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Abstract

Spatial distribution and variation of throughfall affect runoff processes and paths. In addition,
measuring and calculating errors of throughfall and estimating bias of surface runoff were also caused
by spatial variation of throughfall. Throughfall plots in a natural hardwood forest, betel palm
plantation and open area in central Taiwan were established in this study. Each plot contained 81
simple throughfall gages with an orifice diameter of 11.8 cm to measure spatial distribution of
throughfall. The average coefficients of variation of throughfall in a betel palm plantation, natural
hardwood forest and open area before typhoon disturbance period were 0.75, 0.23 and 0.006,
respectively. The average coefficients of variation of throughfall in a betel palm plantation, natural
hardwood forest and open area after typhoon disturbance period were 0.81, 0.25 and 0.015,
respectively. Spatial distributions of throughfall for both betel palm plantation and natural hardwood
forest were rather uneven during pre- and post-typhoon disturbance periods. But the spatial
distribution of throughfall was more uneven in the betel palm plantation than in the natural hardwood
forest. There were no clear relationships between spatial distribution of throughfall and canopy
density of tree for both betel palm plantation and natural hardwood forest during pre- and post-
typhoon disturbance periods. The spatial distribution of rainfall of open area was rather even.
Standard errors of throughfall in the betel palm plantation and natural hardwood forest showed
proportional effects with their means. The proportional effect of betel palm plantation was larger than
that of natural hardwood forest. It was very difficult to measure throughfall accurately due to larger
proportional effect of betel palm plantation. The means of spatial distribution of throughfall in the
betel palm plantation and natural hardwood forest could be estimated from rainfall in the open area
using regression equations. Although the effect of typhoon disturbance could change canopy density
and distribution of betel palm plantation and natural hardwood forest, their average throughfall
amount couldn't be affected. Based on average of throughfall for gages with an orifice diameter of
11.8 cm during pre- and post-typhoon periods, throughfall amounts in the natural hardwood forest
and betel palm plantation were 91.5% and 54.5%, respectively, and those for rainfall less than 100
mm were 84.4% and 52.7%, respectively, and those for rainfall greater than 100 mm were 92.8% and
54.9%, respectively, of the amount falling on the open area.

(Keywords: throughfall, betel palm, natural hardwood forest, typhoon disturbance)
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1

Table 1. Coefficients of variation in throughfall for a natural hardwood forest, betel palm plantation

and open area during pre- and post-typhoon periods.

0.23 (0.180.32) 0.75 (0501.63) 0.006 (0.001-0.027)
<100mm 025 (0.18032) 093(0.66-163) 0.01 (0.005-0.022)
>100mm 023 (0.19-031) 072 (050-1.02) 0.005 (0.001-0.027)

0.25 (0.20-040) 0.81 (048-2.31) 0.015 (0.002-0.113)
< 100mm 028 (0.23-040) 116 (0.84-231) 0.034 (0.005-0.113)
>100mm 025 (0.20:0.32) 0.75 (048-1.00) 0.012(0.002-0.028)

0.48-2.31 0.81
1 0.002-0.113
29 0.015 31
26.7mm-244.2mm 11 100mm
0.18-0.32 9.07mm-92.89mm
0.23 0.23-0.40
0.50-1.63 0.75 0.28
0.001-0.027 0.84-2.31 116
0.006 29 0.005-0.113
10 100mm 0.034 20
26.7mm-94.3mm 100mm 104.9mm-239mm
0.18-0.32
0.25 0.20-0.32 0.25
0.66-1.63 093 0.48-1.00
0.005-0.022 0.75
0.01 19 0.002-0.028
100mm 104.3mm-244.2mm 0.012
0.19-0.31
0.23
0.50-1.02 0.72-1.16
0.72 0.23-0.28
0.001-0.027 0.005 0.005-0.034
31
9.07mm-239mm 31-4.2
0.20-0.40
0.25
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Figure 1. Spatial distribution for 64.7 mm of throughfall in a natura
hardwood forest. (Feb. 9, 1998, pre-typhoon period)
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Figure 2. Spatial distribution of canopy density in anatural hardwood forest.
(pre-typhoon period)
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( 76.1mm Oct. 4, 2000)
Figure 3. Spatial distribution for 76.1 mm of throughfall in a natura
hardwood forest. (Oct. 4, 2000, post-typhoon period)
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Figure 4. Spatial distribution of canopy density in natural hardwood forest.
(post-typhoon period)
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( 45.6mm  Oct. 4, 2000)
Figure 7. Spatial distribution for 45.6 mm of throughfall in a betel palm
plantation. (Oct. 4, 2000, post-typhoon period)
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Figure 8. Spatial distribution of canopy density in betel palm plantation.
(post-typhoon period)
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Figure 9. Spatial distribution for 74.86 mm of rainfall in an open area
(Feb. 9, 1998, pre-typhoon period)
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Table 2. Regression equations of standard error on the means for throughfall of a natural
hardwood forest, betel palm plantation, and open area during pre- and post-typhoon

periods.
r2 n
(mm) (mm)
26.7-244.2 1SE,=0199R,+326 093 29
26.7-94.3 2.9, =0257R,—045 083 10
10432442  3.SE,=0159R,+955 084 19
9.1-239 4.SE;=0219P, +350 09% 31
9.1-929 5.SE,=0235Rh—204 093 11
104.9-239 6.55,=0193R,+756 083 20
26.7-244.2 7.58,=0577R,+1092 08 29
26.7-943 8.98,=06%6R,+604 072 10
10432442  9.SR,=0457R,+2193 057 19
91-239 10.SEy, =0566R,+1541 084 31
9.1-929 11. SB,=0792R,+99% 079 1
104.9-239 12.SE, =0543R,+1688 073 20
26.7-244.2 13.SE,=0002P,+0494 0022 29
26.7-94.3 14. SE, =-0002P,- 0632 0114 10
10432442  15.SE, =00005P,+06832 0.0007 19
9.1-239 16.SE,=0007P,+1014 006 31
9.1-929 17. SR, = 0.025P,- 0428 0.1 1
104.9-239 18.SE, =0012P, + 0.015 0167 20
(mm)
(mm) Poa San (13)' ( 18)
(mm) (mm) r? 0.0007-0.167
(1)-(6) r? 0.80
(7)-(12) r? 0.70
4.
(proportional
effect)
3
3 D-(12) Pyp P



(mm) (D-(12)

2 0.83 r?
0.93
05-0.6
0.90
4 11.8cm
3.

92.1%
54.9%
100mm
84.7%
50.6% 100mm
93.4%
55.7%
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51%
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100mm

Table 3. Regression equationsfor throughfall means of a natural hardwood forest and
betel palm plantation on the open area during pre- and post-typhoon periods.

(mm) (mm)
26.7-244.2 1 Rn=0987Ry-194 0.98 29
26.7-94.3 2. Bhn=0.918Py- 361 097 10
10432442 3 Ry=1011R,- 117 097 19
9.1-239 4. P =0.963R,- 623 0.99 31
9.1-929 5. Bh=0.966R,- 6.03 099 11
104.9-239 6. Pih = 0.965P, - 653 0.99 20
26.7-244.2 7. Ry =0566R, + 1.94 098 29
26.7-94.3 8. Ry =0559R,- 273 093 10
104.3-2442 9.B,=0533R, + 35 04 19
9.1-239 10.R,=0543R,- 012 093 31
9.1-929 11.R,=0568P,+ 105 085 11
104.9-239 12 R,=0546R, + 071 0.83 20
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4.

Table 4. Throughfall of anatural hardwood forest and betel palm plantation during pre-

and post-typhoon periods.

,mm (% of )
(mm)
1074mm (92.1%)  64.02mm (54.9%)  1166mm
<100mm  4308mm (84.7%) 25.73mm (50.6%)  50.89mm
>100mm  141.3mm (934%) 84.17mm (55.7%)  512mm
1054mm (90.9%) 62 .87mm (54.2%) 1159mm
<100mm  4214mm (840%) 27.42mm (54.7%)  50.14mm
>100mm 1402mm (92.2%) 82.37mm (54.1%) 152.1mm
92.2%
.1% 4.1% 100mm
8.2%
0.6%
50.6%-55.7%
92.1% 84.0%-93.4%
90.9% 1.3% Helvey and Patric (1965)  Rogerson and
54.9% Byrnes (1968)
54.2% 0.7% 0%  (1966)
8% Lin et a. (1997)
79.7%-100%
100mm
84.7% 50.6%-55.7% (1995)
84.0% 2.4-34nf
0.7% 50% (1999)
50.6% 4
54.7% 4.1% 100mm 3A.7%
(1995)
93.4%
92.2% 12%
55.7%
54.1% 16% (1997) 5
100mm 34.4%-82.9% (1995)
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