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Purpose: To archive water temperature data collected from the three major branches of the
Upper Au Sable River system over a 20 year period. A very brief analysis and description of data
is also provided.

Thermometer deployment sites:

Mainstream Au Sable River: Thendara Road and Stephan Bridge
North Branch Au Sable River: Twin Bridges and Dam 4
South Branch Au Sable River: Chase Bridge and Smith Bridge

Background:

Water temperature is one of the most important factors affecting the suitability of river and stream
habitats for trout. Water temperature affects their survival, growth, reproductive success and their
food supply. Accordingly, Michigan fisheries and research biologists have collected water
temperature data from streams to assess their suitability for trout for at least the past 75 years. In
the past it was very labor intensive to collect detailed data on water temperature variation (daily or
seasonal). However, by the late 1980s new electronic technologies made collection of massive
amounts of temperature data more affordable. In 1989, Dr. Richard D. Clark Jr., at the Michigan
DNR'’s Institute for Fisheries Research purchased several electronic thermometers from Ryan
Instruments and deployed them in the Au Sable River. The price per unit at that time was about
$1,000. These units were capable of collecting water temperature data at specified intervals and
the data could be quickly and easily downloaded into a PC. Within less than 10 years electronic
thermometers became much cheaper, which enabled Fisheries Division to purchase and deploy
hundreds of them throughout the state. Summaries of the year-round water temperature data
collected electronically in the Upper Au Sable River System over the past 20 years are provided
in this report.

Data quality and accuracy:

New electronic thermometers of the types used to collect the Au Sable River system
temperatures are certified to be accurate to within roughly 0.5 °F. However, thermometers do
occasionally malfunction and lose calibration. Serious malfunctions are easily detected but small
changes in accuracy (+1-2 °F) are difficult to detect. Beginning in 2003, we began deploying two
thermometers at most sites so that readings could be compared between thermometers at the
end of each deployment. In addition, we began checking the calibration of thermometers by
deploying them in an artesian spring for several weeks about once every 1.5 years.
Thermometers that were inaccurate were discarded or repaired. | also checked correlations
between temperatures at multiple stations (e.g. Thendara Road and Stephan Bridge) to help
detect anomalies. In this instance, | knew that mid-summer water temperatures at Stephan
Bridge should be colder than at Thendara, so if this relation changed it was an indication of
thermometer malfunction. Data of questionable accuracy were discarded. This report focuses on
monthly summary statistics. | did not present monthly summary statistics unless valid data were
available for at least 25 days of the month. The graphics in this report are based on July water
temperatures. All July data presented are complete (data for all 31 days of the month).

Rationale for focusing on July water temperatures

In the upper Au Sable River average July water temperatures are almost always the highest of
the year. Average July water temperatures were computed as the average of all temperature
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readings taken in the month. In most years temperature readings were taken once each hour so
the July averages are derived from 744 measurements (31 days x 24 readings/day).

Common terms used in this report:

e Mean monthly water temperature — Average of all temperatures readings taken during the
month.

e Average of daily maximum water temperatures for a month
0 Note that this is NOT the same as the highest temperature in a month. For example, the
highest temperature recorded at Twin Bridges in July 1990 was 80.4 °F but the average
of the 31 highest daily temperatures was only 70.4 °F.

e Average of daily minimum water temperatures for a month — See bullet above

e Highest water temperature recorded during the month — Highest of 744 readings

e Average daily range of July water temperatures
. Average daily maximum temperature minus average daily minimum temperature

Data Summary:

The same temporal pattern of warmer or colder mean July water temperatures was evident at all
sites on all three branches of the Au Sable. The coldest July water temperatures at all six
stations were recorded in 1992 and 2009 (See Figures 1 through 6). Years with July
temperatures that were warmer than average included 1999, 2002, 2005 and 2006.

The average range of July water temperatures at each thermometer site were similar between
warm and cold years (Figure 7). In the Mainstream and South Branch the average range of July
water temperatures was low, about 6 F in both 2006 when it was hot, and in 2009, which was
cool. However, in the North Branch, the average range in July water temperatures was about
10°F (Figure 7). The higher variation in July water temperatures in the North Branch is
presumably due its wide and shallow channel morphology. Long term (1990-2009) mean July
water temperatures were approximately 64 °F at all sites except Stephan Bridge, where July
temperatures averaged 62 °F (Figure 8).

Both the highest summer temperatures and the lowest winter temperatures are found in the North
Branch. These temperature extremes are believed to contribute to the higher mortality rates
exhibited by trout in the North Branch, as compared to the South Branch or Mainstream.

Monthly temperature statistics for all six stations for the past 20 years are contained in Tables 1-
24,

The highest mean July air temperatures since the turn of the century occurred in 2002, 2005, and
2006 whereas the coolest July was 2009 (Figure 9). Mean July water temperature is highly
correlated with mean July air temperature at all Au Sable River stations evaluated, as shown in
Figure 10.

Figures 9 and 10 illustrate that one-time (year) measurements of summer water temperature
should be evaluated in the context of how hot air temperatures were compared to long-term
averages. They indicate that air temperature should be considered and accounted for in
evaluations of effects of management actions such as beaver dam removals on water
temperatures. False conclusions on the effectiveness (or ineffectiveness) of management
actions based on a simple before-and-after dam removal comparison of summer water
temperatures could easily be made if air temperature differences between years are not
considered.



Mainstream Au Sable River at Thendara Road 1990-2009
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Figure 1.—Mean July water temperature (°F) and average daily range of July water
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temperatures at Thendara Road. The horizontal tick marks depict the July mean temperature.
The top of the vertical bars are the average of 31 daily maximum water temperatures and the

bottom of the vertical bars are the average of 31 daily minimum water temperatures.

Mainstream Au Sable River at Stephan Bridge 1991-2009
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Figure 2.—Mean July water temperature (°F) and average daily range of July water

temperatures at Stephan Bridge.
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North Branch Au Sable River at Twin Bridges 1990-2009
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Figure 3.—Mean July water temperature (°F) and average daily range of July water temperatures
at Twin Bridges. The horizontal tick marks depict the July mean temperature. The top of the
vertical bars are the average of 31 daily maximum water temperatures and the bottom of the
vertical bars are the average of 31 daily minimum water temperature measurements.

North Branch Au Sable River at Dam 4: 1990-2009
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Figure 4.—Mean July water temperature (°F) and average daily range of July water temperatures
at Dam 4.



South Branch Au Sable River at Chase Bridge 1990-2009
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Figure 5.—Mean July water temperature (°F) and average daily range of July water
temperatures at Chase Bridge. The horizontal tick marks depict the July mean temperature. The
top of the vertical bars are the average of 31 daily maximum water temperatures and the bottom
of the vertical bars are the average of 31 daily minimum water temperature measurements.

South Branch Au Sable River at Smith Bridge 1991-2009

75
70
=
[} £
< -+
[
o 65 3+
-
<
= 1
Lo T -+ ES
60 |
55 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o — N (a2} < [Te} (e} N~ [e0] (e} o — [aV} [a2) < [Te} (e} N~ o [}
(@) (o)) (o) (@] (@] (@] (@] [e)] (@] (@] o o o o o o o o o o
o)) (o)) o)) o)) (o)) ()] ()] ()] ()] ()] o o o o o o o o o o
— — — — — — — — — — N N N N N N N N N N
Year

Figure 6.—Mean July water temperature (°F) and average daily range of July water
temperatures at Smith Bridge.



02006 £32009

75
70
= 65 1T
(5]
<
z I l
()
e
< 4
© I 4L g i
L 60 +— s = ks, | o
o s = ks, o
o eedes s = 67.31 1 o
o 2 s = | PPN o
66.1 0 P o o 65'9// . 66.1 o ELELE, 65.9 o I
PSS, 6404 i, i s, A, )
A, A, Lt s, A, A,
S, ey 61 élf/é. 2
55 +—— 160 gg R S ﬁgig W}' —
AP, & L LS, A, A,
A, ey L LS, A, A,
A, ey L LS, A, A,
A, ey L LS, A, A,
A, ey L LS, A, A,
A, ey L LS, A, A,
S, A, e, PSS, S, S,
50 T T T T T
Thendara Rd. Stephan Twin Bridges Dam 4 Chase Bridge Smith Bridge
Bridge

Figure 7.—Comparisons of mean July water temperature (OF) and average range of water
temperatures at six sites on the Upper Au Sable River system during a warm July (2006) and a
cold July (2009).

All available July temperature data 1990-2009
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Figure 8.—Comparisons of mean July water temperature (°F) and average range of water
temperatures at six sites on the Upper Au Sable River system based on all years from 1990-2009
that had complete temperature records (See Tables 1-24 to determine which years are included
in the computation of the averages and ranges).
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Mean June-August Air Temperature (F) at Hunt Creek Research Station

The heavy horizontal line at 67.1 F is mean July air temperature 2001-2009
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Figure 10.—Relation between mean July water temperature at Au Sable River sites (°F) and
mean July air temperatures collected at the Hunt Creek Fisheries Research Station from 2001
through 20009.



Table 1.—Mainstream Au Sable River at Stephan Bridge. Mean monthly water temperature (°F)
by year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1990 46.1 409 357
1991 339 358 396 478 584 634 617 615 545
1992 58.9 57.7 54.3
1993 58.7 636 61.8 531 463 394 364

1994 332 338 387 448 545 611 626 596 563 488 414 377
1995 354 346 403 450 533 627 638 636 539 492 375 344

1996 339 351 379 385 36.1
1997 339 355 39.3 36.9
1998 351 382 388 469 57.7 599 419 38.0
1999 344 36.6 399 482 56.2 626

2000 558 60.2 60.8 604 553 490 417 355

2000 37.0 367 401 476 560 608 625 619 550 478 444 396
2002 370 370 382 467 517 603 649 615 574

2003 594 618 623 555 472 420 374
2004 346 36.2 40.7 481 538 596 61.1 586 574 486 422 36.0
2005 346 364 385 481 526 63.7 637 618 574 496 418 364
2006 37.8 360 404 489 554 606 640 612 547 464 425 384
2007 365 345 403 458 561 620 610 60.7 563 509 407 36.3
2008 357 348 380 472 530 602 619 600 551 470 410 349
2009 339 355 391 460 539 590 593 60.2

Ave. 351 358 393 470 549 609 621 609 554 481 410 36.6

Table 2.—Mainstream Au Sable River at Stephan Bridge. Average of DAILY MAXIMUM
water temperatures (°F) by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1990 48.4 427 37.0
1991 353 379 423 509 622 685 657 66.2 576
1992 62.0 61.1 56.7
1993 619 674 651 551 487 407 374

1994 343 358 419 488 592 66.0 66.0 629 591 507 428 386
1995 365 36.2 4277 477 574 673 683 674 571 516 390 354

1996 352 36.9 413 39.6 37.0
1997 348 37.1 403 37.7
1998 36.1 396 412 50.8 622 642 43.0 39.0
1999 354 382 429 517 604 665

2000 505 637 647 641 582 511 426 36.5

2001 381 381 428 503 591 648 668 656 577 495 457 405
2002 381 38.7 403 493 548 635 691 651 606

2003 635 659 659 583 489 432 383
2004 355 382 426 511 565 633 646 619 607 503 433 36.8
2005 354 379 413 514 560 677 674 651 601 515 430 371
2006 38.7 375 428 518 588 641 673 641 56.7 478 435 391
2007 376 36.1 423 484 598 655 648 640 589 526 417 371
2008 36.8 36.2 403 496 563 630 653 636 576 487 421 358
2009 349 371 415 487 572 622 626 63.0

Ave. 36.2 374 419 50.0 585 647 659 643 582 500 422 376




Table 3.—Mainstream Au Sable River at Stephan Bridge. Average of DAILY MINIMUM

water temperatures (°F) by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1990 446 39.6 34.7
1991 330 346 377 458 555 594 586 579 522
1992 55.6 54.0 514
1993 56.3 606 59.1 514 445 385 356
1994 326 326 366 427 514 578 605 573 543 473 401 36.7
1995 346 334 385 430 506 591 604 611 515 479 364 336
1996 329 339 358 374 353
1997 332 337 38.3 36.1
1998 342 37.0 36.3 432 536 559 40.8 37.0
1999 335 351 374 452 525 591
2000 526 57.0 574 573 528 471 408 34.6
2001 36.2 355 378 453 534 572 585 586 526 46.2 431 38.6
2002 36.0 354 36.2 443 491 574 610 582 545
2003 556 580 59.1 529 455 408 36.6
2004 338 346 391 456 515 563 579 557 543 470 410 352
2005 339 350 359 451 495 60.1 604 59.0 549 48.0 406 357
2006 36.8 346 384 463 525 573 613 587 528 452 414 376
2007 356 334 384 435 529 589 577 579 540 494 395 353
2008 348 336 360 449 502 579 592 570 533 456 39.8 34.0
2009 33.0 343 372 438 510 561 565 579
Ave. 343 344 372 445 519 576 589 579 531 465 399 358
Table 4.—Mainstream Au Sable River at Stephan Bridge. Highest water temperature (°F)
recorded by month and year; 1990-2009.
Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1990 56.1 52.0 405
1991 383 399 486 599 714 721 698 689 65.7
1992 67.3 676 62.8
1993 67.8 732 70.0 608 639 442 4038
1994 360 394 469 777 675 748 700 676 644 552 498 428
1995 390 39.6 484 529 664 745 748 707 642 714 466 379
1996 406 41.0 46.8 48.0 39.9
1997 37.1 405 478 39.7
1998 408 44.4 497 58.1 702 720 50.1 479
1999 395 429 518 596 677 724
2000 66.1 69.7 69.7 685 679 580 49.7 40.0
2001 409 404 482 614 643 730 723 736 655 581 51.3 496
2002 414 410 451 631 66.7 723 743 69.1 66.1
2003 722 698 70.1 634 558 486 414
2004 40.8 439 477 586 655 702 69.2 672 654 541 480 39.9
2005 393 404 494 586 646 722 704 713 651 637 496 399
2006 41.3 40.7 502 583 707 704 713 731 620 56.6 482 4138
2007 432 399 508 591 658 701 690 699 640 620 46.1 41.0
2008 413 382 447 592 632 687 684 675 643 550 502 393
2009 36.2 419 472 555 647 702 676 682
Ave. 397 409 483 602 668 714 705 696 644 59.2 487 415
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Table 5.—Mainstream Au Sable River at Thendara Road. Mean monthly water temperature
(°F) by year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1989 48.4 402 37.3
1990 385 375 40.0 475 56.4 628 62.0 571 473 419 36.9

1991 352 36.7 40.2 484 592 649 646 631 554 472 402 351
1992 351 351 375 429 546 583 599 588 550 464 381 355
1993 340 339 383 444 538 596 646 628 536 460 39.1 36.1
1994 332 336 384 455 549 618 634 604 570 490 411 37.2
1995 349 341 399 449 537 638 647 647 546 486 37.0 340
1996 335 346 374 430 530 604 619 629 6566 471 376 352
1997 331 346 379 441 511 38.2 356
1998 33.7 61.3 647 635 581 494 412 37.2
1999 333 355 391 484 575 645 652 619 545 469 425 370
2000 37.0 384 421 463

2001

2002 61.1 664 634 588 465 401 371
2008 349 352 393 456 530 608 641 64.7 56.7 46.7 40.7 36.9
2004 371 386 420 475 516 588 624 60.0 574 48,6 427 38.0
2005 373 385 405 480 523 654 661 637 589 49.8 408 349
2006 36.4 347 396 488 559 622 661 63.0 556 462 417 372
2007 354 333 396 458 554 638 625 619 572 514 410 373
2008 374 36.2 40.6 475 473 40.2 335
2009 332 351 387 458 535 593 600 604

Ave. 352 356 395 461 543 614 637 623 564 478 402 36.2

Table 6.—Mainstream Au Sable River at Thendara Road. Average of DAILY MAXIMUM
water temperatures (°F) by month and year; 1989-2009.

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec

1989 50.0 413 386
1990 395 39.0 418 504 547 605 667 648 596 490 433 378
1991 36.0 380 422 505 625 696 690 673 584 489 414 36.1
1992 358 361 393 446 579 625 639 628 579 486 391 364
1993 349 353 409 469 568 623 679 659 555 478 404 371
1994 340 350 412 485 591 662 664 634 596 509 425 381
1995 357 355 420 474 576 682 689 682 578 504 385 348
1996 345 36.1 405 46.0 56.7 637 659 672 595 508 387 36.0
1997 338 36.1 40.2 46.2 536 39.1 36.3
1998 34.6 646 688 66.8 61.0 512 423 382
1999 341 37.0 420 519 618 684 689 654 570 486

2000

2001

2002 643 705 67.0 618 478 410 37.8
2003 357 36.2 411 485 559 651 683 684 594 485 420 377
2004 37.7 397 433 494 534 621 659 631 602 500 436 385
2005 378 394 422 504 552 696 699 669 615 516 421 355
2006 37.3 360 417 510 590 656 691 659 574 474 427 381
2007 36.3 345 415 473 580 67.1 659 646 594 528 418 378
2008 38.2 37.1 419 495 489 414 343
2009 338 364 410 482 56.0 622 632 629

Ave. 359 36.7 414 485 572 651 675 657 591 496 412 370
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Table 7.—Mainstream Au Sable River at Thendara Road. Average of DAILY MINIMUM

water temperatures (°F) by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1989 46.2 389 36.1
1990 374 359 377 444 529 588 59.8 546 452 40.1 358
1991 343 353 376 458 564 613 612 600 532 453 386 34.0
1992 342 338 355 405 506 549 570 558 528 448 373 3438
1993 333 328 36.2 424 516 574 619 605 521 447 383 355
1994 327 327 363 432 517 589 616 581 552 476 39.7 36.1
1995 340 331 380 428 511 603 615 623 523 472 359 334
1996 328 336 354 409 505 581 589 596 547 448 366 345
1997 325 33.1 358 41.8 485 372 348
1998 33.0 58.1 609 604 554 477 401 36.4
1999 327 343 366 453 537 610 621 586 520 454
2000
2001
2002 585 628 60.1 56.0 452 39.1 36.3
2003 342 346 378 428 504 568 603 614 540 449 394 36.0
2004 36.7 378 409 458 502 559 593 57.0 547 472 418 375
2005 36.8 375 388 458 498 618 626 60.8 56.3 482 39.8 343
2006 356 336 375 46.6 532 589 633 603 537 449 407 365
2007 346 325 379 444 529 608 594 594 551 50.1 401 36.6
2008 36.9 355 39.2 454 458 39.0 328
2009 326 341 369 436 510 566 573 581
Ave. 344 344 374 438 515 583 606 595 541 46.2 39.0 354
Table 8. —Mainstream Au Sable River at Thendara Road. Highest water temperature (°F)
recorded by month and year; 1990-2009.
Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1989 54.1 47.1 40.3
1990 417 423 475 64.9 68.4 736 69.8 684 57.0 522 414
1991 388 412 491 608 725 743 745 707 669 550 496 403
1992 387 394 437 527 669 673 680 684 637 565 428 397
1993 372 379 491 541 66.2 678 736 709 615 556 446 406
1994 354 385 466 549 673 748 703 680 655 558 500 423
1995 387 38.7 477 527 664 754 756 714 655 579 462 37.8
1996 396 403 46.0 520 658 738 705 729 66.2 595 480 39.1
1997 36.2 394 475 539 65.0 472 385
1998 394 732 741 708 673 556 500 481
1999 380 422 517 604 694 751 773 694 647 559
2000
2001
2002 73.0 757 710 685 62.6 482 414
2003 396 385 482 576 619 757 730 73.0 649 569 481 405
2004 414 439 469 547 583 675 707 69.8 655 53.6 48.0 41.0
2005 40.7 416 485 564 637 753 734 740 675 649 494 385
2006 40.2 396 497 566 725 725 737 762 634 572 480 413
2007 427 385 497 536 678 729 705 714 646 629 46.0 415
2008 42.6 40.7 449 585 56.3 50.7 37.6
2009 35.0 40.7 46.8 549 624 696 679 67.9
Ave. 39.2 402 477 56.2 662 723 726 710 656 575 48.0 40.6
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Table 9.—North Branch Au Sable River at Twin Bridges. Mean monthly water temperature

(°F) by year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1990 614 648 63.0 56.2 464 40.2 34.6
1991 330 352 393 478
1992 61.2 60.3 56.0
1993 605 657 642 546 46.1 388 355
1994 322 329 384 449 555 635 646 615 582 497 414 36.8
1995 346 33.6 399
1996
1997 63.2 641 601 56.2 481 389 36.1
1998 344 377 387 477 58.6 60.7 49.9 418 37.6
1999 341 36.1 396 487 577 649 669 625 564 472 421 36.2
2000 33.8 358 429 471 569 616 632 627 56.6 497 410 333
2001 344 347 391 470 565 622 644 646 566 482 439 385
2002 36.0 358 376 464 522 617 671 639 596 47.0 388 351
2003 33.0 329 385 453 542
2004 332 347 40.0 473 537 608 634 606 592 490 415 350
2005 335 358 381 476 528 650 656 636 588 503 41.0 348
2006 363 347 397 486 563 624 659 631 558 46,6 413 37.1
2007 350 333 395 455 39.8 346
2008 349 342 376 46.1 48.0 40.7 33.8
2009 331 351 391 463 551 612 613 621
Ave. 341 348 392 469 554 622 645 625 57.0 482 408 356
Table 10.—North Branch Au Sable River at Twin Bridges. Average of DAILY MAXIMUM
water temperatures (°F) by month and year; 1990-2009.
Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1990 669 704 674 60.2 49.8 429 36.3
1991 34.0 379 437 5238
1992 65.9 65.0 59.3
1993 65.7 712 685 574 489 40.7 36.7
1994 326 342 440 510 633 711 704 668 623 529 437 384
1995 359 355 441
1996
1997 69.0 699 643 59.1 505 403 37.2
1998 356 399 420 523 63.8 655 52.8 43.4 38.9
1999 351 382 443 546 642 710 722 664 594 496 444 373
2000 34.8 377 470 526 622 666 681 67.0 596 524 423 343
2001 355 363 431 513 617 683 704 693 600 506 459 398
2002 375 380 408 508 569 666 726 681 630 493 405 364
2003 34.0 344 422 511 599
2004 339 371 434 522 582 665 685 645 626 509 429 358
2005 343 375 415 520 571 703 706 675 621 529 428 359
2006 37.7 36.7 435 534 616 681 711 672 587 48.8 428 383
2007 36.2 347 432 505 41.3 35.8
2008 36.1 358 413 51.0 50.3 423 346
2009 339 370 431 512 609 66.7 66.0 658
Ave. 351 367 432 519 609 679 698 66.7 603 507 426 36.8
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Table 11.—North Branch Au Sable River at Twin Bridges. Average of DAILY MINIMUM

water temperatures (°F) by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1990 56.8 59.7 59.0 53.0 440 383 335
1991 324 337 36.2 446
1992 53.1 56.6 554 522
1993 56.3 61.1 60.3 520 440 374 346
1994 318 322 350 408 50.0 579 606 575 546 472 395 354
1995 335 323 36.6
1996
1997 57.7 589 564 532 458 376 350
1998 333 358 36.0 436 539 56.3 46.9 40.2 36.2
1999 332 342 355 436 515 592 618 583 528 446 401 351
2000 33.0 344 392 420 518 567 582 583 535 469 396 326
2001 336 333 355 432 507 544 586 598 532 459 420 373
2002 347 340 348 426 481 576 618 595 559 446 369 338
2003 322 321 355 403 489
2004 326 329 372 433 500 557 586 564 552 471 40.1 343
2005 329 343 350 436 489 600 606 59.6 551 478 394 34.0
2006 350 331 363 442 518 569 607 587 530 445 39.7 36.0
2007 340 324 36.4 413 38.1 334
2008 34.0 329 343 417 456 39.1 329
2009 325 336 358 420 499 56.1 56.8 583
Ave. 332 334 359 426 505 568 595 583 536 458 391 346
Table 12.—North Branch Au Sable River at Twin Bridges. Highest water temperature (°F)
recorded by month and year; 1990-2009.
Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1990 745 804 736 718 57.6 529 405
1991 38.8 419 491 621
1992 68.9 711 727 66.9
1993 725 763 732 639 574 444 406
1994 331 410 496 576 721 813 738 716 67.1 585 514 426
1995 401 406 514
1996
1997 75.1 772 726 647 601 478 394
1998 411 464 492 609 711 741 57.0 495 47.2
1999 40.0 431 53.7 64.7 71.2 77.3 77.9 69.7 67.0 55.3 525 45.0
2000 38.3 475 548 627 705 748 729 708 688 595 514 38.0
2001 386 397 500 644 693 763 775 784 676 60.1 520 49.1
2002 419 430 475 648 686 765 793 722 689 646 493 432
2003 39.0 405 513 626 67.8
2004 405 466 493 631 666 734 738 707 678 561 474 39.6
2005 38.7 413 505 609 669 766 753 744 681 658 510 39.6
2006 41.3 401 513 603 750 750 763 788 643 595 48.0 407
2007 424 404 53.8 62.9 457 40.1
2008 41.0 387 476 625 57.7 51.0 387
2009 358 437 498 599 69.1 766 714 727
Ave. 394 423 506 621 698 752 756 732 672 59.1 496 417
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Table 13.—North Branch Au Sable River at Dam 4. Mean monthly water temperature (°F) by

year; 1990-2009.

Month

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1990 639 619 56.3 46.3 40.7 349
1991 327 349 429 64.0 639 63.0 553 479 40.1
1992 60.2 594 55.0
1993 59.6 64.8 63.1 53.6
1994 63.0 60.1 56.8 488 410 36.8
1995 350 33.6 404 447 529 639 652 650 547 491 368 328
1996 322 339 376 432 532 610 626 638 570 474 378 351
1997 327 349 384 446 527 636 646 602 563 480 389 36.1
1998 34.3 377 391 483 59.7 616 416 37.1
1999 335 359 398 489 580 652 67.6 46.8
2000 576 623 640 63.0 56.9 49.7 407 327
2001 339 342 393 479 576 636 655 654 56.7 482 440 383
2002 358 356 376 472 517 46.5 384 343
2003 323 319 382 457 547 616 650 650 571 469 40.7 353
2004 324 341 406 477 538 613 638 609 594 488 410 34.1
2005 330 352 379 483 533 659 661 638 589 499 408 345
2006 36.2 343 402 490 565 624 663 633 556 463 413 37.0
2007 346 33.1 403 459 573 650 647 643 586 521 397 345
2008 349 340 377 481 542 623 648 63.1 57.3
2009 553 616 615 620
Ave. 338 345 393 469 552 628 643 628 56.6 48.2 402 35.3

Table 14.—North Branch Au Sable River at Dam 4. Average of DAILY MAXIMUM water

temperatures (°F) by month and year; 1990-2009.
Month

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1990 69.8 66.7 604 49.2 430 364
1991 33.3 36.6 46.7 71.0 703 69.8 596 504 417
1992 66.6 653 594
1993 64.6 706 68.2 56.9
1994 68,5 65.7 611 521 433 385
1995 360 350 440 483 571 70.0 715 703 595 524 39.0 337
1996 33.1 357 427 489 599 66,6 697 712 618 514 394 36.2
1997 334 371 428 489 576 69.0 70.7 649 600 509 405 374
1998 354 40.0 424 533 653 66.9 43.3 38.3
1999 342 38.0 444 544 642 710 735 49.9
2000 63.3 679 70.1 690 616 532 422 332
2001 348 360 436 523 627 697 720 710 612 511 46.2 39.6
2002 373 380 410 517 56.3 49.0 401 355
2003 329 325 409 515 607 685 714 709 617 501 426 36.8
2004 328 355 433 520 581 66.7 694 66.1 649 516 428 34.9
2005 336 372 420 537 585 719 724 693 637 532 427 353
2006 37.7 362 443 539 619 684 722 69.0 596 489 431 382
2007 357 339 435 501 630 712 710 698 633 550 413 354
2008 36.0 353 414 523 600 674 705 69.1 616
2009 61.1 674 67.0 66.9
Ave. 347 362 431 516 606 686 704 684 61.0 512 421 364
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Table 15.—North Branch Au Sable River at Dam 4. Average of DAILY MINIMUM water
temperatures (°F) by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1990 500 580 53.0 436 385 336
1991 320 334 394 585 59.2 58.0 522 458 37.9
1992 55,9 547 51.8
1993 555 60.1 59.1 50.9
1994 500 56.3 534 464 391 355

1995 337 325 375 415 492 584 600 610 510 473 352 322
1996 316 327 346 398 488 571 577 585 540 446 36.2 343
1997 323 330 351 40.7 482 581 592 564 533 456 373 350

1998 333 359 363 436 545 56.9 40.0 36.0
1999 329 341 360 443 525 601 627 44.0

2000 529 576 58.7 583 530 464 393 323
2001 332 331 358 441 533 581 597 604 530 458 420 372
2002 345 339 349 435 476 444 36.7 33.3

2003 31.8 317 359 408 497 6556 593 599 529 441 388 341
2004 321 330 383 439 502 656.2 590 563 546 464 39.2 333
2005 325 336 346 436 488 60.7 607 59.1 545 471 390 338
2006 348 329 370 446 520 570 611 584 525 441 396 358
2007 33.7 325 377 424 525 596 593 593 548 495 380 334
2008 342 331 347 440 496 581 603 580 538

2009 50.2 56.6 56.8 57.8

Ave. 330 332 363 428 50.7 577 59.3 582 53.0 457 384 343

Table 16.—North Branch Au Sable River at Dam 4. Highest water temperature (°F) recorded
by month and year; 1990-2009.

Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1990 80.1 723 716 579 538 415
1991 39.0 421 538 765 759 738 685 556 49.1
1992 711 720 673
1993 714 765 73.8 63.0
1994 727 711 664 574 514 435

1995 403 405 514 545 702 799 801 756 69.1 748 477 387
1996 415 441 489 549 685 783 741 772 711 579 492 399
1997 368 422 530 570 690 766 782 738 664 615 483 399

1998 425 475 522 618 738 763 509 484
1999 409 437 537 641 718 773 798 57.6

2000 730 778 764 743 730 620 512 381
2001 395 400 512 6661 710 79.2 784 813 698 621 527 50.2
2002 428 428 48.7 66.7 644 66.0 50.2 428

2003 38.7 334 522 637 691 792 778 771 691 592 48.2 41.0
2004 405 457 491 621 685 750 748 736 705 579 486 397
2005 39.2 417 525 628 705 786 776 780 703 67.7 517 397
2006 417 406 526 613 761 767 786 814 668 61.0 489 417
2007 431 406 537 618 7v0v 771 771 775 704 68.1 463 409
2008 420 389 482 628 675 756 743 734 707

2009 705 785 723 748

Ave. 406 417 515 615 703 771 764 753 69.0 618 499 419
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Table 17.—South Branch Au Sable River at Chase Bridge. Mean monthly water temperature

(°F) by year; 1989-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1989 61.0 647 609 550 47.0 380 329
1990 341 338 360 468 564 623 647 625 570 46.2 393 337
1991 331 342 374 50.0
1992 61.1 59.3 558
1993 61.3 665 638 543 458 378 34.6
1994 328 332 357 453 566 628 647 624 589 499 407 356
1995 341 340 383 450 552 650 658 669 559 495 356 333
1996 33.1 33.8 349 424 548 629 643 643 57.1
1997 38.1 354
1998 34.1 36.1 61.6 637 618 574 497 408 36.7
1999 333 342 385 482 567 631 678 628 559 469 420 359
2000 359 375 417 46.7 58.6 546 498 40.1 344
2001 373 369 381 480 59.2 644 642 629 560 482 429 36.8
2002 342 344 346 465 533 634 664 615 572 47.0 407 372
2003 372 370 398 442 528 615 642 646 570 471 394
2004 63.4 60.0 582 49.2 40.6 339
2005 329 340 354 471 541 663 658 632 582 503 403 335
2006 340 332 370 506 574 640 673 635 560 459 399 3438
2007 341 333 378 457 593 658 635 624 574 516 401 351
2008 345 339 368 478 551 643 654 622 581 48.1 402 345
2009 331 335 355 464 571 627 608 60.2
Ave. 342 346 372 467 562 633 647 625 56.7 483 39.8 34.9
Table 18.—South Branch Au Sable River at Chase Bridge. Average of DAILY MAXIMUM
water temperatures (°F) by month and year; 1989-2009.
Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1989 639 688 649 582 488 39.1 336
1990 352 354 378 485 584 648 680 651 593 479 408 344
1991 338 358 404 523
1992 63.7 624 57.9
1993 629 694 66.6 557 475 389 354
1994 336 347 383 475 597 671 679 649 612 516 418 364
1995 349 354 402 470 583 694 705 702 591 506 368 34.0
1996 340 352 375 443 572 651 673 684 65.2
1997 38.8 36.1
1998 349 374 65.0 683 656 609 515 418 37.6
1999 341 357 411 510 60.2 659 707 66.2 590 483 434 36.6
2000 36.6 385 438 495 611 56.6 519 410 35.1
2001 37.8 377 399 497 613 672 689 668 588 49.8 440 377
2002 351 359 361 489 556 66.2 708 656 605 482 416 37.8
2003 37.7 378 411 462 547 647 681 684 598 487 405 .
2004 66.7 634 61.7 50.7 416 345
2005 335 350 376 494 569 696 695 66.6 612 521 414 341
2006 34.7 343 386 529 602 671 704 66.6 580 47.1 408 355
2007 349 344 398 479 621 687 674 658 605 534 409 358
2008 352 347 384 498 582 662 682 659 602 496 413 351
2009 336 345 373 487 594 652 637 62.8
Ave. 350 358 392 489 588 66.2 682 659 596 498 408 35.6
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Table 19.—South Branch Au Sable River at Chase Bridge. Average of DAILY MINIMUM water
temperatures (°F) by month and year; 1989-2009.

Month
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1989 585 61.3 57.8 524 446 365 323

1990 33.0 325 339 438 533 601 619 602 552 451 381 330
1991 326 33.3 349 484

1992 58.4 558 533

1993 59.7 642 616 532 447 370 341
1994 323 324 340 432 544 599 627 607 573 486 392 345
1995 334 329 36.0 427 533 618 625 650 538 475 347 329
1996 326 331 334 403 529 616 621 616 514

1997 37.3 3438
1998 334 351 58.8 60.1 587 546 481 398 359
1999 327 330 36.2 456 536 606 654 600 532 456 408 352
2000 352 365 39.7 440 56.2 53.0 480 392 337

2001 369 364 36,6 463 572 619 605 596 537 467 418 36.2
2002 334 332 333 444 513 609 629 583 545 458 399 36.7
2003 36.7 36.3 387 423 510 585 609 616 545 456 385 .
2004 60.7 57.2 552 478 396 334
2005 326 331 336 449 515 634 629 605 557 488 395 331
2006 334 325 353 484 548 613 0646 61.0 543 447 390 342
2007 335 326 36.3 438 56.7 632 604 59.7 550 50.1 391 344
2008 34.0 333 355 460 525 627 632 592 564 468 392 340
2009 327 328 342 446 548 605 584 581

Ave. 336 337 354 446 538 608 618 598 542 468 38.8 343

Table 20.—South Branch Au Sable River at Chase Bridge. Highest water temperature (°F)
recorded by month and year; 1989-2009.

Month
Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1989 725 747 732 66.7 556 46.2 36.0

1990 379 387 428 689 637 716 763 703 685 565 504 363
1991 36.3 374 610 624

1992 68.7 684 644

1993 676 756 711 62.2 554 428 379
1994 349 387 423 554 689 763 714 693 669 568 487 39.2
1995 37.2 388 457 522 673 766 777 729 671 585 455 356
1996 379 385 406 556 66.7 761 73.0 738 804

1997 469 37.9
1998 38.3 41.0 736 732 694 658 550 48.7 477
1999 36.7 381 50.7 604 662 718 770 703 68.0 534 504 434
2000 37.8 415 526 602 712 66.2 595 493 37.2

2001 39.7 397 442 613 66.7 752 757 754 66.6 59.0 487 47.1
2002 372 378 421 66.2 691 752 780 700 66.2 604 48.2 40.6
2003 39.6 40.1 46.2 538 599 752 727 727 650 565 476 .
2004 723 694 66,6 545 495 36.9
2005 355 372 453 607 656 739 727 727 665 656 495 358
2006 36.1 355 498 599 745 736 745 779 638 56.8 473 417
2007 40.0 378 526 607 694 742 727 715 662 63.0 459 381
2008 37.8 364 420 622 657 722 722 704 669 565 507 375
2009 341 38.1 437 571 675 753 684 687

Ave. 373 384 468 598 673 738 737 715 669 577 48.0 393
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Table 21.—South Branch Au Sable River at Smith Bridge. Mean monthly water temperature (°F)
by year; 1991-2009.

Month

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1991 625 615 60.6 54.3

1992 60.0 58.2 548

1993 60.4 651 625 537 46.0 385 352
1994

1995

1996 36.8 344
1997 328 33.8 385 35.9
1998 345 370 376 483 593 591 42.0 391

1999 370 374 399 471 564 615 640 60.1 545 470 427 387
2000 38.0 39.1 428 464 579 621 618 612 56.1 492 40.2 328
2001 342 339 375 476 582 635 632 651 586 515 478 419
2002 39.2 626 664 622 579 465 393 356
2003 343 348 392 445 533 608 637 639 563 468 399 342
2004 326 339 365 481 56.0 63.0 629 593 572 487 421 39.0
20056 38.0 36.6 377 453 478 620 637 620 573 496 410 339
2006 353 357 39.2 480 547 621 659 625 552 459 406 357
2007 342 332 383 455 586 651 630 622 572 513 399 347
2008 341 334 366 476 545 635 648 615 572 476 404 340
2009 330 341 365 462 563 616 608 60.6

Ave. 352 352 383 46.8 557 623 63.7 619 56.7 484 412 36.3

Table 22.—South Branch Au Sable River at Smith Bridge. Average of DAILY MAXIMUM
water temperatures (°F) by month and year; 1991-2009.

Month

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1991 654 645 63.8 57.0

1992 62.8 61.1 57.1

1993 63.3 688 657 557 478 397 36.1
1994

1995

1996 37.8 35.0
1997 33.3 350 394 36.8
1998 353 382 39.2 508 626 619 43.0 39.9

1999 374 383 417 493 604 647 672 629 570 488 442 393
2000 384 398 439 497 611 657 658 653 593 518 414 334
2001 349 352 401 500 614 674 679 688 619 534 491 428
2002 40.2 . . . . 66.3 710 66.7 617 484 406 36.6
20038 349 354 411 478 564 650 680 681 595 490 411 351
2004 329 352 379 505 582 660 663 624 605 501 429 394
2005 385 376 393 469 493 653 674 655 604 518 421 344
2006 36.0 364 406 497 576 658 695 659 576 473 416 364
2007 35.0 340 402 480 623 689 669 658 605 533 411 355
2008 348 343 388 499 583 664 685 656 599 496 416 347
2009 334 351 384 486 59.7 654 647 64.2

Ave. 358 36.2 40.1 492 588 657 676 655 598 504 424 370
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Table 23.—South Branch Au Sable River at Smith Bridge

water temperatures (°F) by month and year; 1991-2009.

. Average of DAILY MINIMUM

Month

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
1991 60.0 59.1 579 525

1992 56.4 54.2 51.8

1993 578 617 597 520 444 376 34.6
1994

1995

1996 35.7 337
1997 325 327 375 352
1998 337 36.0 36.0 46.0 56.1 56.1 41.0 385
1999 36.6 36.7 382 450 525 585 61.2 573 521 454 415 382
2000 37.7 386 420 434 549 586 582 579 533 470 392 324
2001 336 330 352 454 554 599 588 616 559 500 466 412
2002 384 . . . . 59.3 620 582 545 448 380 3438
2003 338 342 375 417 506 568 596 604 534 450 388 335
2004 323 329 352 461 541 601 595 564 543 474 413 38.6
2005 376 358 36.1 440 468 59.1 605 59.0 546 478 401 334
2006 34.7 351 382 466 522 585 623 592 529 445 397 351
2007 336 327 367 435 551 614 592 589 543 496 388 339
2008 336 328 346 456 513 610 613 576 546 458 392 333
2009 327 334 350 444 533 583 572 574

Ave. 347 345 368 447 529 59.0 600 585 54.0 46.7 401 357

Table 24.—South Branch Au Sable River at Smith Bridge. Highest water temperature (°F)
recorded by month and year; 1991-2009.
Month

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
1991 73.4 698 66.2 62.6

1992 67.1 67.3 64.0

1993 68.9 750 70.2 63.0 547 428 39.0
1994

1995

1996 458 374
1997 357 39.1 472 385
1998 408 419 483 575 69.6 67.9 49.0 47.9
1999 409 412 493 603 675 737 719 666 645 56.0 502 446
2000 40.6 423 484 594 698 725 716 70.1 681 59.1 490 375
2001 384 381 457 617 672 759 750 759 685 622 536 514
2002 43.3 753 775 711 678 63.7 489 419
2003 394 40.1 486 581 622 735 726 726 658 569 477 37.2
2004 37.8 410 437 579 666 734 723 682 649 53.6 488 407
2005 393 399 452 530 544 710 708 719 655 640 499 37.0
2006 37.8 381 476 546 701 725 749 76.8 637 555 472 424
2007 402 387 514 606 694 736 718 712 66.2 639 463 393
2008 390 365 438 627 656 724 715 694 668 56.8 507 381
2009 344 406 446 566 678 746 698 704

Ave. 390 398 470 584 664 730 727 713 66.2 59.2 49.0 414
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