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Impacts of Surface Roughness Integration Using Remote Sensing Data:

Concentration of Flood Flow Varation
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Abstract

A physical-based aggregation method was suggested to estimate surface roughness, which adequately represents the
spatial heterogeneity of vegetation factors, from land cover property obtained from the remote sensing data. For the
sensitivity analysis of surface roughness, the peak flow, peak time, and total volume were simulated by the NWS-PC.
Effects of surface roughness estimated by three different integration methods (predominant, arithmetic mean, and
aggregation approach) on the conceptual rainfall-runoff model parameters was analyzed. In the preliminary sensitivity
test to surface roughness, the peak time had 10% variation and total volume had 2% variation. The peak time increased
with surface roughness. A physical-based aggregation method was better than the existing method in the Soyanggang
Dam basin for the results of STDEV, RMSE, NSE, and PME, but difference between them were small. The parameters
related on the total baseflow were changed significantly with change of the surface roughness.

Keywords : Surface roughness, Land cover, Conceptual rainfall-runoff model
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Table 1. Functional description of the model parameters in the SAC-SMA model

Parameter Description
UZTWM | Upper zone tension water maximum storage (mm)
UZFWM | Upper zone free water maximum storage (mm)
LZTWM | Lower zone tension water maximum storage (mm)
LZFPM | Lower zone free water primary maximum storage (mm)
LZFSM | Lower zone free water supplemental maximum storage (mm)
ADIMP | Additional impervious area (decimal fraction)
UZK Upper zone free water lateral depletion rate (day™)
LZPK Lower zone primary free water depletion rate (day”)
LZSK Lower zone supplement free water depletion rate (day™)
ZPERC Maximum percolation rate (dimensionless)
REXP Exponent of the percolation equation (dimensionless)
PCTIM Impervious fraction of the watershed area (decimal fraction)
PFREE Fraction of water percolating from upper zone directly to lower zone free water storage (decimal fraction)
RIVA Riparian vegetation area (decimal fraction)
SIDE Ratio of deep recharge to channel base flow (dimensionless)
RSERV Fraction of lower zone free water not transferable to lower zone tension water (decimal fraction)
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Fig. 1. The Soyanggang basin located at east Korea. The Soyanggang basin was divided in to 9 sub-basin in this study.

Table 2. Portion of each vegetation type derived from the remotely sensed land cover map for each sub-basin in the Soyanggang

basin (in %)

Vegetation type Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Sub. 7 Sub. 8 Sub. 9
g%ti’g)b"dies 0.047 0.005 0000 0000 0223 0011 0.149 1213  7.566
g)r.g?r;)and built-up land 0278 0460  0.022 0010 0203 0048 0095 0.125  0.034
?(ff)f?) or sparsely vegetated 0.281 0376 0206 0.047 0206 0036 0221 0264  0.347
?gf(’)‘:g) shrubland/grassland 1.239 0521 0460 0.113 0463 0337 0572 0691  0.710
?g_ii‘gg) forest 85.80 9570 9370  91.54 8823 9540 9342 8981 8857
Mixed dryland/irrigated and 12.36 2937 5615 8288 1068 4.169 5542 7.895 2775

Crop/pasture (0.035)
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Table 3. The integrated Manning’s roughness coefficient by three different methods for each sub-basin in the Soyanggnag
basin. The values are integrated from each vegetation type in Table 1.

Method Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Sub. 7 Sub. 8 Sub. 9
Predominant 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Arithmetic mean 0.091 0.097 0.096 0.095 0.092 0.097 0.096 0.093 0.091
Aggregation 0.078 0.091 0.089 0.086 0.081 0.092 0.088 0.081 0.067
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Fig. 2. Simulated discharge hydrograph for a range of

values of the surface roughness coefficient, n.
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Fig. 3. Simulated peak discharge for a range of values of
the surface roughness coefficient, n.

7O————————————————

96.5 —

96.0 —

Relative total volume (%)

.5
000 0.02 004 006 008 010 012 0.14
Manning's coefficient, n

Fi

—

g. 4. Relative total volume (simulated volume divided by
observed volume) in percentage for a range of
values of the surface roughness coefficient, n.

= BT Aok 25=A4 0.01~0.129] ol 4
b & A2 Zoli= of 2% A2 WS YeERSlct
NWS-PC 232 HgAQl myor ¢bds] Eej4el 4
go] HA] gFor g ofof oigh AnkEAl siHe Wel
A= okeh o] Alols Wy AE, 9 AV 7o 54

82 T

Peak time (hours)
3 2
T ’ T
»\\\\\“‘
| |

I\

78 L 1 L | L | L | ! | L 1 !
000 002 004 006 008 010 012 0.14
Manning's coefficient, n

Fig. 5. A time course of the simulated streamflow for a
range of values of the surface roughness coefficient,
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time depending on the surface roughness coefficient.
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Fig. 6. A time course of simulated streamflow using three
different integration methods.

Table 4. Basic error statistics of the simulated streamflow
compared to observations.

Index |Observed Predominant Arithmetic aggregation
mean
MEAN| 959.3 946.3 948.8 937.1
STDEV| 786.2 801.6 817.1 789.5
RMSE - 363.1 359.7 353.0
PBIAS - -1.361 -1.095 -2.316
NSE - 0.785 0.789 0.797
PME - 0.525 0.534 0.551
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Table 5. Relative differences of each parameter in percentage using the parameter derived from the aggregation method as

a reference

Optimized parameters

Relative differences (%)

Parameters Predominant Arithmetic Aggregation Predominant Arithmetic Aggregation
mean mean
(a) Upper zone
UZTWM 89.835 88.276 89.582 0.282 -1.458 -
UZFWM 79.904 72.040 75.190 6.269 -4.189 -
UZK 0.314 0.326 0.323 -2.786 0.929 -
ADIMP 0.300 0.272 0.276 8.696 -1.449 -
PCTIM 0.100 0.098 0.100 0.000 -2.000 -
RIVA 0.190 0.174 0.203 -6.404 -14.29 -
(b) Lower zone
LZTWM 311.027 311.118 311.039 -0.004 0.025 -
LZFPM 275.427 188.302 210.701 30.72 -10.63 -
LZFSM 34.121 101.376 96.100 -64.49 5.490 -
LZPK 0.015 0.012 0.011 36.36 9.091 -
LZSK 0.018 0.029 0.031 -41.94 -6.452 -
RSERV 0.155 0.145 0.279 -44.44 -48.03 -
(c) Percolation
ZPERC 128.429 141.044 124.080 3.505 13.67 -
REXP 3.954 3.676 3.542 11.63 3.783 -
PFREE 0.233 0.289 0.182 28.02 58.79 -
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