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ABSTRACT

Hydrological services of watershed ecosystem are the one index which could be indicated effects of forest
restoration in different activities from the past to present. This research aimed to clarify and compare the hydrological
services of watershed ecosystem from different forest development activities of Huai Hong Khrai Watershed,
Chiang Mai province. Four different development activity sites were selected; 1) rainwater forest development, 2)
check dam forest development, 3) irrigation forest development and 4) reservoir and check dam forest development.
The analysis indices of average runoff, flow date and flow interval were analyzed during 2011-2017.

The result showed that average annual runoff and wet-dry period runoff were non-significant (p<0.05).
These indices were highest at rainwater forest development site, however, during the dry period the runoff at reservoir
and check dam forest development site had highest amount. Flow date at 25%, 50%, 75% were found in wet period,
while, flow date at 95% and 99% were found in dry period. In addition, the highest value was found at reservoir and
check dam forest development site. Indicating the reservoir and check dam forest development activity site had spent
long time for runoff acumination. In accordance with flow interval had the short period of last 5 % and 1 % runoff
during lack of rainfall. Indicating that the reservoir and check dam forest development activity is good hydrological
services. The results of this study can be used as a guideline for selecting forest restoration activities that require
hydrological services as a key index. It can be a database for water resource management for solving flood in rainy

season and lack of water in dry season problems.
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Figure 1 The location of study area at Huai Hong Khrai Watershed, Chiang Mai Province.
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Table 1 Average rainfall and runoff from different forest development activities during 2011 —2017.

R CH IR RECH

Month Rainfall Runoff Rainfall Runoff Rainfall Runoff Rainfall Runoff
(mm) (mm) (mm)  (mm) (mm)  (mm) (mm)  (mm)
January 9.44 0.00 19.51 0.00 2141 0.00 20.57 0.10
February 1.16 0.00 1.03 0.00 2.67 0.00 2.54 0.00
March 8.66 0.00 14.09 0.00 25.30 0.00 19.11 0.00
April 42.62 0.00 42.51 0.00 57.36 0.02 45.77 0.00
May 152.04 0.64 137.63 6.12 153.33 8.73 147.36 3.18
June 171.56 1.45 126.23 0.41 152.79 4.88 146.41 1.59
July 190.63 15.21 176.62 2.82 198.06 5.57 190.86 2.73
August 308.27 62.00 293.43 38.38 292.39 38.59 302.83 27.98
September 258.59 58.38 261.55 39.03 252.26 54.20 257.17 30.31
October 120.63 75.78 125.30 29.49 123.01 62.08 116.80 32.34
November 56.70 11.40 36.52 13.30 53.01 7.86 49.49 23.37
December 6.86 1.81 3.84 0.10 8.00 0.87 5.10 11.42
Annual 1,327.15 226.67 1,23826  129.65 1,339.59  182.80 1,304.01  133.02

% Runoff of
- 16.14 - 8.34 - 11.63 - 8.63

annual rainfall
Wet period 1,258.41 22486  1,157.28 12955 1,22484 18190 1,210.91 121.50
% of annual 94.82 97.73 93.46 99.89 91.43 98.73 92.86 93.06
Dry period 68.74 1.81 80.98 0.10 114.74 0.89 93.10 11.52
% of annual 5.18 227 6.54 0.11 8.57 1.27 7.14 6.94

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Table 2 Flow date analysis of each forest development activities during 2011 —2017.

Flow date (date)
Flow date Activity
2011 2012 2013 2014 2015 2016 2017 AVG.

R 137 156 141 160 141 174 143 150

CH 140 157 145 164 157 149 155 143
25%FD

IR 136 162 181 162 161 187 161 147

RECH 144 153 173 188 158 168 162 151

R 162 171 175 189 165 205 200 180

CH 165 164 161 179 159 166 188 166
50%FD

IR 160 182 198 182 170 213 197 174

RECH 180 158 195 217 180 192 191 184

R 184 186 192 224 188 226 222 200

CH 196 187 169 222 165 191 211 193
75%FD

IR 187 191 209 208 186 227 219 195

RECH 219 187 205 238 198 223 217 216

R 207 197 206 246 200 245 243 238

CH 222 196 182 232 174 230 234 222
95%FD

IR 208 198 220 223 201 242 242 219

RECH 260 242 216 269 213 245 242 255

R 213 199 215 251 203 249 247 247

CH 228 199 184 235 184 234 244 229
99%FD

IR 213 199 234 226 202 245 247 242

RECH 272 258 219 276 216 249 247 271

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Table 3 Flow interval analysis of each forest development activities during 2011 — 2017.

Flow interval (day)

Flow interval Activities
2011 2012 2013 2014 2015 2016 2017 AVG.
R 21 14 16 9 22 20 21 20
CH 30 22 7 18 5 24 22 27
25%FI1
IR 26 8 10 25 15 15 31 21
RECH 38 28 9 20 17 30 25 32
R 46 29 50 1 46 51 1 50
CH 55 29 23 18 7 41 55 50
50% FI
IR 50 28 27 3 29 39 56 48
RECH 74 33 31 49 39 54 54 65
R 159 169 159 119 166 120 122 127
CH 144 169 183 133 192 135 131 143
5% FI
IR 158 167 145 142 165 118 123 146
RECH 106 123 149 96 153 120 123 110
R 153 167 150 114 163 116 118 118
CH 138 166 181 130 182 131 121 136
1% FI
IR 153 166 131 139 163 115 118 123
RECH 94 107 146 89 150 116 118 94

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Figure 3 Percentage of accumulative discharge from each forest development activities during 2011-2017.

Table 4 Tukey’s test at 5% probability level for average runoff from each forest development activities.

Runoff (mm)
Activity

Wet period Dry period Annual
R 224.86 +217.72 1.81 +2.61 226.67 +216.35
CH 129.55 +215.35 0.10 £0.26 129.65 +215.15
IR 181.90 +252.73 0.89 +2.27 182.80 +252.27
RECH 121.50 +163.28 11.52 +21.36 133.02 +184.12
P-value 0.786 0.193 0.817

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern. value = mean+standard deviation, ns= non-significant

75
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Table 5 Tukey’s test at 5% probability level for average flow date from each forest development activities.

Activity

Flow date (date)

25%FD

50%FD

75%FD

95%FD

99%FD

R

CH

IR

RECH

ns

150.29 +13.49

ns

152.43 +8.20

ns

164.29 +16.47

ns

163.71 +14.34

ns

181.00 +17.10

ns

168.86 +10.61

ns

186.00 +18.06

ns

187.57 +17.99

ns

203.14 £19.69

ns

191.57 +20.65

ns

203.86 +16.21

ns

212.43 £17.03

ns

220.57 +22.81

ns

210,00 +25.43

ns

219.14 +18.08

ns

241.00 +20.70

ns

22529 +22.87

ns

215.43 +25.65

ns

22371 +19.59

ns

248.14 +23.55

P-value

0.129

0.155

0.239

0.084

0.076

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern. value = mean+standard deviation, ns= non-significant

Table 6 Tukey’s test at 5% probability level for average flow interval from each forest Development Activities.

Flow interval (Day)
Activity

25%FI 50% FI 5% FI 1% FI
R 17.57 +4.79 32.00 422.39 144.86 +23.23 140.14 +23.32
CH 1829 49.14 32.57 +18.47 15529 +25.59 149.86 +£25.78
IR 18.57 +8.77 33.14 +17.46 145.43 +19.47 140.71 +20.66
RECH 23.86 +9.48 4771 £14.96 124.29 +20.78 117.14 +23.61
P-value 0.478 0.340 0.096 0.085

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern. value = mean-+standard deviation, ns= non-significant
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