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ABSTRACT

Keywords: flow discharge estimation, human impacts, stream temperature reduce

Flow discharge records, water quality and stream temperature in Wu-Ling area
are three main topics in this project. For discharge part, a distributed discharge
simulation model has been well established and verified although it is found that
uncertainty exists while using rating curve (water level- flow discharge relationship)
to estimate flow discharge, particularly seriously for high-flow events. Besides water
level monitoring, flow velocity measurement in the high-flow events would
supplement discharge estimation. For water quality, it is surprising that inactive
vegetative farms still have as many as 8-fold NO3 yield (kg/ha/yr) in the orchard farm
although NO3 vyield in the inactive farms have reduced half compared to current
active vegetative farms. Past fertilization might results in residual fertilizer remaining
in the soil, and might still be gradually leached to the river after farming activities are
ceased. For stream temperature, because riparian vegetation is an efficient way to
prevent the river from being exposed to solar radiation, several virtual planting
strategies along ChiChiaWan Creek had been evaluated in terms of reduction of
highest daily stream temperature. Results showed upstream planting has the best
performance rather than east-side, west-side, and downstream planting. Besides,

vegetative shading angles should be more than 50°.
This project comes to the immediate and long-term strategies.
For immediate strategies: install flow velocity measurement instrument

Flow velocity monitoring is suggested. Flow discharge estimation can be hence

significantly improved.

For long-term strategies: Long-term water quality and stream temperature

monitoring is suggested.

Past fertilization might results in residual fertilizer remaining in the soil, and

3



might still be gradually leached to the river after farming activities are ceased. The
understanding of the recovery in the inactive vegetative farms would benefit the
watershed management. Stream temperature is one of the critical factors affecting
Taiwan Landlocked Salmon hence it is essential to keep monitoring to notice the

changes of stream temperature.
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#%.2 1% 3-layer TOPMODEL femw F %9 ~ = FAE~ 5 25 2P b cnfff & g e %

R ? & - ﬁ‘? }1 PR
EC (%)* EQ\Z/ EC (%) EQV (%) EC(%) EQV (%)
%
1990 76.2 +(10).1 84.1 -5.3 — —
1991 70.0 2.2 67.2 -10.0 — —
1992 69.0 -18.6 82.2 2.1 — —
1993 89.5 +10.7 88.7 +15.2 — —
1994 71.0 +20.0 66.8 13.9 — —
1995 86.3 -6.8 84.5 +5.8 — —
1996 89.3 +3.7 92.9 -1.9 30.9* -33.0*
1997 81.2 -4.2 81.0 -6.0 53.2 -11.6
1998 82.6 -6.4 77.8 -10.2 73.6 +2.0
1999 70.7* -10.6* 68.9* +1.9% 54.1* +60.5*
2000 85.0 -17.9 88.1 -5.6 87.6 +1.0
2001 89.8 +4.5 94.2 +2.4 60.0 -5.6
2002 92.8 -9.2 78.3 -17.3 84.3 -2.6
2003 — — 432%*  490.1**  29.4**  _356**
2004 — — 88.6 -21.6 81.2 +23.8
average 81.9 [9.5| 82.9 9.0] 73.3 7.8

1. EC (%) x5 ilic * KA TRPIESEHREDNAE s EZ 1.0 £
TRE-R;00ATFEREPITIEE- Ko m%@oog\,-‘,—‘wi%—m—gg\; o
2EQV(%) 5 i B4 0 T A 5 (R E-RBILE ) *100/EB] 5 £

*1996 & 2 1999 # ¢hp jR§ FAlA B F HAE AL RN F AL A K T RS S
o~ BRI

**2003 & 5 1T #& Rengg & £ 0 F P2

1f“1ﬂ

W ATHE S T AT R ehge R o

32



#.3 2006.12 * 3] 2009.10 * HE R AR A2 i@ o AR pPEIpE T ERZ TOBHEERL > FEELM R SR ARKP o

BEE\-R R IE P pH Cond. (uS) Temp. C DOC(uM) F(ppm) Cl(ppm)

CO 8.21+0.24(31) [229.03+32.24(31) |14.87%3.47(31) |62.92+38.04(257) |0.1+0.03(272) |0.84+0.28(272)
C1 8.21+0.34(32) |224.3+94.94(31)  |14.57+3.25(32) |59.4+38.95(236) |0.09+0.03(269) |0.75+0.21(269)
C2 7.95:0.38(32) [212.58+72.36(32) |14.81%3.21(32) |88.84%56.36(27) |0.11+0.04(31) |0.59+0.17(32)
C3 7.99+0.35(32) |[211.1492.97(32) |13.43%2.96(32) |87.22%55.89(28) |0.1+0.04(32)  |0.4620.2(32)

C4 8.01+0.31(32) [215.98+82.63(32) |13.39+2.51(32) |87.58+63.83(28) |0.11+0.05(32) |0.89+0.65(32)
C5 7.610.3(32) |[215.6259.53(32)  |13.31%2.24(32) |64.93+26(28) 0.06£0.01(32) |10.21%2.96(32)
C6 7.87+0.29(32) [207.368.3(32) 12.74+2.34(32) |80.42+49.99(28) |0.09+0.04(32) |0.43+0.21(32)
C7 7.92+0.28(31) |168.46259.08(31) |11.3+3.08(30) |70.0536.07(63) |0.08+0.04(66) |0.22+0.24(67)
Y1 8.62+0.44(32) |252+33.55(32) 16.34+3.97(32) |81.38452.57(235) |0.1+0.03(271) |1.41+0.61(271)
Y2 8.3+0.41(32) |426.56+142.23(32) |13.52+3.46(32) |188.23+153.4(28) |0.16+0.04(31) |1.62+0.56(31)
Y3 8.24+0.32(32) [236.96271.59(32) |15.26+2.81(32) |116.92+74.68(27) |0.13+0.04(31) |1.21+0.51(31)
Y4 8.25+0.29(32) [305.69+46.31(32) |12.96+3.31(32) |178.92+143.16(26) |0.14+0.05(31) |0.57+0.37(31)
Y5 8.41+0.28(32) [373.59+53.43(32) |13.49+3.33(32) |188.42+169.34(28) |0.14+0.03(32) |0.74+0.24(32)
Y6 8+0.35(32)  |197.44+51.96(32) |12.99+2.68(32) |110.5%75.34(26) |0.12+0.05(31) |0.39+0.18(31)
Y7 7.59+0.29(31) |163.9+12.8(31) 13.0622.53(31) |76.93+38.49(26) |0.09+0.04(31) |0.64+0.29(31)
Y8 7.06£0.09(2) |164.1£42.57(2) 00(0) 29.01210.28(2)  |0.04+0.01(2)  |0.19+0.07(2)

K1 7.94+0.34(32) [192.05+60.17(32) |12.62+3.44(32) |56.38+32.68(259) |0.08+0.02(273) |0.21+0.19(273)
s1 8.14+0.32(32) [223.38+32.41(32) |14.62+3.07(32) |92.27+64.54(27) |0.12+0.05(32) |0.26+0.15(32)
S2 8.09+0.38(32) [221.24+35.05(32) |14.47%3.02(32) |92.16£72.01(28) |0.11+0.04(32) |0.2+0.15(32)

S3 8.13+0.33(32) |222.3731.75(32) |14.28+2.9(32) |82.16£60.93(27) |0.10.03(31)  |0.16+0.06(31)
T1 8.00+0.34(30) |245.10+82.48(30) |12.49+2.16(29) |94.34%74.13(28) |0.12+0.04(31) |0.27+0.41(31)
T2 8.01+0(1) 119.3+0(1) 00(0) 37.284.18(2) 0.07+0(2) 0.17+0.04(2)
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% .3 (%)

REE\-R R IE P NO2(ppm) NO3(ppm) NH4(ppm) PO4(uM) Na(ppm) Mg(ppm)
co 0.02+0.02(123) [3.19+1.81(272) 0.01+0(2) 40.51+9.64(250)  |0.19+0.09(268) |3.33+0.46(233)
C1 0.03+0.05(135) |3.3+1.38(269) 0.02+0.01(13) |[36.04+5.89(262) [0.19+0.16(269) [3.49+0.5(233)
C2 0.02+0.03(14) |2.91+0.89(31) 0.02+0.02(4)  |40.19+30.32(25) |0.24%0.04(28) |2.95+0.41(21)
c3 0.02+0.01(11) [2.06+0.85(32) 0+0(2) 33.71#5.12(25)  |0.26+0.04(29) |2.84+0.46(22)
ca 0.0240.02(12) |4+1.32(32) 0+0(2) 35.62+4.65(25)  |0.31+0.23(28) |3.04+0.77(22)
c5 0.05+0.03(12) |56.88+18.52(32)  |0.02+0.02(5)  |12.05+2.21(25)  |0.93+0.23(29) |5.52+0.72(22)
c6 0.01+0.01(12) [2.14%0.95(32) 0+0(1) 32.74%4.1(25) 0.24+0.03(28) |2.79+0.66(22)
c7 0.02+0.03(17) [0.91%1.28(64) 0.01+0(7) 21.41+4.85(45)  |0.14+0.07(63) |1.84%0.54(41)
Y1 0.02+0.03(158) |5.39+3.33(264) 0.01+0.01(11) |40.14+9.03(264) |0.18+0.13(270) |4.98+1.07(233)
V2 0.02+0.01(11) |4.63+2.08(31) 0.02+0(1) 71.14+10.16(25) |0.24+0.13(28) |7.83+1.77(22)
Y3 0.01+0.01(20) [6.84+3.99(31) 0.01+0.01(4) |33.15+4.25(24)  |0.34+0.08(28) |4.67+0.81(22)
Y4 0.02+0.01(10) [2.04+1.05(31) 0.03£0.01(2)  |36.08+5.24(24)  |0.18+0.08(26) |7.42+2.03(22)
Y5 0.02£0.01(8)  [1.93%1.04(32) 0+0(0) 51.89+8.89(25)  |0.16+0.09(28) |8.62+2(22)
Y6 0.01+0.01(9)  |1.83+0.67(31) 0.01+0.01(2)  |22.03+4.07(24)  |0.32+0.08(26) |4.96+1.12(22)
Y7 0.01+0.01(13) |3.91+2.99(31) 0.01+0.01(5)  |28.42+3.12(24)  |0.28+0.06(25) |2.8+1.12(21)
Y8 0£0(0) 0.73+0.01(2) 0£0(0) 35.5449.38(2) 0.07£0.02(2)  |1.59+0(1)
K1 0.02+0.02(81) [0.7+0.63(267) 0.02+0(13) 28.15+4.24(266) |0.19+0.1(267) |2.7+0.39(233)
s1 0.05+0.08(10) [0.77+0.38(31) 0+0(2) 42.08+5.34(25)  |0.28+0.05(27) |2.9+0.46(22)
7 0.01+0.01(9)  [0.53%0.29(30) 0.01+0(1) 41.12+5.7(25) 0.28+0.05(29) |2.8+0.36(22)
3 0.01+0(10) 0.49+0.25(28) 0+0(1) 4153+5.63(25)  |0.26+0.06(29) |2.67+0.38(22)
T1 0.02+0.03(7)  |0.89+1.07(28) 0+0(0) 44.85+7.96(25)  |0.37+0.08(27) |3.99+1.61(22)
T2 0£0(0) 0.35+0.03(2) 0£0(0) 17.7+£2.95(2) 0.274£0.02(2)  |2.59+0.36(2)
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% .3 (%)

REE\-R R IE P K(ppm) Ca(ppm) Sr(ppm) Ba(ppm) Si(ppm) SO4(ppm)

co 0.94+0.22(272)[32.28+4.66(272)  0.22+0.04(272) [0.033+0.035(269) |4.18+0.43(272) |40.77+6.45(67)
c1 1.12+0.26(273)[29.49+3.96(273)  |0.21+0.03(273) |0.026+0.025(270) |4.08+0.4(273) |36.73+5.16(68)
C2 0.68+0.12(30) |27.02+3.99(30) 0.23+0.02(30) |0.012+0.019(27) |4.03+0.51(30) |37.07+4.42(17)
c3 0.56+0.18(32) |25.63+4.25(32) 0.21+0.02(32) |0.014+0.024(28) |4.05+0.46(32) |34.08+4.13(18)
ca 0.75+0.12(32) |27.03+4.3(32) 0.26+0.02(32) |0.018+0.031(29) [3.91+0.51(32) |36.22+4.82(18)
c5 0.81+0.11(32) [20.47+2.6(32) 0.21+0.02(32) |0.014+0.018(28) 6.34+1.11(32) |16.96+8.11(18)
c6 0.8+0.35(32) |26.63+4.92(32) 0.26+0.03(32) |0.017+0.031(28) [3.7+0.48(32)  |36.18+9.27(18)
c7 0.67+0.15(65) |21.46+5.59(65) 0.18+0.03(65) |0.013+0.011(63) |3.11%0.36(65) |29.17+11.18(52)
Y1 2.16+0.35(272)30.32+3.96(272)  |0.17+0.03(272) |0.031+0.026(269) |4.06+0.46(272) |44.83+5.31(67)
V2 1.35+0.28(32) |42.55+9.69(32) 0.24+0.05(32) |0.018+0.027(30) |3.92+0.48(32) |63.32+18.58(18)
Y3 2.15+0.57(32) |26.6+2.56(32) 0.19+0.07(32) |0.023+0.031(30) |4.14+0.5(32)  |37.69+4.82(18)
Y4 1.26+0.28(32) |36.395.29(32) 0.21+0.03(32) |0.012+0.007(30) |3.69+0.43(32) |[38.41%5.5(18)
Y5 1.38+0.35(32) |38.37+6.21(32) 0.29+0.04(32) |0.016+0.012(30) [3.71+0.43(32) |52.35+8.77(18)
Y6 0.82+0.23(32) [22.04+3.75(32) 0.14+0.04(32) |0.022+0.03(29) 4+0.39(32) 26.52+7.28(18)
Y7 1.27+0.38(31) |18.32+4.32(31) 0.17+0.03(31) |0.02+0.009(30)  |4.21+0.54(31) |31.53%5.92(18)
v8 0.85+0(1) 13.19+0(1) 0.12+0(1) 0.018=0(1) 4.53+0(1) 0+0(0)
K1 0.41+0.21(272)[24.79+3.59(272)  [0.1620.03(272) |0.022+0.018(268) |4.26+0.49(272) |31.5+4.18(67)
s1 0.61+0.38(32) |34.67+4.68(32) 0.26+0.03(32) |0.006+0.005(30) |4.29+0.52(32) |44.97+4.56(18)
7 0.47+0.1(32) |33.835.49(32) 0.25+0.03(32) |0.007+0.008(30) |4.27+0.51(32) |41.69+6.57(18)
3 0.52+0.18(32) |33.72%6.42(32) 0.26+0.03(32) |0.005+0.002(30) |4.15+0.48(32) |42.49+4.51(18)
T1 0.69+0.49(31) |30.78+4.52(31) 0.4+0.08(31)  |0.011+0.009(29) |4.87+0.74(31) |48.91+8.59(17)
T2 0.44+0.08(2) |17.48+3.07(2) 0.25+0.05(2)  |0.035+0.003(2)  |4.35£0.22(2)  |0+0(0)
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Site ID Natural Mixed  Secondary Grass Bare land  Orchard Active Inactive
forest forest forest vegetation vegetation
Y7 8.9 1.9 85.0 15 1.3 0.0 0.0 3.0
Y6 0.0 10.3 88.5 0.0 0.9 0.0 0.0 0.6
Y5 4.1 20.4 67.2 0.5 2.2 5.1 0.0 14
Y4 0.9 24.9 71.2 0.8 1.0 0.4 0.0 0.7
Y3 2.9 21.8 66.4 0.9 1.9 2.9 0.0 4.1
Y2 0.2 23.1 70.5 1.1 1.8 2.6 0.0 0.1
Y1 2.6 235 62.9 0.8 1.9 5.2 0.0 3.7
T 678 . 22 268 27 04 00 00 00
C7 74.6 35 4.2 13.7 35 0.0 0.0 0.0
C6 66.9 4.4 15.0 10.1 2.4 0.0 0.7 0.0
C5 11 46.1 9.7 17.2 1.2 11.6 13.1 0.0
C4 54.9 11.6 17.4 10.7 2.2 1.3 1.3 0.0
K1 45.8 225 19.7 9.6 2.2 0.1 0.0 0.0
C3 50.7 15.2 19.2 10.1 2.2 1.2 0.9 0.0
Cc2 47.4 15.9 21.8 9.7 2.0 1.7 1.0 0.0

C1 35.7 17.8 32.7 7.4 2.1 2.5 14 0.5




.5 Liplzkp NO3 A M B pind 2z Mk
Site ID  Flux estimator (kg/ha/day): R?
F=a*Q®

Y7 10.50*Q** 0.73
Y6 3.38*Ql% 0.89
Y5 0.65*Q 0.88
Y4 5.09*Q"% 0.84
Y3 21.05*Q** 0.75
Y2 2.66*Q%" 0.59
Y1 3.71*Q%Y" 0.75
T1 0.93*Q™" 0.66
C7 0.02*Q*™ 0.68
C6 6.41*Q"% 0.79
C5 30.63*Q*% 0.81
C4 6.55*Q %! 0.86
K1 1.43*Q¥ 0.81
C3 2.19*Q"% 0.74
C2 3.99*Q"1° 0.87
C1 5.10*Q" 0.88

37



.6 FREFESTEZNOIANE

Nitrate yield (kg/ha/yr)

Site ID Dry season Wet season Annual
Y7 18.9 1511 170.0
Y6 11.7 70.5 82.2
Y5 15.6 131.8 147.4
Y4 15.1 103.4 118.6
Y3 53.1 419.1 472.3
Y2 18.0 70.0 88.1
Y1 25.1 85.2 110.3

T a9 214 253
C7 2.3 10.6 12.9
C6 9.7 133.8 143.6
C5 337.8 1205.2 1543.0
C4 20.7 143.2 163.8
K1 2.8 16.8 19.6
C3 10.2 50.4 60.7
C2 14.9 89.4 104.2
C1 18.2 113.5 131.6
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Scenarios \ Month Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average”
Vegetative shading= 50°

Farm restoration 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 -0.01 0.00
Upstream -0.49 -0.06 -0.01 -0.01 -0.01 0.00 -0.01 0.00 0.00 -0.02 -048 -055 -0.14
Downstream -0.27 -0.07 000 0.00 0.00 000 0.00 000 0.00 -0.07 -0.26 -0.40 -0.09
East -0.23 -0.03 -0.01 -0.01 -0.01 000 -001 000 0.00 -0.02 -0.23 -0.33 -0.07
West -0.49 -0.06 0.00 0.00 0.00 0.00 000 000 000 -0.07 -046 -058 -0.14

Vegetative shading= 70°

Farm restoration 0.00 0.00 0.00 -0.04 000 0.00 -0.010 0.00 0.00 0.00 0.00 -001 -0.01
Upstream -0.68 -0.47 -047 -0.11 -0.04 -0.02 -0.04 -0.02 -031 -046 -0.67 -0.77 -0.34
Downstream -0.36 -0.20 -0.21 -0.07 -0.01 0.00 -0.03 0.00 -0.13 -0.20 -0.36 -0.56 -0.18
East -0.23 -0.13 -0.22 -0.08 -0.04 -0.03 -0.04 -0.02 -0.17 -0.12 -0.31 -046 -0.15
West -0.49 -0.34 -0.13 -0.06 -0.01 0.00 -0.03 0.00 -0.12 -0.44 -056 -0.76 -0.24

Vegetative shading= 90°

Upstream -0.83 -0.58 -0.58 -0.72 -059 -0.50 -0.68 -0.43 -0.38 -056 -0.83 -0.94 -0.64

* Average % ot 12 B ? "§ chL 150
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Actual Evatranspiration, [AET]
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® Stream flow station
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Bl.4 F3FPRERF KR Z FERRZ = (22 +)
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NO3{ppm)

1000

100

RN
HIl-

10

Ll
H

0.1

0.01

0.001
rrrrrrrr e rr e r e

T1 C7T C6 C5 C4 K1 C3 C2YT7 Y6 Y5 Y4 ¥3¥2 Y1 Cl1S3 52 S1C0
upstreams-—-———— Stations -—-—-—-—-=downstream

Bl.7T NOsikRzZ2Z 2z %2

45



NO3(ppm)
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