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Research paper

Application of a Stormwater Management Model (SWMM)
to Assess the Water Resource Conservation Capability

in the Deji Reservoir Watershed

Chun-Wei Tseng,"”  Chi-Feng Chen,” Yi-RuWu,” Jen-Yang Lin*”

[ Summary ]

Water resource conservation can be calculated with soil porosity, a water balance method,
base flow estimation, and a depletion curve method. However, most of these belong to static state
calculations in a single period. This study used the Stormwater Management Model (SWMM). The
SWMM can dynamically simulate the water resource conservation capability with land-use chang-
es, and determine the impacts of land-use changes in the study area. The research area of the Deji
Reservoir was the upstream portion of the Dajia River. Meteorological, hydrological, and land-
use data were gathered, and 4 yr of land-use changes were put in the SWMM model to analyze the
Deji Reservoir water resource conservation. Furthermore, impacts of land-use changes on water
resources conservation changes were also estimated. Results showed that when the proportion of
forest land use was higher, the resource conservation capacity was higher. About 61% of the annual
rainfall was conserved in the watershed of the Deji Reservoir. Water resource conservation can be
more finely calculated in the future, for example, using different kinds of trees. In addition, water
resource conservation is affected by various factors, such as rainfall, the rainfall intensity, geology,
slope, etc. This study used rainfall data from 2009 and 2010 to analyze water resource conserva-
tion. Results showed that the impacts of different rainfall patterns on water resource conservation
were greater than those of land-use changes. Under the same rainfall pattern, different land uses
also had an obvious influence on the amount of nutrients.

Key words: stormwater management model, dynamic simulation, land-use change, water resource
conservation capability.

Tseng CW, Chen CF, Wu YR, Lin JY. 2020. Application of a stormwater management model
(SWMM) to assess the water resource conservation capability in the Deji reservoir water-
shed. Taiwan J For Sci 35(2):103-21.
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Fig. 1. Location of the Deji Reservoir watershed.

Table 1. Results of control area weights in the Thiessen polygon method for each sub-watershed

Climate
. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
station
Taoshan 0.156 0.000 0.000 0.624 0.940 0.000 0.239 0.000 0.000 0.000 0.000 0.000
Huanshan 0.844 0.864 1.000 0.376 0.060 1.000 0.761 1.000 0.000 0.017 0.538 0.138
Lishan 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.342 0.090 0.462 0.862
Hehuanyakou 0.000 0.136 0.000 0.000 0.000 0.000 0.000 0.000 0.658 0.893 0.000 0.000
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Fig. 2. Flowchart of the study.
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Fig. 3. Land-use map in 1999 merged by this study.

Table 2. Ratios of land use in different years

Land use type 1999 2009 2011 2015
Agricultural 6.65% 6.86% 6.86% 6.86%
Forest 89.06% 84.78% 84.79% 84.73%
Traffic 0.12% 0.33% 0.33% 0.33%
Water conservancy 1.65% 1.76% 1.76% 1.77%
Building 0.11% 0.15% 0.15% 0.15%
Public utilities 0.00% 0.01% 0.01% 0.01%
Recreation 0.00% 0.01% 0.01% 0.01%
Salt mine 0.01% 0.00% 0.00% 0.00%
Others 2.40% 6.10% 6.10% 6.16%
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Table 3. Transfer matrix of land use from 1999 to 2015 (Unit: ha)

Land use Agricul- Water L Public ) Salt 1999

type tural Forest Traffic conservancy Building utilities Recreation mine thers total

Agricultural ~ 2816.19  624.95 49.67 18.77 38.23 1.72 1.34 31.66 3582.53
Forest 78521 4422560 84.37 140.30 8.65 0.37 2538.17 47,782.67
Traffic 15.67 10.95 34.15 0.17 2.81 0.27 0.70 - 0.66 65.38
Water
conservancy 29.65 75.67 0.71 773.58 0.73 - - - 476 885.11
Building 8.43 9.85 243 0.01 26.66 1.92 0.77 - 7.69 57.77
Public utilities 0.12 - - - 0.12
Recreation - - - - - -
Salt mine - 1.44 0.32 0.30 1.25 - - - 0.15 3.46
Others 36.52 675.81 4.20 19.59 1.34 0.34 1.71 731.54  1471.06
2015 total 3691.66 45,624.26 175.86 952.73 79.68 4.75 4.52 3314.63 53,848.10
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Table 4. Statistical indicators for model verification

Judgment index Range Accepted value References
Coefficient of
. ) 0~1 >0.5 Wahyu (2010)
determination (R”)
< 15% Highly accurate prediction
Mean Absolut: 10%~20% Good predicti
ean Absolute 1 o » Good prediction Lewis (1982)

Percentage Error (MAPE)

20%~50% Reasonable prediction

> 50% Inaccurate prediction;
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Fig. 5. Distribution of sub-watersheds and monitoring stations.
Table S. Model parameters used in watershed characteristics

Parameters Descriptions Ranges in this study Unit
Width Width of overland flow (depends on the shape of 2858 ~ 11,676 m

watershed)

% slope Average slope 51~69 %
9oimperv Percentage of impervious area 10~ 14 %
N-imperv Manning N coefficient of impervious area 0.01 Unitless
N-perv Manning N coefficient of pervious area 0.51~0.79 Unitless
Dstore-imperv Depth of depression in impervious area 0.05 mm
Dstore-perv Depth of depression in pervious area 0.05 mm
% zero-imperv Percentage of zero depression area in impervious area 85~92 %

1. Imperv: Runoff from permeable to impermeable
and to the outlet

) 2. Perv: Runoff from impermeable to permeable and )
Subarea Routing Outlet Unitless
to the outlet

3. Outlet: Runoff direct from permeable and impermeable

to the outlet
Percent Routed Precent of runoff routed between sub-areas 100 %
D Constant 4 1/h
Infiltration Infiltration method: Horton ceay Lonstan r

Dryting Time 7 days
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Fig. 6. Model calibration of flow simulations (2009 data).
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Fig. 7. Model verification of flow simulations (2010 data).

Table 6. Results of SWMM simulations
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Table 7. Water resource conservation under different land use scenario and 2009 rainfall

data (Unit: mm)

Year S1 S2 S3 S4 S5 S6
2009 Rainfall 2385.04 2482.37 2522.50 1971.96 1693.11 2522.50
1999 Conservation 1,196.69 1,276.96 1,228.55 1,089.82 943.02 1,208.20
2009 Conservation 1,183.82 1,275.80 1,221.63 1,083.13 943.07 1,202.90
2011 Conservation 1,183.83 1,275.82 1,221.64 1,083.13 942.92 1,202.91
2015 Conservation 1,183.69 1,275.82 1,221.64 1,082.78 942.11 1,202.91
Year S7 S8 S9 S10 S11 S12
2009 Rainfall 2311.45 2522.50 2287.34 2247.55 2468.04 2420.81
1999 Conservation 1,191.78 1,198.43 1,316.58 1,329.97 1,242.37 1,268.19
2009 Conservation 1,157.12 1,195.99 1,287.92 1,315.81 1,216.27 1,248.97
2011 Conservation 1,157.14 1,195.99 1,288.09 1,315.79 1,216.28 1,249.11
2015 Conservation 1,157.14 1,195.99 1,288.09 1,315.79 1,216.28 1,249.25
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Table 8. Water resource conservation under different land use scenario and 2010 rainfall
data (Unit: mm)

Year S1 S2 S3 S4 S5 S6
2010 Rainfall 2233.75 2379.99 2338.50 1918.96 1706.47 2338.50
1999 Conservation 1,549.75 1,614.06 1,543.46 1,453.95 1,350.35 1,518.46
2009 Conservation 1,533.67 1,612.57 1,534.90 1,445.17 1,350.40 1,511.77
2011 Conservation 1,533.69 1,612.59 1,534.91 1,445.19 1,350.21 1,511.79
2015 Conservation 1,533.51 1,612.59 1,534.91 1,444.71 1,348.99 1,511.79
Year S7 S8 S9 S10 Si1 S12
2010 Rainfall 2177.67 2338.50 2553.76 2615.37 2357.19 2373.40
1999 Conservation 1,520.53 1,506.66 1,773.17 1,769.77 1,655.35 1,751.38
2009 Conservation 1,475.65 1,503.58 1,739.34 1,750.85 1,620.35 1,726.18
2011 Conservation 1,475.68 1,503.59 1,739.56 1,750.82 1,620.35 1,726.37
2015 Conservation 1,475.68 1,503.59 1,739.56 1,750.82 1,620.35 1,726.57

Table 9. Summary of water resource conservation rate in different years and different
rainfall data

2009 2010
Year Rainfall conservation ratio Rainfall conservation ratio Average conservation ratio
(Average 2,266 mm) (Average 2,262 mm)
1999 52.3% 69.9% 61.1%
2009 51.7% 69.1% 60.4%
2011 51.7% 69.1% 60.4%
2015 51.7% 69.1% 60.4%

Table 10. Proportion of forest land use in each sub-watershed

Sub-watershed 1999 ratio 2009 ratio 2011 ratio 2015 ratio
S1 95% 91% 91% 91%
S2 99% 98% 98% 98%
S3 75% 71% 71% 1%
S4 92% 88% 88% 88%
S5 93% 93% 93% 92%
S6 61% 55% 55% 55%
S7 92% 78% 78% 78%
S8 63% 61% 61% 61%
S9 90% 84% 84% 84%
S10 95% 93% 93% 93%
S11 76% 65% 65% 65%

S12 82% 78% 78% 78%
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Table 11. Water resource conservation ratio in each sub-watersheds with 2009 year rainfall

(Unit: %)

Year Sl S2  S3 s4 S5 S6 ST S8 s9  sl0 Sl SI2
1999 50.18 5144 4870 5527 5570 4790 5156 47.51 57.56 59.17 5034 5239
2009 49.64 5139 4843 5493 5570 47.69 50.06 4741 5631 58.54 49.28 51.59
2011 49.64 5140 4843 5493 5569 47.69 5006 4741 5631 5854 4928 51.60
2015 49.63 5140 4843 5491 5564 47.69 50.06 4741 5631 5854 4928 51.60

Table 12. Water resource conservation ratio in each sub-watersheds with 2010 year rainfall

(Unit: %)

Year S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
1999 69.38 67.82 66.00 7577 79.13 6493 69.82 6443 6943 67.67 7023 73.79
2009 68.66 67.76 65.64 7531 79.13 64.65 67.76 6430 68.11 6694 68.74 72.73
2011 68.66 67.76 65.64 7531 79.12 64.65 67.76 6430 68.12 6694 6874 72.74
2015 68.65 67.76 65.64 7529 79.05 64.65 67.76 6430 68.12 6694 068.74 72.75
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Appendix Proportion of land use area in each sub-watersheds (1/3)
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Name Land use type 1999 Ratio 2009 Ratio 2011 Ratio 2015 Ratio
S1 Agricultural 0.00% 0.00% 0.00% 0.00%
S1 Forest 95.19% 91.06% 91.06% 91.02%
S1 Traffic 0.00% 0.00% 0.00% 0.00%
S1 Water conservancy 0.66% 0.57% 0.57% 0.57%
S1 Building 0.00% 0.00% 0.00% 0.00%
S1 Public utilities 0.00% 0.00% 0.00% 0.00%
S1 Recreation 0.00% 0.00% 0.00% 0.00%
S1 Salt mine 0.00% 0.00% 0.00% 0.00%
S1 Others 4.14% 8.37% 8.37% 8.41%
S2 Agricultural 0.00% 0.00% 0.00% 0.00%
S2 Forest 98.80% 98.47% 98.47% 98.47%
S2 Traffic 0.00% 0.00% 0.00% 0.00%
S2 Water conservancy 0.43% 0.39% 0.39% 0.39%
S2 Building 0.00% 0.00% 0.00% 0.00%
S2 Public utilities 0.00% 0.00% 0.00% 0.00%
S2 Recreation 0.00% 0.00% 0.00% 0.00%
S2 Salt mine 0.00% 0.00% 0.00% 0.00%
S2 Others 0.77% 1.13% 1.13% 1.13%
S3 Agricultural 22.97% 26.12% 26.12% 26.12%
S3 Forest 75.03% 71.13% 71.13% 71.13%
S3 Traffic 0.03% 0.18% 0.18% 0.18%
S3 Water conservancy 1.56% 1.73% 1.73% 1.73%
S3 Building 0.00% 0.19% 0.19% 0.19%
S3 Public utilities 0.00% 0.00% 0.00% 0.00%
S3 Recreation 0.00% 0.00% 0.00% 0.00%
S3 Salt mine 0.00% 0.00% 0.00% 0.00%
S3 Others 0.42% 0.65% 0.65% 0.65%
S4 Agricultural 5.32% 8.36% 8.37% 8.36%
S4 Forest 91.88% 88.48% 88.48% 88.32%
S4 Traffic 0.18% 0.45% 0.45% 0.45%
S4 Water conservancy 2.14% 1.66% 1.66% 1.67%
S4 Building 0.08% 0.12% 0.12% 0.12%
S4 Public utilities 0.00% 0.00% 0.00% 0.00%
S4 Recreation 0.00% 0.00% 0.00% 0.00%
S4 Salt mine 0.00% 0.00% 0.00% 0.00%
S4 Others 0.40% 0.92% 0.92% 1.07%
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Appendix Proportion of land use area in each sub-watersheds (2/3)

Name Land use type 1999 Ratio 2009 Ratio 2011 Ratio 2015 Ratio
S5 Agricultural 1.82% 1.43% 1.39% 1.37%
S5 Forest 92.75% 92.62% 92.64% 92.31%
S5 Traffic 0.09% 0.01% 0.01% 0.01%
S5 Water conservancy 0.77% 0.89% 0.89% 0.90%
S5 Building 0.03% 0.00% 0.00% 0.00%
S5 Public utilities 0.00% 0.00% 0.00% 0.00%
S5 Recreation 0.00% 0.00% 0.00% 0.00%
S5 Salt mine 0.00% 0.00% 0.00% 0.00%
S5 Others 4.55% 5.05% 5.06% 5.40%
S6 Agricultural 33.37% 38.90% 38.90% 38.90%
S6 Forest 61.49% 54.67% 54.67% 54.67%
S6 Traffic 0.57% 0.70% 0.70% 0.70%
S6 Water conservancy 2.76% 4.53% 4.53% 4.53%
S6 Building 0.16% 0.58% 0.58% 0.58%
S6 Public utilities 0.00% 0.01% 0.01% 0.01%
S6 Recreation 0.00% 0.00% 0.00% 0.00%
S6 Salt mine 0.00% 0.00% 0.00% 0.00%
S6 Others 1.65% 0.62% 0.62% 0.62%
S7 Agricultural 0.35% 1.79% 1.79% 1.79%
S7 Forest 91.68% 78.35% 78.35% 78.34%
S7 Traffic 0.00% 0.00% 0.00% 0.00%
S7 Water conservancy 0.80% 0.89% 0.89% 0.89%
S7 Building 0.00% 0.00% 0.00% 0.00%
S7 Public utilities 0.00% 0.00% 0.00% 0.00%
S7 Recreation 0.00% 0.00% 0.00% 0.00%
S7 Salt mine 0.00% 0.00% 0.00% 0.00%
S7 Others 7.17% 18.98% 18.98% 18.99%
S8 Agricultural 30.46% 32.38% 32.38% 32.38%
S8 Forest 62.93% 61.45% 61.45% 61.45%
S8 Traffic 0.79% 0.88% 0.88% 0.88%
S8 Water conservancy 3.28% 3.42% 3.42% 3.42%
S8 Building 1.29% 1.38% 1.38% 1.38%
S8 Public utilities 0.00% 0.19% 0.19% 0.19%
S8 Recreation 0.00% 0.02% 0.02% 0.02%
S8 Salt mine 0.00% 0.00% 0.00% 0.00%

S8 Others 1.24% 0.27% 0.27% 0.27%
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Appendix Proportion of land use area in each sub-watersheds (3/3)

121

Name Land use type 1999 Ratio 2009 Ratio 2011 Ratio 2015 Ratio
S9 Agricultural 527% 3.87% 3.87% 3.87%
S9 Forest 90.11% 84.27% 84.27% 84.27%
S9 Traffic 0.19% 0.67% 0.67% 0.67%
S9 Water conservancy 0.84% 0.54% 0.54% 0.54%
S9 Building 0.28% 0.09% 0.09% 0.09%
S9 Public utilities 0.00% 0.00% 0.00% 0.00%
S9 Recreation 0.00% 0.03% 0.03% 0.03%
S9 Salt mine 0.00% 0.00% 0.00% 0.00%
S9 Others 331% 10.54% 10.54% 10.55%
S10 Agricultural 3.74% 2.76% 2.76% 2.76%
S10 Forest 94.58% 92.95% 92.95% 92.95%
S10 Traffic 0.01% 0.78% 0.78% 0.78%
S10 Water conservancy 0.96% 0.91% 0.91% 091%
S10 Building 0.01% 0.00% 0.00% 0.00%
S10 Public utilities 0.00% 0.00% 0.00% 0.00%
S10 Recreation 0.00% 0.00% 0.00% 0.00%
S10 Salt mine 0.00% 0.00% 0.00% 0.00%
S10 Others 0.70% 2.60% 2.60% 2.60%
S11 Agricultural 21.78% 26.29% 26.29% 26.29%
S11 Forest 76.25% 64.60% 64.60% 64.60%
S11 Traffic 0.17% 0.30% 0.30% 0.30%
S11 Water conservancy 1.45% 1.68% 1.68% 1.68%
S11 Building 0.05% 0.21% 0.21% 0.20%
S11 Public utilities 0.00% 0.02% 0.02% 0.02%
S11 Recreation 0.00% 0.01% 0.01% 0.01%
S11 Salt mine 0.00% 0.00% 0.00% 0.00%
S11 Others 0.30% 6.90% 6.90% 6.90%
S12 Agricultural 11.89% 10.98% 10.98% 10.98%
S12 Forest 82.37% 77.74% 77.76% 77.74%
S12 Traffic 0.26% 0.53% 0.50% 0.50%
S12 Water conservancy 4.02% 4.56% 4.56% 4.58%
S12 Building 0.26% 0.43% 0.44% 0.44%
S12 Public utilities 0.00% 0.03% 0.03% 0.03%
S12 Recreation 0.00% 0.02% 0.02% 0.02%
S12 Salt mine 0.03% 0.00% 0.00% 0.00%
S12 Others 1.17% 5.70% 5.71% 5.70%
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