for Chennai Precipitation in

India
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Figure 5 Plots of Correlation coefficients for El Nino Years for Rappahanock River

streamflows in USA
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2 La Nina Years
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Figure 6 Plots of Correlation coefficients for La Nina Years for Murray River
streamflows in Australia
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Figure 7 Plots of Correlation coefficients for La Nina Years for Rio Zana streamflows in

Peru
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Correlation Coeff. Vs Beginning Month
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Figure 8 Plots of Correlation coefficients for La Nina Years for River Jamari streamflows

in Brazil

Correlation Coeff. Vs Beginning Month

0.800
0.600
0.400
0.200
0.000 -
-0.200

-0.400 -

Correlation Coefficient

-0.600

-0.800

1 2 3 4 5 6 7 8 9 10
Beginning Month (Example: 2 = February)

—e—Lag 0
—=a—lag 1
Lag 2
——Lag 3
—x—Lag 4
—e—Lag 5
——Lag 6
——Lag7
———Lag 8
Lag 9
Lag 10
Lag 11

Figure 9 Plots of Correlation coefficients for La Nina Years for Chennai Precipitation in

India
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Figure 10 Plots of Correlation coefficients for La Nina Years for Rappahannock River

streamflows in USA

3. Neutral Years
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Figure 11 Plots of Correlation coefficients for Neutral Years for Murray River

streamflows in Australia
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Correlation Coeff. Vs Beginning Month
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Figure 12 Plots of Correlation coefficients for Neutral Years for Rio Zana streamflows in

Peru
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Figure 13 Plots of Correlation coefficients for Neutral Years for River Jamari

streamflows in Brazil
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Correlation Coeff. Vs Beginning Month
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Figure 14 Plots of Correlation coefficients for Neutral Years for Chennai Precipitation in

India
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Figure 15 Plots of Correlation coefficients for Neutral Years for Rappahannock River
streamflows in USA
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Appendix N Descriptive Analysis Results

The following appendix shows the results of descriptive analysis done on the streamflow/
precipitation datasets with respect to the different classification of years, namely Whole

dataset, El Nino years, La Nina years and Neutral years.

A. Plots of mean monthly streamflow/ precipitation with respect to four
classifications of years

Plot of Mean Monthly SOI vs Month

1.50

—e— Whole Data Set
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0.00 V:N__.l T T ~S— T T }
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Mean Monthly SOI

Month

Figure 1 Plot of Mean Monthly SOI vs Month
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Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for
Murray River
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Figure 2 Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for Murray River in
Australia

Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for Rio
Zana
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Figure 3 Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for Rio Zana in
Peru

238



Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for River

Jamari
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Figure 4 Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for River Jamari in
Brazil

Plot of Mean Monthly Precipitation vs Month for Chennai

—e— Whole Data Set
—=— EI Nino Years
La Nina Years

—«— Neutral Years

Mean Monthly Precipitation (in

1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 5 Plot of Mean Monthly Precipitation (tenths of mm) vs Month for Chennai in
India
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Plot of Mean Monthly Streamflows (cfs) vs Month for
Rappahannock River
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Figure 6 Plot of Mean Monthly Streamflows (cubic m/sec) vs Month for Rappahnnock
River in USA

2. Tables of the deviation of the streamflows/ precipitation from the mean
(Anamoly) during El Nino/ La Nina years

Table 1 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For January series)

January
Average of mean
monthly streamflow

El Nino timeseries for Whole | La Nina
Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) 0.56 5.65 -0.18

River Jamari,
Brazil (cubic
m/sec) 3.60 272.52 -33.85

Murray River,
Australia (cubic

m/sec) -240.29 9679.00 -490.11
Rappahannock

River, Virginia

USA (cfs) -456.11 2226.65 597.20
Chennai

Precipitation,
India (tenths of
mm) -158.94 246.57 -57.72

240



Table 2 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For February series)

Dataset

February

El Nino
years

Average of mean
monthly streamflow
timeseries for Whole
Dataset

La Nina
years

Rio Zana, Peru
(cubic m/sec)

1.07

8.76

-1.19

River Jamari,
Brazil (cubic
m/sec)

-0.40

411.01

72.33

Murray River,
Australia (cubic
m/sec)

505.09

8932.00

273.08

Rappahannock
River, Virginia
USA (cfs)

333.69

2494.22

1.73

Chennai
Precipitation,
India (tenths of
mm)

-11477.90

11517.27

17071.16

Table 3 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For March series)

March

Average of mean
monthly streamflow

El Nino timeseries for Whole | La Nina
Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) 2.19 13.57 0.19
River Jamari,
Brazil (cubic
m/sec) -13.75 452.81 -2.33
Murray River,
Australia (cubic
m/sec) 445.08 9212.86 487.49
Rappahannock
River, Virginia
USA (cfs) 604.78 2793.58 464.71
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Chennai
Precipitation,
India (tenths of
mm) 12397.30 5804.52 22780.77

Table 4 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For April series)

April
Average of mean
monthly streamflow

El Nino timeseries for Whole | La Nina
Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) -0.79 13.70 2.37

River Jamari,
Brazil (cubic
m/sec) 0.48 381.81 6.80

Murray River,
Australia (cubic

m/sec) -94.44 8299.09 771.41
Rappahannock

River, Virginia

USA (cfs) 232.22 2522.78 482.79
Chennai

Precipitation,
India (tenths of
mm) 22.40 155.14 85.28

Table 5 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El
Nino, La Nina Years (For May series)

May
Average of mean
monthly streamflow
El Nino timeseries for Whole | La Nina

Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) -0.82 10.11 1.32
River Jamari,
Brazil (cubic
m/sec) -0.55 215.24 -6.10
Murray River,
Australia (cubic
m/sec) -1734.65 7359.10 988.55
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Rappahannock
River, Virginia
USA (cfs)

-476.53

1804.71

746.29

Chennai
Precipitation,
India (tenths of
mm)

-102.56

448.83

-33.97

Table 6 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For June series)

June
Average of mean
monthly streamflow
El Nino timeseries for Whole | La Nina

Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) 0.03 5.52 0.91
River Jamari,
Brazil (cubic
m/sec) 7.16 100.30 -6.29
Murray River,
Australia (cubic
m/sec) -3346.03 9061.66 -241.60
Rappahannock
River, Virginia
USA (cfs) 537.65 1334.35 140.08
Chennai
Precipitation, India
(tenths of mm) -5619.51 6319.42 -5864.71

Table 7 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For July series)

July

Average of mean
monthly streamflow

El Nino timeseries for Whole La Nina
Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) -0.29 3.57 0.99
River Jamari,
Brazil (cubic
m/sec) 5.66 41.71 0.71
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Murray River,
Australia (cubic

m/sec) -4957.96 15592.01 784.68
Rappahannock

River, Virginia

USA (cfs) 86.97 880.58 51.71
Chennai

Precipitation,
India (tenths of
mm) -184.46 979.10 120.04

Table 8 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For August series)

August
Average of mean
monthly streamflow
El Nino timeseries for Whole | La Nina

Dataset years Dataset years
Rio Zana, Peru
(cubic m/sec) -0.25 2.63 0.30
River Jamari,
Brazil (cubic
m/sec) 3.33 16.67 1.77
Murray River,
Australia (cubic
m/sec) -9284.31 25236.84 6356.93
Rappahannock
River, Virginia
USA (cfs) -207.71 984.34 879.37
Chennai
Precipitation, India
(tenths of mm) -28.84 1359.30 958.27

Table 9 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for El

Nino, La Nina Years (For September series)

September
Average of mean
monthly streamflow
El Nino timeseries for Whole
Dataset years Dataset La Nina years
Rio Zana, Peru
(cubic m/sec) -0.44 2.80 1.40
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River Jamari,
Brazil (cubic
m/sec) 2.22 11.65 -4.20

Murray River,
Australia
(cubic m/sec) -13250.98 28372.53 13325.65

Rappahannock
River, Virginia
USA (cfs) -321.52 979.61 506.09
Chennai
Precipitation,
India (tenths of
mm) -343.85 1194.31 141.98

Table 10 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for
El Nino, La Nina Years (For October series)

October
Average of mean
monthly
streamflow
El Nino timeseries for
Dataset years Whole Dataset La Nina years
Rio Zana, Peru
(cubic m/sec) -0.25 3.79 2.41

River Jamari,
Brazil (cubic
m/sec) 5.08 16.74 -2.74

Murray River,
Australia (cubic
m/sec) -12073.86 28882.62 10239.87

Rappahannock
River, Virginia USA
(cfs) -638.21 1205.12 316.17

Chennai
Precipitation, India
(tenths of mm) -2399.30 5371.30 25225.85
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Table 11 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for

El Nino, La Nina Years (For November series)

November
Average of mean
monthly streamflow

El Nino timeseries for
Dataset years Whole Dataset La Nina years
Rio Zana, Peru
(cubic m/sec) -0.08 3.67 1.18

River Jamari,
Brazil (cubic
m/sec) 13.20 43.49 6.15

Murray River,
Australia (cubic

m/sec) -9921.38 22108.74 9370.49
Rappahannock

River, Virginia

USA (cfs) 311.07 1362.93 -230.78
Chennai

Precipitation,
India (tenths of
mm) 985.83 3350.80 232.63

Table 12 Means of Average Monthly Streamflow/ Precipitation Anomaly of Rivers, for

El Nino, La Nina Years (For December series)

December

Average of mean

monthly

streamflow

El Nino timeseries for

Dataset years Whole Dataset La Nina years
Rio Zana, Peru
(cubic m/sec) 0.77 3.50 0.22

River Jamari, Brazil
(cubic m/sec) -0.25 114.37 9.93

Murray River,
Australia (cubic
m/sec) -3459.63 12336.07 1559.69

Rappahannock
River, Virginia USA
(cfs) 143.55 1759.00 91.71

Chennai
Precipitation, India
(tenths of mm) 15918.43 4287.67 -3021.67
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3. Plots of mean monthly anomalies for El Nino and La Nina years for streamflows/
precipitation

Plot of Mean Monthly SOl Anomalies vs Month
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Table 7 Plot of Mean Monthly SOI Anomalies vs Month

Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs
Months for Murray River, Australia
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Table 8 Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs Month for
Murray River, Australia
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Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs
Month for Rio Zana, Peru
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Table 9 Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs Month for Rio
Zana, Peru

Plot of Mean Monthly Streamfloe Anomalies (cubic m/sec) vs
Months for River Jamari, Brazil
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Table 10 Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs Month for River
Jamari, Brazil
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Plot of Mean Monthly Precipitation Anomaly (in tenths of mm) vs
Month for Chennai, India
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Table 11 Plot of Mean Monthly Precipitation Anomalies (in tenths of mm) vs Month for
Chennai, India

Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs
Months for Rappahannock River, USA

1200 —eo— EI Nino Years
1000 La Nina Years
800

600 -

. Va\

200 - / \\ / \ /\
200 [ ANV

207 J ~_7

600 - \J

-800

Mean Monthly Streamflow
Anomalies (cubic m/sec)

1 2 3 4 5 6 7 8 9 10 11 12
Month

Table 12 Plot of Mean Monthly Streamflow Anomalies (cubic m/sec) vs Month for
Rappahannock River, USA
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