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Modeling of the daily transpiration variaton in locust forest by
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Abstract : [t is necessary to study on the real transpiration of forests in growth seasons. to solve the
problems of adjusting forest density, improving water use efficiency and maintaining {orest stability of the
shelter forest in semiarid area. The experimental site in this study locates at Runoff Forestry Experimental
Station of Beijing Forestry University in Fangshan , Shanxi (north latitude 37°36’58", east longitude

110°02'55"). It has an average altitude of 1,200 m, average precipitation of 416 mm and average potential
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evapotranspiration of 1857. 7 mm. The experimental materials. the black locust (Robinia pesudoacacia L. )
forests were planted in spring of 1986, with six different densities from 830 to 3330 tree/hm® and the
canopy closure degree of 0. 85~0. 9. The principle ideas of the study were as follows. If omitting the
atmospheric thermal stratification . correcting air pressure, replacing the canopy layer stomatic resistance
7. with the canopy integral stomatic resistance r., and limiting the net radiation R, with the canopy
intercepted net radiation R, in Penman-Monteith equation, the forestry transpiration in growth season
could be calculated continuously with the measured stomatic resistance data and general weather data. In
this study the monthly canopy radiation extinction coefficiency % was firstly calculated with the monthly
data of R, and leaf area index LAI. The daily variational model of R,; was then derived on the basis of R,,,
k and LAI. According to the practical transpiration measured in typical day of each month and the unit
surface leaf stomatal resistance r, in the middle part of the canopy measured with [.I-1600 Steady
Porometer, K', the empirical coefficient to calculated r,r together with LLAI and r, was determined. When
comparing with the typical measured data, the average relative error of this modeled was found to be less
than 12%. Finally the total average transpiration of the Black Locust forests in growth seasons (May to
October ) during the period of 1998 to 2000 , as an average transpiration of the different density stands.
was simulated as 192, 46 mm, 187. 07 mm and 195. 59 mm respectively,

Key words: black locust; transpiration; net radiation; leaf area index; extinction coefficient; stomatic
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Table 1 The daily change of Albedo o in locust forest, in each month of growing season

A # &7 75 &2 R¥ 7 F{g H 8 E B %X¥ R
Month Regression equation R squared F df Sig. Std. error
D a=0, 0017¢2—0. 03712+ 0. 3508 0. 8313 218. 87 90 0. 00 0. 0667
6 a==0.0011:2—0. 0247¢+ 0. 2808 0. 6885 42. 00 38 0. 00 0. 0713
7 a=10.0008:2—0. 0160¢+ 0. 2243 0. 5378 36. 65 63 0. 00 0. D826
8 a=0. 0014+ —0. 0303++ 0. 3079 0. 4399 25. 46 65 0. Q0 0. 0897
G a=0.0028:*— 0. 0630¢+ 0. 5102 0. 6475 105. 04 110 0. 00 0. 0693
10 a="0. 00272 —0. 0585¢+0. 4508 0. 5365 15. 04 26 0. 00 0. 0834
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Table 2 The monthly change of average LAJ of each testing stands from 1998 to 1999

Bt fa] Time 5 B May 6 A June 7 B July 8 A August 9 H September 10 A October
1998 0. 7368 1. 0989 1.39871 2. 0352 2. 7546 2. 6539
1999 0. 7493 0. 8183 1. 0928 2. 0209 2. 4117 2.2789
2000 0. 8465 1. 2553 1. 8734 2. 1704 2. 4505 2.2718
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Table 4 The parameters input and precision of modeling result

H mH BffE] Time (O'clock) H LAI
Date Item 7:10 8:.00 10.00 12:;00 14.:00 16;00 18;30 19:;50 (m)
A R, (W/m?) 9.02 46.73 272.50 221.16 328.14 310.08 15.08 —7.06
1998-05-24 1.(C) 8.13 12.04 20.52 26.52 21.96 22.72 18.56  14.40
e.(hPa) 6.4 3.24 4. 19 6. 25 5. 98 7. 05 4. 84 7. 00
u{m/s) 1. 27 0.79 1. 03 1. 35 1. 59 1. 03 0. 48 0.79 0.5 0.724
re(s/cm) 14.9735 7.8793 2.6643 3.9461 2.3584 2.4517 15.4503 28.0923

HEAED (mm/h) 0.0060 0.0274 0.1449 0.1366 0.1661 0.1611 ©.0208 0. 0064
T MED (mm/h) 0.0060 0.0266 0.1431 0.1486 0.1725 0.1632 0.0137 0. 0064
M RED(Y) 0.00 2,94 1.22 —8.83 —3.90 —1.29 34.51  0.18

Bff@ Time (O’clock) H

7:15 8.:00 1000 12.00 14,00 16.00 18:;30 19:15 {m) Lai
B R,(W/m?) — 66,10 140.80 234.88 263.00 253.19 238.13 154.85 —51.27
1998-06-28 T.(C) 20.60 23.82 33.37 37.90 3881 37.13 34.02 29.40
e. (hPa) 11. 14 12.48 12.43 12. 83 12. 64 12. 61 8. 08 6. 33
u{m/s) 2. 86 2.38 2. 62 2. 86 3.18 2. 38 1. 59 0.79 0.8 L 21
ru{s/cm) 54. 1758 6.3296 7.0533 8.5352 90.2940 B.3268 11.5479% 28.0970
A (mm/hy 0.0071 0.0783 0.1557 0.1730 0.1688 0.1693 0.1089 0.0347
SMM{E(mm/h) 0.0211 0.0772 0.1472 0.1826 0.1760 0.1763 0.1143 0.0377
HMITRE(Y) —198.62 1. 48 5.44 —5.57 —4.25 —4.11 —4.92 —8.62
Bf i8] Time (O’clock) H LAT
7:00 9,00 11,00 13:00 15:00 17:00 19.:00 (m)
C R,(W/m?) —0. 03 78.80 107.43 156.53 155.52  326. 47 128. 21
1999-08-03 T.(C) 22. 20 24. 97 25. 35 30. 82 34. 40 36. 93 29. 98
¢a(hPa) 12. 40 12. 60 13. 03 12. 57 17. 4% 14. 39 14, 97
u(m/s) 4. 30 4.70 4.30 1,70 1. 70 2. 00 6.30 .,
r+(s/cm) 30. 9974  9.9697 7.4267 7.7465 9.6318 4.7836 7.7800

H¥{ (mm/h) 0.0108 0.0441 0.0600 0.0932 ©0.0859 0.2230 0. 080]
2 (mm/h)  0.0000 0.0432 0.0668 0.1080 0.1076 0.2416  0.0942
AXFRE ) 59. 90 1.96 —11.45 —15.81 —25.28 —8.33 —17.69

(DCalculated data, @)Measured data, @ Relative errot
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Fig. 2 The variation of daily transpiraton in locust forest plots within growing season of 1998
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