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Evaporation Rates from the Water Surface during Cold Period
in Nakazato Reservoir, Mie Prefecture, JAPAN.
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Faculty of Bioresources, Mie University
*Government of Mie Prefecture

ABSTRUCT

Evaporation rates from the water surface in Nakazato Reservoir, Mie Prefecture, Japan, were de-
termined from meteorological parameters of water and air temperatures, air humidity and net radiation
in the center of the reservoir from October 1992 to March 1993.

Hourly evaporation rates calculated from 1-hour values of meteorological data using Heat Balance
Bowen Ratio Method showed sometimes unsteady values when the Bowen Ratio was about —1. No
values of daily evaporation rates calculated from daily mean data showed such as unsteady values.
Daily evaporation rates during 175 cold days varied from —1.27 mm/day to 8.46 mm/day and the aver-
age was 1.80 mm/day.

Heat balance analysis of water surface indicated hourly evaporation rates in the reservoir to be in-
fluenced strongly by hourly change in heat storage of water more than by net radiation. Long term
fluctuation in daily evaporation rates were influenced by change of net radiation rather than heat storage
of water. Thus, in Nakazato Reservoir, heat storage of water would appear to affect hourly evapora-
tion rates, and to a lesser extent monthly evaporation rates.
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Figure 1. Schematic of meteorological observation in

Nakazato Reservoir.
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Figure 2. Hourly evaporation rate from the water surface
in the reservoir from October 08, 1992 to
March 31, 1993, calculated from 1-hour values

of data using Bowen Ratio Method.
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Daily evaporation rate from the water surface
in the reservoir during the same term as figure
2. A (solid line): calculated from daily mean
values of l-hour data, and B (dotted line):
calculated from cumulating hourly evaporation
rates.
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Heat balance of the water surface in the reser-
voir for 1day, Dec. 05, 1992. The symbols
and the direction are the same as figure 4.
The y-axis shows the ratio to the maximum
value of net radiation.
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of heat storage in subsurface. The directions
are the same as figure 5.
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period from October 1992 to March 1993,
showing daily value as dotted line, and moving
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Appendix

Daily mean values of meteorological elements and calculated terms.

TA:
XA:

TW:
QN:
QG:
QH:

QE:
EV:
BO:

air temperature at height of 1.5 m above water surface,
air humidity ratio at height of 1.5 m above water surface.
water surface temperature

net radiation at water surface

change of heat storage in water body

sensible heat flux

latent heat flux

evaporation rate from water surface

bowen ratio
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226 HE OE—- 2% kR -mH E
Date TA XA TW QN QG QH QE EV BO
1992~1993() (°C) | 107%g/g) | (°C) (J/cm?-d) (/cm®-d) | (/em?-d) | (/em?d) | (mm/d)
Oct. 08 13.7 0. 836 18.2 —85.4 949.7 245. 8 618. 4 2.51 0.398
Oct. 09 16.4 0.891 17.9 1014.6 245.0 169.0 1090. 6 4.43 0.155
Oct. 10 16.9 0.833 17.7 1118.2 326.1 96. 1 1348.2 5.48 0.071
Oct. 11 16.7 0.927 17.6 457.5 422.9 83.2 797.1 3.24 0. 104
Oct. 12 17.7 1.128 17.8 431.1 —367.1 2.3 61.5 0.25 0.038
Oct. 13 18.5 1.163 18.0 593. 8 —661.9 12.0 ~80.1 —0.33 | —0.150
Oct. 14 18.0 1.228 18.0 87.3 9.8 -2.0 186.1 0.76 | —0.011
Oct. 15 18.2 1.081 18.0 615.0 —434.3 —7.4 188.1 0.77 | —0.040
Oct. 16 17.5 0.822 18.0 1028. 8 83.7 46.9 1065.5 4.33 0. 044
Oct. 17 17.5 0.833 18.1 957.2 —53.1 47.7 856. 2 3.48 0. 056
Oct. 18 17.9 0.927 18.5 1039.8 —300.8 38.6 700. 3 2.85 0. 055
Oct. 19 16.9 1.067 18.1 224.9 412.5 110.8 526. 4 2.14 0.211
Oct. 20 16.4 0.921 17.9 586. 8 299. 1 129.6 756.2 3.07 0.171
Oct. 21 16.5 0.823 17.7 860. 8 262.5 114.8 1008. 4 4.10 0.114
Oct. 22 15.1 0.741 17.7 831.4 281.6 190.3 922.6 3.75 0. 206
Oct. 23 16.7 0.907 17.4 391.4 343.6 59.7 675.3 2.74 0.088
Oct. 24 16.3 1.015 17.3 106.5 380.2 76.4 410.3 1.67 0.186
Oct. 25 14.4 0. 647 17.0 419.9 1076. 1 241.4 1254.6 5.09 0.192
Oct. 26 14.0 0.652 16.7 511.3 653. 1 198.3 966. 1 3.92 0. 205
Oct. 27 14.0 0. 661 16.5 646.6 293.9 160.0 780. 4 3.17 0.205
Oct. 28 14.1 0. 669 16.6 727.3 54.9 131.8 650. 4 2.64 0. 203
Oct. 29 14.6 0.916 16.3 144.9 382.8 121.9 405.7 1.65 0. 301
Oct. 30 14.5 0. 864 16.2 ~129.4 679.3 108.4 441.4 1.79 0. 246
Oct. 31 13.7 0. 686 15.9 274.2 421.2 117.9 577.4 2.34 0. 204
Nov. 01 11.3 0. 580 15.7 233.0 981.9 306. 8 908. 1 3.68 0.338
Nov. 02 9.7 0. 435 15.3 402.2 1004.6 367.1 1039.6 4.21 0. 353
Nov. 03 10.8 0. 630 15.1 449.9 195.3 184.3 460. 8 1.87 0. 400
Nov. 04 14.0 0.788 15.2 559. 8 —226.7 50.1 282.9 1.15 0.177
Nov. 05 14.3 0. 821 15.3 549. 8 —97.6 58.1 393.9 1.60 0.148
Nov. 06 15.0 0. 968 15.1 -10.2 296.5 10.3 276.0 1.12 0.037
Nov. 07 15.4 0. 805 15.0 92.8 634. 8 ~61.9 789.6 3.20 | —0.078
Nov. 08 14.3 0.748 15.0 527.5 —214.5 26.1 286. 8 1.16 0.091
Nov. 09 12.9 0. 865 14.7 —22.9 716.8 204.9 488.9 1.98 0.419
Nov. 10 13.4 0.638 14.6 433.4 256.3 78.6 611.2 2.48 0.129
Nov. 11 10.8 0.547 14.3 240.9 704.6 221.2 724.3 2.93 0. 305
Nov. 12 11.4 0.599 14.3 376.3 337.5 160.9 552.9 2.24 0.291
Nov. 13 11.2 0. 661 14.1 163.4 252.9 107.8 308.5 1.25 0. 350
Nov. 14 12.7 0.671 14.1 523.3 —140.4 57.0 325.8 1.32 0.175
Nov. 15 11.8 0. 646 14.1 272.5 435.1 147.2 560. 5 2.27 0.263
Nov. 16 11.5 0.596 13.7 147.7 838.9 189.1 797.5 3.23 0.237
Nov. 17 10.2 0.513 13.5 194.2 370.6 132.3 432.5 1.75 0. 306
Nov. 18 10.6 0.507 13.3 —64.2 770.9 138.8 567. 8 2.30 0. 245
Nov. 19 12.0 0. 649 13.3 525.2 —169.1 52.3 303.6 1.23 0.173
Nov. 20 12.9 0. 809 13.2 22.3 352.3 29.2 345.4 1.40 0. 085
Nov. 21 9.3 0. 479 12.9 353.6 1034.2 343.5 1044. 3 4.22 0. 329
Nov. 22 8.0 0.422 12.6 131.6 565. 9 196.8 500. 7 2.02 0. 393
Nov. 23 9.2 0.539 12.5 215.8 136.0 95.0 256. 8 1.04 0. 370
Nov. 24 10.0 0.597 12.4 349.3 313.0 163.0 499.3 2.02 0. 327
Nov. 25 11.4 0.594 12.4 343.2 5.2 41.1 307.3 1.24 0.134
Nov. 26 7.8 0. 447 12.0 185.5 1049.1 353.4 881.2 3.56 0.401
Nov. 27 4.6 0.337 11.6 175.2 899. 9 384.5 690. 6 2.78 0.557
Nov. 28 7.3 0. 460 11.4 —99.7 529.3 131.1 298. 4 1.20 0. 440
Nov. 29 11.5 0.563 11.3 263.5 117.7 —13.5 394.7 1.60 | —0.034
Nov. 30 11.3 0. 600 11.4 48.8 68.0 2.5 114.3 0. 46 0.022
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Date TA XA TW QN QG QH QE EV BO
11992~1993 )1 (°C) | (107%g/g) | (C) (/em?-d) || (/em®-d) | G/em®d) | J/em®d) | (mm/d) |
Dec. 01 11.9 0.790 11.3 50.1 69.7 —223.0 342.8 1.39 -0. 650
Dec. 02 9.8 0.513 11.1 —174.4 918.3 1111 632.7 2.56 0.176
Dec. 03 7.5 0. 376 10.8 81.6 652.3 175.0 558.8 2.25 0.313
Dec. 04 8.1 0. 435 10.5 271.3 481.3 164.1 588.5 2.37 0.279
Dec. 05 7.2 0.375 10. 4 101.0 308.7 99.3 310.3 1.256 0. 320
Dec. 06 8.4 0. 565 10.2 13.4 332.2 92.6 253.0 1.02 0. 366
Dec., 07 12.3 0.848 10.3 133.6 ~299.1 —90.0 —75.5 ~0.31 1.192
Dec. 08 13.9 0.815 10.6 695. 6 —1076.1 —~334.6 —45.9 —0.19 7.215
Dec. 09 11.1 0. 621 10.9 319.5 —~257.2 -3.1 G5. 4 0.26 -0.048
Dec. 10 9.5 0. 644 10.8 4.1 474.4 120.2 368.2 1.49 0.327
Dec. 11 7.0 0. 381 10.3 —20.8 1690.6 396.3 1173.6 4.73 0.338
Dec. 12 5.0 0.402 10.0 210.2 412.5 225.2 397.4 1.60 0. 567
Dec. 13 6.6 0.437 9.7 —380.6 594.7 61.7 162.3 0.61 0. 406
Dec, 14 5.5 0.318 9.4 —-137.2 1327.3 328.0 861.0 3.47 0.382
Dec. 15 2.7 0.371 9.0 295.1 623.5 396.3 522.3 2.10 0.759
Dec, 16 3.9 0.370 8.7 198.6 364.5 211.2 351.9 1.42 0. 600
Dec. 17 6.3 0. 387 8.6 146.9 244. 1 9.0 300.0 1,21 0.303
Dec. 18 4.8 0.390 8.4 109.5 559.8 223.1 446.2 1.80 0.500
Dec. 19 4.7 0. 353 8.3 143.6 222.3 112.6 253.2 1.02 0.445
Dec. 20 5.3 0. 448 8.1 —29.0 302.6 93.8 179.7 0.72 0.522
Dec. 21 9.4 0.549 8.4 505. 8 —532.8 12.6 —39.6 —0.16 ~0.318
Dec. 22 8.9 0. 537 8.3 366. 5 -8.5 —-80.2 437.1 1.76 0. 184
Dec. 23 5.7 0.377 8.1 -161.2 1180.8 259.0 760.5 3.06 0.341
Dec. 24 1.6 0. 268 7.5 96.8 1397.9 614.5 880.2 3.54 0.698
Dec. 25 1.8 0.350 7.2 67.5 465.6 235.9 297.2 1.19 0. 794
Dec, 26 5.3 0.413 7.2 120.7 107.2 59.8 168.2 0.68 0. 356
Dec. 27 7.0 0. 457 7.2 284.1 -216.2 3.1 64.6 0.26 0.049
Dec. 28 8.3 0. 623 7.3 161.¢ —415.9 —382.8 127.8 0.52 —2.995
Dec. 29 8.3 0. 498 7.3 217.4 247.6 -190.7 655. 1 2.64 ~0. 290
Dec. 30 6.4 0.423 7.2 314.4 156.1 69.6 400. 8 1.61 0.174
Dec. 31 57 0.386 7.1 276.4 376.7 125.4 527.7 2.12 0.238
Jan. 01 4.8 0.323 7.0 85.2 188.3 62.8 210.7 0.85 0. 298
Jan, 02 5.1 0. 439 7.0 74.8 335.7 125.2 285.2 1.16 0.439
Jan. 03 7.8 0.477 7.0 354.3 —-462.2 29.5 —~137.4 —(.55 ~0.215
Jan. 04 7.0 0.393 7.0 148.2 314.8 2.5 460. 4 1.85 0. 006
Jan. 05 4.5 0.311 6.8 59.3 495.3 132.0 422.5 1.70 0.312
Jan. 06 4.4 0.293 6.7 136.2 270.3 92.5 314.0 1.26 0.295
Jan. 07 7.3 0.593 6.7 172.6 -151.7 68.5 -47.6 —0.19 ~1.438
Jan, 08 G.8 0.375 6.6 153.7 386.3 -22.3 562.3 2.26 ~0.040
Jan. 09 4.8 0. 299 6.5 —~53.8 252.0 37.1 161.1 0.65 0.230
Jan, 10 7.0 0. 550 6.5 296.7 —~79.3 -129.0 346.3 1.39 ~0.372
Jan. 11 6.5 0. 403 6.4 —125.4 181.3 -0.3 56.3 0.23 ~-0.006
Jan, 12 5.3 0.324 6.4 66. 4 17.4 12.4 71.4 0.29 0.174
Jan. 13 5.6 0.410 6.3 -73.9 314.8 33.5 207.3 0.83 0.162
Jan. 14 6.3 0.517 6.3 49.9 21.8 -2.2 73.9 0.30 ~0.030
Jan. 15 7.6 0.593 6.3 16.3 -112.5 —94.3 ~1.8 -0.01 51.592
Jan. 16 7.8 0.521 6.3 —38.5 143.0 —720.0 824.5 3.32 ~(.873
Jan, 17 4.1 0. 356 6.2 33.1 272.0 81.1 224.0 0.90 0. 362
Jan. 18 3.7 0.338 6.2 170.5 149.1 93.7 225.8 0.91 0.415
Jan. 19 2.7 0.298 G.0 10L.9 323.5 137.7 287.7 1.16 0.479
Jan, 20 2.8 0. 298 6.0 466. 4 193.6 205.5 454.4 1.83 0. 452
Jan. 21 2.2 0.320 5.9 455.6 65. 4 194.4 326.5 1.31 0.596
Jan, 22 3.0 0.275 5.8 243.4 231.9 134.1 341.2 1.37 0.393
Jan. 23 4,2 0.321 2.9 349.5 —299.1 10.8 39.5 0.16 0.274
Jan. 24 5.7 0. 443 5.9 370.1 32.2 29.1 373.2 1.50 0.078
Jan, 25 6.9 0.480 5.9 273.0 230.2 —-389.9 893.2 3. 59 -0.437
Jan, 26 6.7 0. 385 5.9 495.6 ~198.8 ~05.7 362.4 1.46 ~{. 181
Jan, 27 4.8 0. 364 6.0 358.9 ~135.1 40.7 182.9 0.74 0.223
Jan, 28 0.2 0.307 5.6 =170.4 1782.5 787.1 924.9 3.71 0.851
Jan. 29 1.5 0.348 5.1 358.4 553.7 390. 1 521.9 2.09 0.748
Jan. 30 4.0 0.340 5.0 361.4 34.0 70.5 324.9 1.31 0.217
Jan. 31 6.1 0.336 5.1 520. 1 —~317.4 —46.6 248.3 1.00 —0.187
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Date TA XA ™ QN QG QH QE EV BO

1992~199311 CC) | (1072 g/g) | (CO) {/cm?-d) /cm?<d) | @/em®d) | (/e d) | (mm/d)
Feb. 01 2.6 0. 341 5.0 451. 8 497.0 318.8 630.0 2.53 0. 506
Feb, 02 0.7 0. 295 4.9 374.6 368.8 308. 2 435.3 1.75 0.708
Feb. 03 3.0 0. 326 4.9 632.2 ~169. 1 125.5 337.5 1.35 0.372
Feb. 04 5.9 0. 406 4.9 451.1 -28.7 —208.0 630.3 2.53 -(0.330
Feb. 05 4.2 0. 353 5.1 553.1 —241.5 49.3 262.2 1.05 0.188
Feb, 06 6.4 0.410 5.4 707.8 -913.9 83.6 -289. 8 -1.17 ~0.289
Feb. 07 8.3 0.511 5.4 234.6 223.2 735.4 -277.5 ~1.12 —2.650
Feb, 08 1.6 0.330 5.1 265.8 702.9 389. 1 579.5 2.33 0.671
Feb. 09 2.3 0.339 5.0 395.2 1.7 141.2 255.7 1.03 0. 552
Feb. 10 3.3 0.358 5.0 614.9 —~121.2 134.6 358.9 1.44 0.375
Feb. 11 4.3 0. 354 5.3 547. 4 —390.6 26.0 130.6 0.52 0.199
Feb. 12 4.1 0. 365 5.2 622. 4 150.0 145.0 627.3 2.52 0.231
Feb. 13 5.4 0.363 5.3 824. 4 -351.4 -8.0 480.9 1.93 -0.017
Feb. 14 3.1 0. 304 5.1 223.8 491.8 180.5 535.1 2.15 0.337
Feb. 15 4.1 0. 335 5.2 759.4 —466.5 51.0 241.8 0.97 0.211
Feb. 16 7.1 0.419 5.4 400.7 ~443.0 39.9 —82.2 -0.33 —0.486
Feb. 17 9.4 0. 606 55 314.8 —194.4 93.1 27.1 0.11 3.430
Feb, 18 6.1 0.425 5.5 376.8 151.7 ~136.7 665.3 2.68 -0.206
Feb. 19 4.5 0.315 5.5 464.6 —-41.8 59. 4 363.3 1.46 0.164
Feb. 20 4.9 0. 290 5.5 916.0 —330.5 49.2 536.2 2.16 0.092
Feb. 21 5.0 0.476 5.5 ~59.3 105.5 9.7 36.5 0.15 0. 266
Feb. 22 9.1 0.612 5.7 426.7 -513.6 ~65.4 -21.5 -0.09 3,041
Feb, 23 2.6 0.316 5.6 842.9 797.9 544.9 1096. 0 4.40 0.497
Feb, 24 1.2 0. 328 5.4 728.9 363.6 466. 1 626. 4 2.51 0.744
Feb. 25 2.1 0.307 5.3 790.2 3.4 275.7 517.9 2.08 0.533
Feb, 26 3.5 0.319 5.4 931.8 ~661.0 68.1 202.6 0.81 0. 336
Feb, 27 4.7 0. 352 5.8 755.1 —-415.1 60.3 279.6 1.12 0.216
Feb. 28 6.2 0. 467 59 801.0 —-572.9 -32.2 260.2 1.05 ~0.124
Mar. 01 3.9 0. 304 5.8 599.5 505. 8 253.1 852. 1 3.42 0.297
Mar. 02 1.3 0.310 5.5 333.7 §22.6 509.0 747.3 3.00 0.681
Mar. 03 3.1 0.341 55 718.5 ~307.8 126.7 283.9 1.14 0. 446
Mar, 04 5.3 0.363 5.7 855. 4 ~626.1 17.0 212.1 0.85 0.081
Mar. 05 6.3 0. 366 6.2 945. 4 —814.5 -2.1 132.9 0.53 —0.016
Mar. 06 8.4 0. 449 6.4 1028.7 ~-1181.6 189.3 —342.3 -1.38 —0.553
Mar, 07 7.3 0. 526 6.6 —61.6 551.1 —222.8 712.3 2,87 —0.313
Mar, 08 4.4 0. 329 6.1 978.4 714.2 357.2 1335.4 5.37 0. 268
Mar, 09 5.4 0.322 6.2 1107.9 —-872.9 25.2 209.6 0.84 0.121
Mar. 10 5.4 0. 354 6.4 927.2 ~276.4 96.9 553.7 2.23 0.175
Mar. 11 6.2 0.333 6.6 1006.0 -492.7 31.5 481.7 1.94 0. 065
Mar, 12 6.5 0. 267 6.8 812.5 -20.8 24.5 767.0 3.09 0.032
Mar. 13 4.4 0.238 6.5 958. 2 533.7 286.8 1205.0 4.84 0.238
Mar. 14 6.3 0. 266 6.5 1193.5 —470.0 24.9 698.5 2.81 0.036
Mar. 15 3.8 0. 367 6.4 -102.5 831.9 231.9 497.5 2.00 0. 466
Mar. 16 2.8 0. 269 6.2 466. 9 437.7 273.0 631.6 2.54 0.432
Mar, 17 2.8 0.250 6.3 1123.1 ~479.6 188.2 455. 1 1.83 0.414
Mar. 18 5.6 0.287 6.6 1200.3 —1022.9 19.4 157.9 0.64 0.123
Mar. 19 5.0 0.281 6.6 780.1 284.3 184.2 880.2 3.54 0. 209
Mar, 20 4.4 0.319 6.7 794.9 -305.2 119.3 370.2 1.49 0.322
Mar. 21 5.6 0.293 7.0 1205.7 —-1192.1 1.9 11.5 0.05 0.171
Mar, 22 8.1 0.293 7.5 1222.7 —~1152.0 -6.0 76.6 0.31 -0.078
Mar. 23 10.3 0.370 8.1 1360.9 —969.7 -162.7 553.8 2.23 —0.294
Mar. 24 10.4 0.675 8.4 227.0 ~407.2 —202.6 22.4 0.09 ~9.040
Mar. 25 10.3 0.521 8.3 1335.2 -635.7 —694.5 1393.9 5.62 -0. 498
Mar. 26 11.0 0. 502 9.0 717.1 ~593.0 —83.5 207.6 0. 84 —0.403
Mar, 27 11.1 0. 491 9.1 1301.3 ~1504. 3 111.3 —-314.3 -1.27 0. 354
Mar. 28 8.7 0.587 9.3 157.2 -60. 1 14.8 82.2 0.33 0. 180
Mar. 29 3.8 0.342 8.7 732.1 2540.3 1168.7 2103.7 8.46 0. 556
Mar, 30 5.9 0.289 8.6 1266.0 -709.0 120.1 436.9 1.76 0.275
Mar, 31 9.1 0.574 8.9 396.9 —~332.2 -5.9 70.5 0.28 —(. 084

Total 71476 24404 17834 78046 315

Average 8.1 0. 507 9.5 408 139 102 446 1.80 0.470

Average of

Total Period 0.229






