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Abstract 
Lower Pasak River between downstream portion of Rama VI Dam and ChaoPhraya junction was selected 

for river mechanics study in conjugate with an application of MIKE11 model.  Both of Pasak and ChaoPhraya river 
cross section data were surveyed in the period of 2013 - 2015 in form of 50 m spacing. The model calibration 
and verification of MIKE11 was carried out with the data in the period of 2012 - 2011. It found that roughness 
coefficient along Pasak river has a range between 0.023 ů 0.026 which was acceptable with the statistical indexs 
of R2 and RMSE equal to 0.85 and 0.62 m respectively. The calibrated MIKE11 was then applied to analyst the 
low flow period by calculating the lowest depths in the period of 2007-2013. The result showed that there were 
almost water depths below 4.9 m were located nearby upstream portion of lower Pasak River from KM. 30+000 
to KM. 51+900. However, the full river bank analyzed from the river capacity illustrated that downstream portion 
of lower Pasak River from KM. 10+000 to KM. 30+000 has an average capacity in the range of 517.64 - 630.17 m3 
s-1 and was much lower than the overall average with 811.19 m3 s-1. Consequently, the determination of flow 
efficiency in both of low flow and high flow periods should consider the factors related to the river mechanics 
including water depth, river width, and river capacity in order to guideline as a basis for water management of 
government agencies involved. 

Keywords: River Mechanics, Lower Pasak River, Mathematical Model 
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1 ĭĪĬŜŅ 
ŐĴƞĬŘŜŅĮƙŅĽńĔĨńŘĚŀĵŌƞŒĬŏĕĨĳŅėĔĸŅĚĕŀĚĮĶŃŏĪĻœĪĵĴňĨƟĬ

ĔŜŅŏĬŇħĴŅěŅĔŏĪŊŀĔŏĕŅŏıĝĶĭŌĶĦƢœľĸěŅĔĪŇĻŏľĬŊŀĸĚĪŇĻŒĨƟįƞŅĬ
ěńĚľĺńħŏıĝĶĭŌĶĦƢȮĸıĭŋĶňȮŐĸŃĽĶŃĭŋĶňȮěĬĴŅĭĶĶěĭĔńĭŐĴƞĬŘŜŅ
ŏěƟŅıĶŃĵŅĪňŗěńĚľĺńħıĶŃĬėĶĻĶňŀĵŋīĵŅȮĮƤĠľŅĔŅĶĨńħœĴƟĪŜŅĸŅĵĮƙŅ
ŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĔŅĶŒĝƟĮĶŃőĵĝĬƢĪňŗħŇĬŒĬĸŋƞĴĬŘŜŅȮŏĴŊŗŀŏĔŇħİĬ
ĨĔľĬńĔĴńĔěŃĔƞŀŒľƟŏĔŇħĔŅĶıńħıŅĨŃĔŀĬħŇĬěŅĔıŊŘĬĪňŗĨŀĬĭĬ
ĕŀĚĸŋƞĴĬŘŜŅĸĚĴŅĵńĚıŊŘĬĪňŗĨŀĬĸƞŅĚŒĬĮĶŇĴŅĦĪňŗĴŅĔȮŏĬŊŗŀĚěŅĔħŇĬ
ĕŅħĽŇŗĚĮĔėĸŋĴĪŜŅŒľƟĸŜŅĬŘŜŅĨŀĬĸƞŅĚŏĔŇħĔŅĶĨŊŗĬŏĕŇĬŐĸŃĴňėĺŅĴěŋĸŜŅ
ĬŘŜŅĸħĸĚȮŀĵƞŅĚœĶĔŖĨŅĴĽĳŅıĮƤĠľŅŀŋĪĔĳńĵĨŅĴŐĬĺĶŇĴŐĴƞĬŘŜŅĮƙŅ
ĽńĔĸħĸĚœĮŀĵƞŅĚĴŅĔȮĳŅĵľĸńĚěŅĔĴňŏĕŊŗŀĬĮƙŅĽńĔĝĸĽŇĪīŇśŒĬĮƖȮı,Ļ,
032/ȮĵĔŏĺƟĬĭĶŇŏĺĦħƟŅĬĪƟŅĵĬŘŜŅĕŀĚŏĕŊŗŀĬłȮěĬĩŉĚěŋħĭĶĶěĭ
ĶŃľĺƞŅĚŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅŐĸŃŐĴƞĬŘŜŅĮƙŅĽńĔȮĭĶŇŏĺĦěńĚľĺńħ
ıĶŃĬėĶĻĶňŀĵŋīĵŅĞŉŗĚĽĳŅıĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔŒĬĭŅĚĝƞĺĚėƞŀĬĕƟŅĚ
ŐėĭȮŐĸŃėħŏėňŘĵĺĪŜŅŒľƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶŃĭŅĵĬŘŜŅĨŗŜŅȮĞŉŗĚěŃ
ŏĔŇħĮƤĠľŅĬŘŜŅŏŀƞŀĪƟĬȮŐĸŃĔŅĶĨĔĽŃĽĴĕŀĚĨŃĔŀĬĳŅĵŒĬĸŜŅĬŘŜŅ
ĞŉŗĚŏĮƦĬĽŇŗĚĪňŗľĸňĔŏĸňŗĵĚœĴƞœħƟŐĸŃŏĮƦĬĽŅŏľĨŋĽŜŅėńĠĪňŗĪŜŅŒľƟ
ıŊŘĬĪňŗľĬƟŅĨńħĸŜŅĬŘŜŅĸħĸĚȮŏĮƦĬįĸŒľƟĔŅĶĶŃĭŅĵĬŘŜŅĸħĸĚŀňĔħƟĺĵȮ 
ħńĚĬńŘĬěŉĚĴňėĺŅĴěŜŅŏĮƦĬĨƟŀĚŏĨĶňĵĴĔŅĶŏıŊŗŀĶńĭĴŊŀĔńĭĮƤĠľŅ

ħńĚĔĸƞŅĺȮĞŉŗĚĨƟŀĚŒĝƟėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěĪŅĚħƟŅĬŀŋĨŋĬŇĵĴĺŇĪĵŅȮŀŋĪĔ
ĺŇĪĵŅȮŀŋĪĔıĸĻŅĽĨĶƢȮŐĸŃĔĸĻŅĽĨĶƢŐĴƞĬŘŜŅȮĨĸŀħěĬĽĳŅıĪŅĚ
ĔŅĵĳŅıĕŀĚŐĴƞĬŘŜŅĶƞĺĴĔńĭŏĪėĬŇėĺŇīňĺŇěńĵħƟĺĵŏėĶŊŗŀĚĴŊŀĪňŗĪńĬĽĴńĵ
ĞŉŗĚœħƟŐĔƞȮŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢȮŐĸŃĶŃĭĭĽŅĶĽĬŏĪĻ
ĳŌĴŇĻŅĽĨĶƢŒĬĔŅĶěŜŅĸŀĚĔŅĶœľĸĕŀĚĬŘŜŅŏıŊŗŀŒľƟŏĕƟŅŒěĩŉĚĽĳŅıĸŜŅ
ĬŘŜŅŒĬĮƤěěŋĭńĬŐĸŃľŅŐĬĺĪŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬĨƞŀœĮȮĽŜŅľĶńĭ
ĭĪėĺŅĴĬňŘěŃŏĬƟĬœĮŒĬĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĔĸĻŅĽĨĶƢ
ŐĴƞĬŘŜŅőħĵŒĝƟŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĞŉŗĚĵńĚĴňĔŅĶĻŉĔļŅœĴƞĴŅĔ
ĬńĔȮ 
ĽŜŅľĶńĭŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĪňŗŒĝƟěŜŅĸŀĚĔŅĶœľĸľĬŉŗĚ

ĴŇĨŇĕŀĚĔŅĶœľĸĕŀĚĬŘŜŅŐĸŃĨŃĔŀĬŒĬĪŅĚĬŘŜŅŏĮƕħěŃĨńŘĚŀĵŌƞĭĬ
ıŊŘĬģŅĬĕŀĚĔŅĶœħƟĶńĭŀŇĪīŇıĸĪńŘĚěŅĔĔŅĶœľĸĕŀĚĬŘŜŅŐĸŃĔŅĶ
ŏėĸŊŗŀĬĨńĺĕŀĚĨŃĔŀĬĞŉŗĚĽƞĺĬŒľĠƞěŃŀĵŌƞĭĶŇŏĺĦħƟŅĬĸƞŅĚĕŀĚĶŌĮĨńħ
ĸŜŅĬŘŜŅȮĽĴĔŅĶĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢĔŅĶœľĸĕŀĚĬŘŜŅŐĸŃĨŃĔŀĬěŃĴň
ėĺŅĴėĸƟŅĵėĸŉĚĔĸƞŅĺėŊŀĽĴĔŅĶėĺŅĴĨƞŀŏĬŊŗŀĚĕŀĚĔŅĶœľĸĕŀĚĬŘŜŅȮ
ŐĸŃėĺŅĴŏĶŖĺŒĬĔŅĶŏėĸŊŗŀĬĨńĺĕŀĚŀĬŋĳŅėŒĬĸŜŅĬŘŜŅȮŐĸŃĽĴĔŅĶ
ĪĶĚĴĺĸĶŃľĺƞŅĚıĸńĚĚŅĬěĸĻŅĽĨĶƢŐĸŃĔŅĶŏėĸŊŗŀĬĨńĺĕŀĚŀĬŋĳŅėȮ
ĞŉŗĚĨƟŀĚŒĝƟĔŅĶėŜŅĬĺĦĶƞĺĴĔńĬĕŀĚėŋĦĸńĔļĦŃŏĜıŅŃĪŅĚĝĸĻŅĽĨĶƢ
ĕŀĚĸŜŅĬŘŜŅŐĸŃŀńĨĶŅĔŅĶŏėĸŊŗŀĬĨńĺĕŀĚĨŃĔŀĬȮ&Shmakova and 
Kondrat'ev, 0..6'ȮȮĬŀĔěŅĔĬňŘŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĵńĚ
ŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗĽŜŅėńĠĽŜŅľĶńĭĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶĔƞŀĨńĺĕŀĚ
ĔŅĶœľĸŒĬĸŜŅĬŘŜŅĞŉŗĚĽŅĴŅĶĩŒĝƟŐĭĭěŜŅĸŀĚħńĚĔĸƞŅĺĺŇŏėĶŅŃľƢœħƟĪńŘĚ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĨŅĴĽĩŅĬĪňŗŐĸŃŏĺĸŅĪńŘĚŒĬĔĶĦňĔŅĶœľĸĕŀĚĬŘŜŅ
ŐĸŃĨŃĔŀĬŒĬĶŃĭĭŐĴƞĬŘŜŅĞŉŗĚĴňėĺŅĴĞńĭĞƟŀĬőħĵĕƟŀĴŌĸĪňŗ
ěŜŅŏĮƦĬĨƟŀĚŒĝƟĮĶŃĔŀĭœĮħƟĺĵĕƟŀĴŌĸĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĸŜŅ

ĬŘŜŅȮĔŅĶŏĔŖĭĔńĔŒĬĪŋƞĚĬŘŜŅĪƞĺĴȮŐĸŃĽŇŗĚĮĔėĸŋĴĸŜŅĬŘŜŅȮŏĮƦĬĨƟĬȮ
&Shlychkov*0..7'Ȯ 
őħĵěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴıĭĺƞŅȮYu et al.Ȯ&0./1'ȮœħƟ

ĪŜŅĔŅĶĻŉĔļŅĩŉĚįĸĔĶŃĪĭĕŀĚĽĳŅıĔŅĶœľĸĕŀĚĬŘŜŅŐĸŃĨŃĔŀĬ
ŒĬŐĴƞĬŘŜŅȮYellow ĨŀĬĸƞŅĚȮĳŅĵľĸńĚěŅĔŅĶĽĶƟŅĚŏĕŊŗŀĬȮ
Xiaolangdi ŒĬĮƖȮė,Ļ,Ȯ0../ȮœħƟħŜŅŏĬŇĬĔŅĶŏĔŖĭĕƟŀĴŌĸĳŅėĽĬŅĴ
ĕŀĚĮĶŇĴŅĦĔŅĶœľĸŐĸŃĮĶŇĴŅĦĨŃĔŀĬĪňŗĽĩŅĬňĺńħĬŘŜŅŐĸŃĔŅĶ
ĽŜŅĶĺěĶŌĮĨńħĸŜŅĬŘŜŅŒĬĝƞĺĚĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0../ȮůȮ0./.ȮįĸĪňŗœħƟ
ıĭĺƞŅȮŐĴƞĬŘŜŅŀĵŌƞŒĬĽĩŅĬŃŏĔŇħĔŅĶĔńħŏĞŅŃŏĸŖĔĬƟŀĵȮŐĸŃįĸĔŅĶ
ĺŇŏėĶŅŃľƢěŅĔŐĭĭěŜŅĸŀĚĽŀĚĴŇĨŇıĭĺƞŅȮŐĴƞĬŘŜŅĴňĮĶŇĴŅĨĶĬŘŜŅĶŅĵĮƖ
ĮĶŃĴŅĦȮ/7,4..x106 m3ŐĸŃĴňĮĶŇĴŅĨĶĨŃĔŀĬĶŅĵĮƖŏĪƞŅĔńĭȮ
/2.-/5.x106ton ŐĸŃĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚĨŃĔŀĬľĵŅĭĮĶŃĴŅĦȮ
1Ȯkg m-3ȮŐĸŃĔŅĶĻŉĔļŅĕŀĚȮHanȮet al. &0./1'ȮœħƟĮĶŃĵŋĔĨƢŒĝƟ
ŐĭĭěŜŅĸŀĚĔŅĶœľĸŐĸŃĨŃĔŀĬľĬŉŗĚĴŇĨŇŒĬŐĴƞĬŘŜŅȮJingjiang ŐĸŃ
ĪŃŏĸĽŅĭȮDongting ĞŉŗĚŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚőėĶĚĔŅĶȮThree 
Gorges įĸĪňŗœħƟěŅĔĔŅĶėŜŅĬĺĦħƟĺĵŐĭĭěŜŅĸŀĚŒľƟŒĔĸƟŏėňĵĚĔńĭ
ėƞŅĪňŗĨĶĺěĺńħœħƟěĶŇĚȮőħĵŏĜıŅŃėƞŅĕŀĚĮĶŇĴŅĦĕŀĚĨŃĔŀĬ
ŐĕĺĬĸŀĵȮŀĵƞŅĚœĶĔŖĨŅĴȮįĸĪňŗœħƟěŅĔĔŅĶėŜŅĬĺĦħƟĺĵŐĭĭěŜŅĸŀĚ
łȮĬńŘĬěŃĕŉŘĬŀĵŌƞĔńĭĔŅĶŏĸŊŀĔŒĝƟŐĭĭěŜŅĸŀĚĵƞŀĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶ
ĺŇŏėĶŅŃľƢĮĶŇĴŅĦŐĕĺĬĸŀĵħƟĺĵȮőħĵĩƟŅŒĝƟĨƞŅĚĔńĬěŃŒľƟĪňŗĴňėĺŅĴ
ŐĨĔĨƞŅĚĔńĬœĮ 
őħĵŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘœħƟėńħŏĸŊŀĔıŊŘĬĪňŗĻŉĔļŅŏĮƦĬŐĴƞĬŘŜŅĮƙŅĽńĔ

ĨŀĬĸƞŅĚĨńŘĚŐĨƞĝƞĺĚĪƟŅĵŏĕŊŗŀĬıĶŃĶŅĴȮ4ȮěĬĩŉĚěŋħĭĶĶěĭŐĴƞĬŘŜŅ
ŏěƟŅıĶŃĵŅȮĶĺĴĶŃĵŃĪŅĚĮĶŃĴŅĦȮ3/,7ȮkmȮħńĚŐĽħĚıŊŘĬĪňŗĻŉĔļŅ
ŒĬFigure 1ȮŐĸŃėńħŏĸŊŀĔŐĭĭěŜŅĸŀĚȮMIKE11-HD ĴŅŒĝƟŒĬ
ĔŅĶĻŉĔļŅėĶńŘĚĬňŘŏıŊŗŀĻŉĔļŅĺŇŏėĶŅŃľƢĔĸĻŅĽĨĶƢŐĴƞĬŘŜŅħƟĺĵĔŅĶ
ěńħĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢȮMIKE//ȮĪńŘĚĔŅĶœľĸĶŃħńĭĨŗŜŅȮ
&Low flow) ěŅĔĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬŐĨƞĸŃěŋħŒĬŐĴƞ
ĬŘŜŅĮƙŅĽńĔȮŐĸŃĔŅĶœľĸŏĨŖĴĨĸŇŗĚĞŉŗĚĺŇŏėĶŅŃľƢœħƟěŅĔėĺŅĴěŋĸŜŅĬŘŜŅ
ĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔĨńŘĚŐĨƞħƟŅĬĪƟŅĵĬŘŜŅĕŀĚŏĕŊŗŀĬıĶŃĶŅĴľĔěĬĩŉĚěŋħ
ĭĶĶěĭŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅȮ 
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Figure 1 Study area in lower Pasak River. 

2 ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶ 

2.1 ľĸńĔĔŅĶŐĸŃĪķļĢňĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅ 

2.1.1 ľĸńĔĔŅĶĕŀĚĔĸĻŅĽĨĶƢĔŅĶĪŜŅĚŅĬĕŀĚŐĴƞĬŘŜŅ 
ĸńĔļĦŃĔŅĶĺŅĚĨńĺĕŀĚŐĴƞĬŘŜŅěŃŐĭƞĚŀŀĔœħƟŏĮƦĬȮ1ȮĝĬŇħȮėŊŀȮ

ŐĴƞĬŘŜŅŐĭĭĨĶĚȮ&Straight river)ŐĴƞĬŘŜŅŐĭĭőėƟĚĨĺńħȮ&Meander 
river) ŐĸŃŐĴƞĬŘŜŅŐĭĭīŅĶĮĶŃĽŅĬĽŅĵȮ&Braided river) ŐĴƞĬŘŜŅŒĬ
īĶĶĴĝŅĨŇĽƞĺĬŒľĠƞěŃĴňėĺŅĴőėƟĚȮőħĵėƞŅĪňŗŒĝƟĭŀĔėĺŅĴőėƟĚĕŀĚ
ŐĴƞĬŘŜŅėŊŀȮħńĝĬňėĺŅĴėħŏėňŘĵĺȮ&Sinuosity index) ĞŉŗĚŏĮƦĬėƞŅ
ĽńħĽƞĺĬĶŃľĺƞŅĚėĺŅĴĵŅĺěĶŇĚĕŀĚŐĴƞĬŘŜŅȮ(Lm)ȮĨƞŀĶŃĵŃĪŅĚĨĶĚĪňŗ
ŐĴƞĬŘŜŅěŅĔěŋħŏĶŇŗĴĨƟĬěĬĩŉĚěŋħĽŇŘĬĽŋħœľĸįƞŅĬȮ(S)ȮĞŉŗĚŐĴƞĬŘŜŅĪňŗěńħŏĮƦĬ
ŐĴƞĬŘŜŅŐĭĭĨĶĚěŃĴňħńĝĬňėĺŅĴėħŏėňŘĵĺŏĪƞŅĔńĭȮ/,.ȮĽƞĺĬŐĴƞĬŘŜŅŐĭĭ
ėħŏėňŘĵĺœĴƞĴŅĔȮěŃĴňėƞŅħńĝĬňŀĵŌƞĶŃľĺƞŅĚȮ/,.Ȯ-Ȯ/,3ȮŐĸŃŐĴƞĬŘŜŅŐĭĭ
őėƟĚĨĺńħȮěŃĴňėƞŅħńĝĬňĴŅĔĔĺƞŅȮ/,3ȮħńĚŐĽħĚŒĬ FigureȮ0 

 
Figure 2 Required variables used in analyzing the 
sinuosity index (Khatsuria, 2010). 

őħĵīĶĶĴĝŅĨŇŐĸƟĺȮėĺŅĴŏĶŖĺŐĸŃŀńĨĶŅĔŅĶœľĸĕŀĚĬŘŜŅŒĬŐĴƞĬŘŜŅ
ěŃĽńĴıńĬīƢĔńĭėĺŅĴĸŉĔȮőħĵĶƞŀĚĬŘŜŅĪňŗĸŉĔĴŅĔĪňŗĽŋħěŃĴňėĺŅĴŏĶŖĺĔŅĶ
œľĸĴŅĔĪňŗĽŋħȮŒĬĪŅĚĪķļġňŐĴƞĬŘŜŅĽŅĵĨĶĚĪňŗĴňĶŌĮĶƞŅĚĪƟŀĚĬŘŜŅŐĭĭ
ĽĴĴŅĨĶȮ&Symmetry) ĭĶŇŏĺĦĪňŗĴňėƞŅėĺŅĴŏĶŖĺĕŀĚĔŅĶœľĸĕŀĚĬŘŜŅ
ĴŅĔĪňŗĽŋħěŃŀĵŌƞĨĶĚĔĸŅĚĶƞŀĚĬŘŜŅľĶŊŀĔĸŅĚŐĴƞĬŘŜŅȮŐĸŃėĺŅĴŏĶŖĺĬňŘ
ěŃĸħĸĚœĮĪŅĚĨĸŇŗĚĪńŘĚĽŀĚĕƟŅĚȮŐĨƞőħĵīĶĶĴĝŅĨŇŐĸƟĺĔŅĶĵƟŅĵ
ĨŜŅŐľĬƞĚĶƞŀĚĬŘŜŅĸŉĔŏĔŇħĕŉŘĬœħƟŏĮƦĬĮĔĨŇȮĞŉŗĚĔŅĶĵƟŅĵĨŜŅŐľĬƞĚĴńĔĩŌĔ
ėĺĭėŋĴőħĵĽĳŅıīĶĦňĺŇĪĵŅĪňŗŐĴƞĬŘŜŅľĶŊŀĶƞŀĚĬŘŜŅœľĸįƞŅĬȮŐĴƞĬŘŜŅ
ĽŅĵŏħňĵĺĔńĬŀŅěœľĸįƞŅĬĝńŘĬľŇĬĞŉŗĚĴňľĶŊŀœĴƞĴňĝńŘĬĨŃĔŀĬĭŅĚȮŕȮŐĨƞ
ĭŅĚĨŀĬĔŖœľĸįƞŅĬĝńŘĬĨŃĔŀĬȮőħĵıĭĺƞŅŐĴƞĬŘŜŅĪňŗœľĸįƞŅĬĝńŘĬ
ĨŃĔŀĬěŃĶŅĭŏĶňĵĭĔĺƞŅĝƞĺĚĪňŗįƞŅĬĝńŘĬľŇĬȮŒĬĔĶĦňĪňŗĴňĔŅĶĵƟŅĵ
ĨŜŅŐľĬƞĚĶƞŀĚĬŘŜŅĸŉĔėĺŅĴŏĶŖĺŐĸŃŀńĨĶĔŅĶœľĸěŃĵƟŅĵĨŅĴœĮħƟĺĵ
őħĵŏĴŊŗŀĸŅĔŏĽƟĬŏĝŊŗŀĴĨƞŀĶƞŀĚĬŘŜŅĸŉĔȮ&Thalweg) ĔŖěŃœĴƞŀĵŌƞĪňŗ
ĔŉŗĚĔĸŅĚėĺŅĴĔĺƟŅĚĕŀĚŐĴƞĬŘŜŅĨĸŀħŏĺĸŅȮŐĨƞěŃŏėĸŊŗŀĬĵƟŅĵ
ĨŜŅŐľĬƞĚěŅĔİƤƧĚľĬŉŗĚĕŀĚŐĴƞĬŘŜŅœĮŀňĔİƤƧĚľĬŉŗĚĨĸŀħŏĺĸŅĪŜŅŒľƟŏĔŇħ
ĔŅĶőėƟĚĨĺńħħńĚŐĽħĚŒĬ FigureȮ1 

 
Figure 1 The relationship between the discharge 
velocity and the thalweg (USGS, 2015). 

2.1.2 ĪķļĢňĕŀĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢȮMIKE11-HD 
ľĸńĔĔŅĶĽŜŅėńĠŒĬĔŅĶėŜŅĬĺĦĪŅĚĝĸĻŅĽĨĶƢĕŀĚĔŅĶœľĸŒĬĸŜŅ

ĬŘŜŅĴňĪķļĢňĪňŗĽŜŅėńĠȮėŊŀȮ/'ȮĔġĪĶĚĴĺĸȮőħĵĵŉħľĸńĔĺƞŅħƟĺĵĔŅĶœĴƞ
ĽŌĠĽĸŅĵľĶŊŀľŅĵœĮĕŀĚĴĺĸĬŘŜŅȮŐĸŃȮ0'ȮĔġĕŀĚŐĶĚĔĶŃĪŜŅȮőħĵ
ľŅĔĴňŐĶĚĔĶŃĪŜŅĪňŗœĴƞĽĴħŋĸěŃĔƞŀŒľƟŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗȮĽŅĴŅĶĩ
ŏĕňĵĬŏĮƦĬĽĴĔŅĶĪŅĚėĦŇĨĻŅĽĨĶƢœħƟħńĚĬňŘ 
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ŏĴŊŗŀ 
Q  =  ĮĶŇĴŅĦĔŅĶœľĸȮ&m3 s-1' 
A  =  ıŊŘĬĪňŗľĬƟŅĨńħĸŜŅĬŘŜŅĕŀĚěŋħĪňŗėŜŅĬĺĦĔŅĶœľĸȮ&m2' 
t  =  ŏĺĸŅȮ&s' 
x  =  ĶŃĵŃĪŅĚȮ&m' 
B  =  ėĺŅĴĔĺƟŅĚĕŀĚĸŜŅĬŘŜŅȮ&m' 
g  =  ŀńĨĶŅŏĶƞĚŏĬŊŗŀĚěŅĔŐĶĚőĬƟĴĩƞĺĚȮ&m s-2' 

f
S  =  ėĺŅĴŏĽňĵħĪŅĬĸŜŅĬŘŜŅ 

o
S  ;ėĺŅĴĸŅħŏŀňĵĚĕŀĚĪƟŀĚĬŘŜŅ 
ĽĴĔŅĶĪńŘĚȮ0ȮĕƟŅĚĨƟĬŏĮƦĬŐĭĭȮNon-linear Second Order 

Partial Differential Equation ĪňŗœĴƞĽŅĴŅĶĩŐĔƟĽĴĔŅĶœħƟ
őħĵĨĶĚȮěŉĚěŜŅŏĮƦĬĨƟŀĚŒĝƟĺŇīňĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮ&Numerical 
analysis) ŐĸŃȮFinite Difference Method ŒĬĔŅĶıŇĽŌěĬƢ
ĽĴĔŅĶĬňŘŐĪĬőħĵŏĸŊŀĔėƞŅȮTime step ŒĬĔŅĶėŜŅĬĺĦĪňŗŏľĴŅŃĽĴȮ
ŏıŊŗŀŒľƟŐĭĭěŜŅĸŀĚĴňŏĽĩňĵĶĳŅıȮ&Stability) ıĭĺƞŅȮĔŅĶĨńŘĚėƞŅȮ
Time step ĕĬŅħŏĸŖĔĴŅĔŏĪƞŅŒħȮĵŇŗĚĽƞĚįĸŒľƟŐĭĭěŜŅĸŀĚĴň
ŏĽĩňĵĶĳŅıĴŅĔĕŉŘĬŏĪƞŅĬńŘĬȮŐĨƞěŃŒĝƟŏĺĸŅŒĬĔŅĶėŜŅĬĺĦĬŅĬĴŅĔ
ĕŉŘĬħƟĺĵŏĝƞĬĔńĬ 

2.2 ĕńŘĬĨŀĬĔŅĶĻŉĔļŅ 
ĺŇīňĔŅĶĻŉĔļŅŒĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚŀŋĪĔıĸĻŅĽĨĶƢȮMIKE11 

(Figure 4) ĮĶŃĔŀĭħƟĺĵȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸıŊŘĬģŅĬĪŅĚĝĸ
ĻŅĽĨĶƢȮĔŅĶěńħĪŜŅŐĭĭěŜŅĸŀĚȮĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢ
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Figure 4 The methodology of MIKE11-hydrodynamic 
model application. 
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1) ĔŅĶěńħĪŜŅŐĭĭěŜŅĸŀĚŀŋĪĔıĸĻŅĽĨĶƢȮMIKE11 
ŏĶŇŗĴěŅĔĔŅĶĽŜŅĶĺěĕƟŀĴŌĸĶƞŀĚĬŘŜŅŐĸŃŐĬĺĨĸŇŗĚĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔ

ŐĸŃŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅŒĬıŊŘĬĪňŗĻŉĔļŅĝƞĺĚĶŃľĺƞŅĚŏħŊŀĬīńĬĺŅėĴȮ
0334ȮěĬĩŉĚŏħŊŀĬĴĔĶŅėĴȮ0336ȮőħĵŐĴƞĬŘŜŅĮƙŅĽńĔŏĶŇŗĴĨńŘĚŐĨƞĪƟŅĵ
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ĶŌĮĨńħȮŏĮƦĬĶŃĵŃĪŅĚĶĺĴĪńŘĚĽŇŘĬȮ6,6ȮkmȮőħĵĪńŘĚĽŀĚŐĴƞĬŘŜŅĴň
ĶŃĵŃľƞŅĚĶŃľĺƞŅĚĶŌĮĨńħĮĶŃĴŅĦĪŋĔŕȮ3.ȮmȮĨƞŀĴŅœħƟĬŜŅŏĕƟŅ
ĕƟŀĴŌĸĶŌĮĨńħĸŜŅĬŘŜŅŏĕƟŅĽŌƞģŅĬĕƟŀĴŌĸĕŀĚŐĭĭěŜŅĸŀĚȮMIKE11ȮıĶƟŀĴ
ĪńŘĚœħƟŐĽħĚŐįĬĪňŗĶŃĭĭŐĴƞĬŘŜŅĪňŗĽĶƟŅĚŒĬŐĭĭěŜŅĸŀĚłŒĬFigureȮ3 

2) ĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚŀŋĪĔıĸĻŅĽĨĶƢȮ
MIKE// 
ĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚŀŋĪĔıĸĻŅĽĨĶƢȮ

MIKE// ĬńŘĬĴňıŅĶŅĴŇŏĨŀĶƢĪňŗŒĝƟŒĬĔŅĶĮĶńĭŏĪňĵĭłŏıňĵĚĨńĺŏħňĵĺȮ
ėŊŀȮėƞŅĽńĴĮĶŃĽŇĪīŇśėĺŅĴĕĶŋĕĶŃĸŜŅĬŘŜŅȮľĶŊŀȮK_llgleŲqȮlȮĞŉŗĚėƞŅ
ĽńĴĮĶŃĽŇĪīŇśȮK_llgleŲlȮěŃŐĽħĚĩŉĚėĺŅĴŏĽňĵħĪŅĬĨƞŀĔŅĶœľĸ
ĕŀĚĬŘŜŅŒĬĪŅĚĬŘŜŅŏĮƕħȮőħĵėƞŅȮK_llgleŲlȮŒĬĪŅĚĬŘŜŅŏĮƕħĕŀĚĪŅĚ
ĬŘŜŅīĶĶĴĝŅĨŇőħĵĪńŗĺœĮŐĸƟĺěŃĴňėƞŅŀĵŌƞĶŃľĺƞŅĚȮ.,./Ȯ-Ȯ.,.3ȮŐĸŃ
ėƞŅȮK_llgleŲlȮŒĬėĸŀĚĽƞĚĬŘŜŅħŅħėŀĬĔĶňĨěŃĴňėƞŅŀĵŌƞĶŃľĺƞŅĚȮ
.,./1Ȯ-Ȯ.,./3ȮĽŜŅľĶńĭĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢ
ŐĭĭěŜŅĸŀĚłȮŒĬŐĴƞĬŘŜŅĮƙŅĽńĔĨŀĬĸƞŅĚŐĭƞĚŏĮƦĬȮ0ȮĕńŘĬĨŀĬȮėŊŀȮ/'Ȯ
ĔŅĶĮĶńĭŏĪňĵĭłőħĵŒĝƟĔŅĶœľĸŐĭĭȮSteady state ŐĸŃȮ0'ȮĔŅĶ
ĮĶńĭŏĪňĵĭłȮőħĵŒĝƟĕƟŀĴŌĸŏľĨŋĔŅĶĦƢŒĬŀħňĨ (Historical event) 
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FigureȮ3 The positions of river cross section in MIKE11 
model database. 

2.1) ĔŅĶĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚłőħĵŒĝƟĔŅĶœľĸŐĭĭȮSteady 
state 
ĔŅĶĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚȮMIKE//őħĵŒĝƟĔŅĶœľĸŐĭĭȮ

Steady stateȮěŃħŜŅŏĬŇĬĔŅĶőħĵıŇěŅĶĦŅĪňŗĽĩŅĬňĺńħĬŘŜŅĪƞŅĪňŗ
ĨńŘĚŀĵŌƞŒĬĸŜŅĬŘŜŅĽŅĵľĸńĔȮŐĸŃĴňĶŌĮĨńħĨĶĚĔńĭĶŌĮĨńħĪňŗŀĵŌƞŒĬ
ŐĭĭěŜŅĸŀĚȮMIKE//ȮĞŉŗĚěŅĔĔŅĶıŇěŅĶĦŅıĭĺƞŅĴňĽĩŅĬňĺńħĬŘŜŅĪƞŅ
ŒĬŐĴƞĬŘŜŅĮƙŅĽńĔȮěŜŅĬĺĬȮ0ȮĽĩŅĬňȮėŊŀȮĽĩŅĬňĺńħĬŘŜŅĪƞŅȮS.26ȮŐĸŃȮ
S.5ȮĕŀĚĔĶĴĝĸĮĶŃĪŅĬȮŐĸŃŒĬŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅȮěŜŅĬĺĬȮ/Ȯ
ĽĩŅĬňȮėŊŀȮĽĩŅĬňĺńħĬŘŜŅĪƞŅȮC.35 ĕŀĚĔĶĴĝĸĮĶŃĪŅĬȮőħĵ
ĔŜŅľĬħŒľƟĶŌĮĨńħŐĶĔŀĵŌƞĪňŗĭĶŇŏĺĦħƟŅĬĪƟŅĵĬŘŜŅĕŀĚŏĕŊŗŀĬıĶŃĶŅĴľĔȮ
ŏĮƦĬĕŀĭŏĕĨħƟŅĬŏľĬŊŀĬŘŜŅĕŀĚŐĭĭěŜŅĸŀĚŒĬŐĴƞĬŘŜŅĮƙŅĽńĔȮŐĸŃĶŌĮ
ĨńħĭĶŇŏĺĦĽĩŅĬňȮC.35 ŏĮƦĬĕŀĭŏĕĨħƟŅĬŏľĬŊŀĬŘŜŅĕŀĚŐĭĭěŜŅĸŀĚ
ŒĬŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅȮĽƞĺĬĕŀĭŏĕĨħƟŅĬĪƟŅĵĬŘŜŅĕŀĚŐĭĭěŜŅĸŀĚŒĝƟ
ĕƟŀĴŌĸőėƟĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĶŃħńĭĬŘŜŅĔńĭĮĶŇĴŅĦĔŅĶœľĸȮ
&Rating curves) ĪňŗĽĩŅĬňȮC.29A őħĵĕƟŀĴŌĸĪňŗŒĝƟŐĸŃĕńŘĬĨŀĬŒĬ
ĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚȮMIKE//ĴňħńĚĬňŘ 
&/'ȮĪŜŅĔŅĶĺŇŏėĶŅŃľƢľŅȮRating curves ĨńĺŐĪĬĕŀĚĽĩŅĬňĺńħ

ĬŘŜŅĪƞŅĪńŘĚĽŅĴĽĩŅĬň (S.26, S.5 ŐĸŃ C.29A)ȮĞŉŗĚœħƟěŅĔĔŅĶ
ĶĺĭĶĺĴĕƟŀĴŌĸįĸĔŅĶĽŜŅĶĺěőėƟĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮĶŇĴŅĦĔŅĶ
œľĸŐĸŃĶŃħńĭĬŘŜŅȮĨńŘĚŐĨƞĮƖȮı,Ļ,033.ȮĩŉĚĮƖȮı,Ļ,Ȯ0334Ȯ 
&0'ȮĽĴĴĨŇėƞŅĮĶŇĴŅĦĔŅĶœľĸĪňŗĕŀĭŏĕĨħƟŅĬŏľĬŊŀĬŘŜŅȮ&Upper 

boundary) ŒľƟĴňėƞŅėĚĪňŗȮ&Steady state) ĞŉŗĚĴňĕĬŅħŏĪƞŅĔńĭ
ĮĶŇĴŅĦĔŅĶœľĸĽŌĚĽŋħŏĪƞŅĔńĭĮĶŇĴŅĦĬŘŜŅĬŀĚĽŌĚĽŋħĕŀĚĸŜŅĬŘŜŅȮŒĬ
ŐĴƞĬŘŜŅĮƙŅĽńĔȮŒĝƟĝƞĺĚĶŃľĺƞŅĚȮ3-0*...Ȯm3 s-1 ŐĸŃŒĬŐĴƞĬŘŜŅ
ŏěƟŅıĶŃĵŅȮŒĝƟĝƞĺĚĶŃľĺƞŅĚȮ3-1*...Ȯm3 s-1 
&1'ȮĬŜŅėƞŅĶŃħńĭĬŘŜŅĪňŗėŜŅĬĺĦœħƟěŅĔŐĭĭěŜŅĸŀĚłȮŐĸŃĮĶŇĴŅĦ

ĔŅĶœľĸĪňŗĽńĴıńĬīƢĔńĬœĮıĸƠŀĨĸĚŒĬȮRating curves ŏıŊŗŀ
ŏĮĶňĵĭŏĪňĵĭįĸĔńĭȮRating curves ĪňŗœħƟěŅĔĔŅĶĽŜŅĶĺěłȮőħĵěŃ
ĮĶńĭėƞŅĽńĴĮĶŃĽŇĪīŇśėĺŅĴĕĶŋĕĶŃȮ&Manning number) ĪńŘĚŒĬĸŜŅ
ĬŘŜŅȮ&Channel) ŐĸŃĪŋƞĚĬŘŜŅĪƞĺĴȮ&Flood plain) őħĵĪħĸŀĚŐĭĭȮ

Trial and Error ŏıŊŗŀľŅėƞŅıŅĶŅĴŇŏĨŀĶƢȮK_llgleŲqȮ lȮĪňŗ
ŏľĴŅŃĽĴȮěĬĔĺƞŅěŃĪŜŅŒľƟėƞŅĶŃħńĭĬŘŜŅĪňŗėŜŅĬĺĦœħƟěŅĔ
ŐĭĭěŜŅĸŀĚłȮŏĕƟŅĔńĬħňĔńĭȮRating curves ĪňŗĨĶĺěĺńħěĶŇĚȮěŉĚěŃ
ŏĮƦĬįĸĪňŗĵŀĴĶńĭœħƟȮ 

2.2) ĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚłőħĵŒĝƟĕƟŀĴŌĸ
ŏľĨŋĔŅĶĦƢŒĬŀħňĨȮ&Historical event) 
ľĸńĚěŅĔœħƟĪŜŅĔŅĶĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚȮMIKE//őħĵŒĝƟĔŅĶ

œľĸŐĭĭȮSteady state œĮŐĸƟĺȮěŉĚœħƟĬŜŅŐĭĭěŜŅĸŀĚħńĚĔĸƞŅĺĴŅ
ŒĝƟĮĶńĭŏĪňĵĭłĔńĭŏľĨŋĔŅĶĦƢŒĬŀħňĨȮ&Historical event) ŏıŊŗŀ
ĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚĕŀĚėƞŅĽńĴĮĶŃĽŇĪīŇśėĺŅĴĕĶŋĕĶŃĸŜŅĬŘŜŅĪňŗ
ĮĶńĭŏĪňĵĭĴŅœħƟȮőħĵıŇěŅĶĦŅŒĝƟĝƞĺĚĪňŗĴňĕƟŀĴŌĸėƞŀĬĕƟŅĚŒĔĸƟŏėňĵĚ
ĔńĭĕƟŀĴŌĸĶŌĮĨńħĸŜŅĬŘŜŅĪňŗĽŜŅĶĺěĴŅĞŉŗĚœħƟŐĔƞȮŏľĨŋĔŅĶĦƢĝƞĺĚĶŃľĺƞŅĚ
ĺńĬĪňŗȮ/ȮŏĴļŅĵĬȮ0333ȮĩŉĚĺńĬĪňŗȮ1/ȮĴňĬŅėĴȮ0334ŏĮƦĬĝƞĺĚĔŅĶ
ĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚłȮŐĸŃŏľĨŋĔŅĶĦƢĝƞĺĚĶŃľĺƞŅĚĺńĬĪňŗȮ/Ȯ
ŏĴļŅĵĬȮ0334ȮĩŉĚĺńĬĪňŗȮ1/ȮĴňĬŅėĴȮ0335ȮŏĮƦĬĝƞĺĚĔŅĶĨĶĺě
ıŇĽŌěĬƢŐĭĭěŜŅĸŀĚłȮőħĵŐĴƞĬŘŜŅĮƙŅĽńĔĔŜŅľĬħĕŀĭŏĕĨħƟŅĬŏľĬŊŀĬŘŜŅȮ
ŏĮƦĬĮĶŇĴŅĦĔŅĶœľĸĶŅĵĺńĬĪňŗĽĩŅĬňȮS.26 ĪňŗŀŜŅŏĳŀĪƞŅŏĶŊŀȮěńĚľĺńħ
ıĶŃĬėĶĻĶňŀĵŋīĵŅŐĸŃŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅĔŜŅľĬħĕŀĭŏĕĨħƟŅĬ
ŏľĬŊŀĬŘŜŅŏĮƦĬĮĶŇĴŅĦĔŅĶœľĸĶŅĵĺńĬĪňŗĽĩŅĬňȮC.33ȮŐĸŃĕŀĭŏĕĨ
ħƟŅĬĪƟŅĵĬŘŜŅȮėŊŀȮRating curves ĪňŗĽĩŅĬňȮC.07A ĽƞĺĬĔŅĶœľĸŏĕƟŅ
ħƟŅĬĕƟŅĚȮ(Lateral flow) ěŃœħƟěŅĔĔŅĶėŜŅĬĺĦĵƟŀĬĔĸńĭĕŀĚ
ĕƟŀĴŌĸĔŅĶĨĶĺěĺńħĪňŗĽĩŅĬňȮS.26ȮŐĸŃĽĩŅĬňȮS.5 
ĔŅĶıŇěŅĶĦŅįĸĔŅĶĮĶńĭŏĪňĵĭłȮěŃŒĝƟėƞŅĶŃħńĭĬŘŜŅĪňŗėŜŅĬĺĦ

œħƟěŅĔŐĭĭěŜŅĸŀĚłȮĴŅŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅĶŃħńĭĬŘŜŅĪňŗĨĶĺěĺńħœħƟ
ěĶŇĚĪňŗĽĩŅĬňĬėĶľĸĺĚĕŀĚĔĶĴŏěƟŅĪƞŅȮĞŉŗĚĨńŘĚŀĵŌƞĪňŗȮĔĴ,/4)43.Ȯ
ěŅĔĮŅĔŐĴƞĬŘŜŅĮƙŅĽńĔȮőħĵĔŜŅľĬħėƞŅħńĝĬňĪŅĚĽĩŇĨŇŒĬĔŅĶıŇěŅĶĦŅȮ
0ȮħńĝĬňȮœħƟŐĔƞȮėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĪīƢȮ(R2) ŐĸŃėƞŅȮRoot 
Mean Square Error (RMSE) őħĵėƞŅȮR2ĨƟŀĚĴňėƞŅĴŅĔĔĺƞŅȮ.,4Ȯ
ŐĸŃėƞŅȮRMSE ĨƟŀĚĴňėƞŅĬƟŀĵĪňŗĽŋħȮěŉĚěŃŏĮƦĬĪňŗĵŀĴĶńĭėƞŅ
ĽńĴĮĶŃĽŇĪīŇśėĺŅĴĕĶŋĕĶŃĸŜŅĬŘŜŅĪňŗœħƟ 

3) ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬŐĨƞĸŃěŋħŒĬŐĴƞĬŘŜŅĮƙŅĽńĔ 
ľĸńĚěŅĔœħƟŐĭĭěŜŅĸŀĚĪňŗįƞŅĬĔŅĶĮĶńĭŏĪňĵĭłŐĸƟĺȮěŃĩŌĔ

ĬŜŅĴŅŒĝƟŒĬĔŅĶľŅėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬŐĨƞĸŃěŋħŒĬŐĴƞĬŘŜŅĮƙŅĽńĔħƟĺĵ
ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĔĸĻŅĽĨĶƢŐĴƞĬŘŜŅŏıŊŗŀĮĶŃĽŇĪīŇĳŅıĔŅĶœľĸ
ŒĬĝƞĺĚĬŘŜŅĨŗŜŅŒĬŐĨƞĸŃĝƞĺĚĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔȮőħĵėƞŅĪňŗėŜŅĬĺĦ
œħƟěŅĔŐĭĭěŜŅĸŀĚłȮěŃŏĮƦĬėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħĪňŗŐĨƞĸŃĶŌĮĨńħŒĬ
ĪŋĔŕȮ50 mȮěŜŅĬĺĬĪńŘĚĽŇŘĬȮ/*.17ȮĶŌĮĨńħȮĽŜŅľĶńĭŐĭĭěŜŅĸŀĚłœħƟ
ĩŌĔěńħŏĨĶňĵĴőħĵŏĸŊŀĔŒĝƟĕƟŀĴŌĸĬŜŅŏĕƟŅĵƟŀĬľĸńĚȮ5ȮĮƖľĸńĚĽŋħĨńŘĚŐĨƞ
ĺńĬĪňŗȮ/ȮŏĴļŅĵĬȮı,Ļ,Ȯ033.ȮěĬĩŉĚĺńĬĪňŗȮ1/ȮĴňĬŅėĴȮ0335ȮŏıŊŗŀ
ĺŇŏėĶŅŃľƢľŅėƞŅėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŏıňĵĚėƞŅŏħňĵĺŒĬŐĨƞĸŃĶŌĮĨńħŒĬ
ĶŀĭȮ5ȮĮƖľĸńĚĽŋħ 

4) ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴěŋĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔ 
ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴěŋĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔőħĵœħƟĬŜŅŐĭĭěŜŅĸŀĚ

ħńĚĔĸƞŅĺĴŅĮĶŃĵŋĔĨƢŒĝƟőħĵıŇěŅĶĦŅŐĭƞĚĝƞĺĚĸŜŅĬŘŜŅŀŀĔŏĮƦĬȮ4Ȯ
ĝƞĺĚŕȮĸŃȮ/.ȮkmȮőħĵĔŜŅľĬħŒľƟŐĭĭěŜŅĸŀĚĪŜŅĔŅĶĺŇŏėĶŅŃľƢ
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ŀńĨĶŅĔŅĶœľĸŒĬŐĨƞĸŃĶŌĮĨńħĕĺŅĚĸŜŅĬŘŜŅŏĴŊŗŀĴňĶŃħńĭĬŘŜŅĽŌĚŏĪƞŅĔńĭ
ėƞŅĶŃħńĭĨĸŇŗĚĨńĺŐĪĬĪňŗĨŗŜŅĔĺƞŅĶŃľĺƞŅĚėƞŅĶŃħńĭĕŀĚĨĸŇŗĚİƤƧĚĞƟŅĵľĶŊŀ
ĨĸŇŗĚİƤƧĚĕĺŅȮŏıŊŗŀĺŇŏėĶŅŃľƢĮĶŃĽŇĪīŇĳŅıĔŅĶœľĸŐĭĭĬŘŜŅŏĨŖĴĨĸŇŗĚȮ 

3 įĸŐĸŃĺŇěŅĶĦƢ 

3.1 įĸĔŅĶĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚłȮěŅĔĔŅĶĽĴĴŋĨŇŒľƟĴňĔŅĶœľĸ
ŐĭĭȮSteady state 
œħƟŐĽħĚįĸŒĬĶŌĮ Rating curves ĽŜŅľĶńĭĽĩŅĬňĺńħĬŘŜŅĪƞŅĪńŘĚ

ĽŀĚŐľƞĚŒĬŐĴƞĬŘŜŅĮƙŅĽńĔŒĬ FigureȮ4ȮĩŉĚ FigureȮ5ȮĨŅĴĸŜŅħńĭȮĞŉŗĚ

ıĭĺƞŅȮRating curves ŐĨƞĸŃĽĩŅĬňĴňėĺŅĴįńĬŐĮĶėƞŀĬĕƟŅĚĴŅĔȮ
ĞŉŗĚĬƞŅěŃĴŅěŅĔĽŅŏľĨŋĪňŗĴňĔŅĶĕŋħĸŀĔľĶŊŀĮĶńĭĮĶŋĚŐĴƞĬŘŜŅĮƙŅĽńĔŀĵŌƞ
ĭƞŀĵėĶńŘĚŒĬĶŀĭľĸŅĵĮƖĪňŗįƞŅĬĴŅȮŐĸŃŐĽħĚėƞŅĽńĴĮĶŃĽŇĪīŇśėĺŅĴ
ĕĶŋĕĶŃȮ&K_llgleŲl'ȮĪňŗœħƟěŅĔĔŅĶĮĶńĭŏĪňĵĭłȮŒĬ TableȮ/ 

 

Table 1 Calibrated K_llgleŲlȮpmseflcqq`wȮMIKE11 model. 
River Name River Portion K_llgleŲl 

River channel of Pasak Start from the downstream portion of Rama VI Dam to the 
confluence of Chao Phraya river 

.,.23 ů 0.026 
Flood plain of Pasak .,053 

River channel of Chao Phraya Start fromȮC.35 Runoff Station to the confluence of Pasak 
river 

.,.11 
Flood plain of Chao Phraya .,067 

 

 
Figure 4 The result of calibration of MIKE//modelin 
Pasak River byrating curves at S.26. 

 
FigureȮ5 The result of calibration of MIKE//model in 
Pasak River byrating curves at S.5. 

3.2 įĸĔŅĶĮĶńĭŏĪňĵĭŐĭĭěŜŅĸŀĚłȮőħĵŒĝƟĕƟŀĴŌĸŏľĨŋĔŅĶĦƢŒĬ
ŀħňĨȮ(Historical event) 
įĸĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚłȮĕŀĚ

ŏľĨŋĔŅĶĦƢĝƞĺĚĶŃľĺƞŅĚĺńĬĪňŗȮ/ȮŏĴļŅĵĬȮ0333ȮĩŉĚĺńĬĪňŗȮ1/ȮĴňĬŅėĴȮ
0334ȮŐĸŃĝƞĺĚĶŃľĺƞŅĚĺńĬĪňŗȮ/ȮŏĴļŅĵĬȮ0334ȮĩŉĚĺńĬĪňŗȮ1/Ȯ
ĴňĬŅėĴȮ0335ȮıĭĺƞŅȮėƞŅȮR2ȮĴňėƞŅŏĪƞŅĔńĭȮ.,63ȮŐĸŃȮ.,69Ȯ 
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ĨŅĴĸŜŅħńĭĽƞĺĬėƞŅȮRMSEȮĴňėƞŅŏĪƞŅĔńĭȮ.,40ȮŐĸŃȮ.,41mȮĞŉŗĚ
įƞŅĬŏĔĦĤƢĔŅĶĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢŐĭĭěŜŅĸŀĚłȮŐĸŃ
ĽŅĴŅĶĩĬŜŅŐĭĭěŜŅĸŀĚĬňŘœĮĮĶŃĵŋĔĨƢŒĝƟĚŅĬœħƟĨƞŀœĮȮőħĵŐĽħĚ

ĔĶŅĲĮĶńĭŏĪňĵĭŐĸŃĨĶĺěıŇĽŌěĬƢĶŃħńĭĬŘŜŅĪňŗĽĩŅĬňĬėĶľĸĺĚŐĽħĚ
œħƟħńĚ FigureȮ6ȮŐĸŃFigureȮ7ȮĨŅĴĸŜŅħńĭ 

 
FigureȮ6 The model calibration result at Nakhon Luang Station in the period of year 2012. 

 
Figure 9 The model verification result at Nakhon Luang Station in the period of year 2013. 

 

3.3 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬŐĨƞĸŃěŋħŒĬŐĴƞĬŘŜŅĮƙŅĽńĔ 
įĸĔŅĶĺŇŏėĶŅŃľƢĶŃħńĭĬŘŜŅĨŗŜŅĽŋħȮĶĺĴĪńŘĚĶŃħńĭĬŘŜŅĽŌĚĽŋħŒĬĶŀĭ

ŏěŖħĮƖĬŘŜŅľĸńĚĽŋħȮ&033.-0334'ȮěŅĔŐĭĭěŜŅĸŀĚłȮĽŅĴŅĶĩŐĽħĚ
ŏĮƦĬĶŌĮĨńħĨŅĴŐĬĺĵŅĺĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔ Figure10Ȯőħĵ
ŐĽħĚėƞŅĕŀĚĶŃħńĭĨĸŇŗĚİƤƧĚĞƟŅĵȮ&Left bank) ĶŃħńĭĨĸŇŗĚİƤƧĚĕĺŅȮ
&Right bank) ŐĸŃĶŃħńĭĪƟŀĚĬŘŜŅȮ&River bed) ĨĸŀħėĺŅĴĵŅĺ
ĕŀĚĸŜŅĬŘŜŅȮŐĸŃŏĴŊŗŀĬŜŅĴŅĺŇŏėĶŅŃľƢėƞŅĶŃħńĭėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬŐĨƞ
ĸŃĶŌĮĨńħȮľĶŊŀŏĶňĵĔĺƞŅėĺŅĴĸŉĔĶƞŀĚĬŘŜŅȮőħĵıŇěŅĶĦŅěŅĔįĸĨƞŅĚ
ĶŃľĺƞŅĚĶŃħńĭĪƟŀĚĬŘŜŅĔńĭĶŃħńĭĬŘŜŅĨŗŜŅĽŋħĪňŗėŜŅĬĺĦœħƟěŅĔ
ŐĭĭěŜŅĸŀĚłŒĬŐĨƞĸŃľĬƟŅĨńħȮıĭĺƞŅȮĶŃħńĭėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬ

ĶŀĭľƟŅĮƖľĸńĚĽŋħŒĬŐĨƞĸŃěŋħŒĬŐĴƞĬŘŜŅĮƙŅĽńĔěŃĴňėƞŅŀĵŌƞŒĬĝƞĺĚ
ĮĶŃĴŅĦȮ0,.-/4,.ȮmȮŐĸŃĽŅĴŅĶĩĽĶŋĮėƞŅĶŃħńĭėĺŅĴĸŉĔĬŘŜŅ
ĨŗŜŅĽŋħœħƟ TableȮ0ȮŐĸŃŐĽħĚŏĮƦĬŐįĬĪňŗĨŜŅŐľĬƞĚĕŀĚěŋħĪňŗĴňĶŃħńĭ
ėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħĨƞŅĚŕĔńĬœħƟ Figure 11ȮĞŉŗĚıĭĺƞŅȮŐĴƞĬŘŜŅĮƙŅĽńĔ
ĝƞĺĚĨńŘĚŐĨƞħƟŅĬĪƟŅĵĬŘŜŅŏĕŊŗŀĬıĶŃĶŅĴľĔĸĚĴŅěĬĩŉĚěŋħĭĶĶěĭ
ŐĴƞĬŘŜŅŏěƟŅıĶŃĵŅĪňŗĴňĶŃħńĭėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħĪňŗĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ
2,7ȮmȮőħĵĴŅĔěŃŀĵŌƞĭĶŇŏĺĦĨńŘĚŐĨƞȮĔĴ,ĪňŗȮ1.)...ȮĕŉŘĬœĮěĬĩŉĚȮ
ĔĴ,ĪňŗȮ3/)7..ȮĭĶŇŏĺĦŏĕŊŗŀĬıĶŃĶŅĴľĔȮőħĵėŇħŏĮƦĬĶŃĵŃĪŅĚ
ĽŃĽĴĮĶŃĴŅĦȮ04,43ȮkmȮŀĵƞŅĚœĶĔŖĨŅĴěŜŅŏĮƦĬĨƟŀĚıŇěŅĶĦŅ
ĶƞĺĴĔńĭĮƤěěńĵħƟŅĬŀŊŗĬĪňŗěŃŏĮƦĬŀŋĮĽĶĶėŒĬĔŅĶœľĸĶŃħńĭĨŗŜŅĞŉŗĚ
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œħƟŐĔƞėĺŅĴĔĺƟŅĚĕŀĚĸŜŅĬŘŜŅħƟĺĵȮőħĵĩŉĚŐĴƟěŃĴňėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħĪňŗ
ĴňėƞŅĴŅĔĔĺƞŅȮ2,7ȮmȮŐĨƞĩƟŅıĭĺƞŅėĺŅĴĔĺƟŅĚĕŀĚĸŜŅĬŘŜŅœĴƞĴŅĔıŀĔŖ

ĵńĚěŃŏĮƦĬŀŋĮĽĶĶėĨƞŀĔŅĶœľĸŏĝƞĬĔńĬ 

TableȮ0 The lowest depth values analyzed by MIKE11 Model from 2007 to 2013. 
ėƞŅĶŃħńĭėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħ ěŜŅĬĺĬȮ&ĶŌĮĨńħ' ĶŃĵŃĪŅĚĽŃĽĴőħĵĮĶŃĴŅĦȮ&km' 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ0,.-0,7Ȯm 5 0.35 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ1,.-1,7Ȯm /.1 5.15 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ2,.-2,7Ȯm 201 21.15 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ3,.-3,7Ȯm 070 14.60 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ4,.-4,7Ȯm /0. 6.00 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅȮ5,.-5,7Ȯm 22 2.20 
ĝƞĺĚėĺŅĴĸŉĔĬŘŜŅĴŅĔĔĺƞŅȮ6,.Ȯm 3. 2.50 

 

 
Figure 10 The lowest and the highest water level of Pasak River longitudinal section from 2007 to 2013. 
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FigureȮ/1 Mapof the lowest depth points in Pasak River 
from KM.Ȯ.)...Ȯto KM.Ȯ3/)90.. 

3.4 įĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴěŋĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔ 
įĸĔŅĶĻŉĔļŅĺŇŏėĶŅŃľƢėĺŅĴěŋĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔĪńŘĚȮ4ȮĝƞĺĚ

ĸŜŅĬŘŜŅŐĽħĚœħƟ TableȮ1ȮĞŉŗĚıĭĺƞŅȮŐĴƞĬŘŜŅĮƙŅĽńĔĨŀĬĸƞŅĚěŃĴňėĺŅĴ
ěŋĸŜŅĬŘŜŅŀĵŌƞŒĬĝƞĺĚȮ3/5,42 ů 1,029.31m3 s-1ȮŐĸŃĴňėƞŅŏĜĸňŗĵ
ĮĶŃĴŅĦȮ811.m3 s-1ȮőħĵĝƞĺĚĸŜŅĬŘŜŅĕŀĚŐĴƞĬŘŜŅĮƙŅĽńĔĪňŗĴňėĺŅĴěŋĸŜŅ
ĬŘŜŅĬƟŀĵĪňŗĽŋħȮėŊŀȮĝƞĺĚĔĴ,ĪňŗȮ0.)...ȮĩŉĚȮĔĴ,ĪňŗȮ1.)...ȮėŇħŏĮƦĬȮ
3/5,42Ȯm3 s-1ȮĶŀĚĸĚĴŅœħƟŐĔƞȮĝƞĺĚĔĴ,ĪňŗȮ/.)...ȮĩŉĚȮĔĴ,ĪňŗȮ
0.)...ȮŐĸŃȮĔĴ,ĪňŗȮ1.)...ȮĩŉĚȮĔĴ,ĪňŗȮ2.)...ȮĨŅĴĸŜŅħńĭȮĞŉŗĚ
įĸĔŅĶĻŉĔļŅėĺŅĴěŋĸŜŅĬŘŜŅŒĬľńĺĕƟŀĬňŘĴňėĺŅĴŐĨĔĨƞŅĚěŅĔįĸĔŅĶ
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ĞŉŗĚěŃŀĵŌƞĭĶŇŏĺĦĨńŘĚŐĨƞȮĔĴ,ĪňŗȮ1.)...ȮĕŉŘĬœĮěĬĩŉĚȮĔĴ,ĪňŗȮ3/)7..Ȯ 

TableȮ1 The capacity of Pasak River analyzed by MIKE11 model. 
Pasak River Average River Capacity &m3 s-1' 

-ȮKM, .)...Ȯ&Confluence of Chao Phraya river'Ȯto KM.Ȯ/.)... 816.46 
-ȮKM.Ȯ/.)...Ȯto KM.Ȯ0.)... 630.17 
-ȮKM.Ȯ0.)...Ȯto KM.Ȯ1.)... 517.64 
-ȮKM.Ȯ1.)...Ȯto KM.Ȯ2.)... 865.85 
-ȮKM.Ȯ2.)...Ȯto KM.Ȯ3.)... 1,029.31 

-ȮKM.Ȯ3.)...Ȯto KM.Ȯ3/)90.Ȯ&downstream portion of Rama VI Dam' 1,007.69 
Average River Capacity of Overall Pasak River 811.19 

 

4 ĽĶŋĮ 
ŐĴƞĬŘŜŅĮƙŅĽńĔĨŀĬĸƞŅĚĪňŗįƞŅĬĔŅĶĻŉĔļŅĺŇŏėĶŅŃľƢĔĸĻŅĽĨĶƢ

ŐĴƞĬŘŜŅħƟĺĵŐĭĭěŜŅĸŀĚȮMIKE11 őħĵĔŅĶıŇěŅĶĦŅĪńŘĚŒĬĝƞĺĚĬŘŜŅ
ĬƟŀĵěŅĔĺŇŏėĶŅŃľƢėĺŅĴĸŉĔĬŘŜŅĨŗŜŅĽŋħŒĬĶŀĭȮ5ȮĮƖȮıĭĺƞŅȮĴňėĺŅĴĸŉĔ
ĪňŗĨŗŜŅĔĺƞŅȮ2,7Ȯm ŀĵŌƞĴŅĔĭĶŇŏĺĦĝƞĺĚĨƟĬĬŘŜŅĨńŘĚŐĨƞȮĝƞĺĚĔĴ,ĪňŗȮ
1.)...ȮĕŉŘĬœĮěĬĩŉĚȮĔĴ,ȮĪňŗȮ3/)7..ȮĽƞĺĬĔŅĶœľĸŏĨŖĴĨĸŇŗĚěŅĔ
ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴěŋĸŜŅĬŘŜŅĔĸńĭıĭĺƞŅȮĭĶŇŏĺĦĝƞĺĚĪƟŅĵĬŘŜŅĕŀĚŐĴƞ
ĬŘŜŅĮƙŅĽńĔȮĨńŘĚŐĨƞȮĝƞĺĚĔĴ,ȮĪňŗȮ/.)...ȮĩŉĚȮĔĴ,ȮĪňŗȮ1.)...ȮĴňėĺŅĴ
ěŋĸŜŅĬŘŜŅŏĜĸňŗĵŀĵŌƞŒĬĝƞĺĚȮ3/5,42Ȯ-Ȯ41.,/5Ȯm3 s-1ȮĞŉŗĚĨŗŜŅĔĺƞŅ
ėƞŅŏĜĸňŗĵĪńŘĚŐĴƞĬŘŜŅĮƙŅĽńĔĨŀĬĸƞŅĚĪňŗĴňėƞŅŏĪƞŅĔńĭȮ6//,/7Ȯm3 s-1ȮŀĵŌƞ
ĴŅĔȮħńĚĬńŘĬȮĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶœľĸĪńŘĚĝƞĺĚĬŘŜŅĨŗŜŅŐĸŃ
ĝƞĺĚĬŘŜŅĽŌĚȮěŉĚěŜŅŏĮƦĬĨƟŀĚıŇěŅĶĦŅĮƤěěńĵĪŅĚħƟŅĬĔĸĻŅĽĨĶƢŐĴƞĬŘŜŅĪňŗ
ŏĔňŗĵĺĕƟŀĚŒľƟĶŀĭħƟŅĬȮŀńĬœħƟŐĔƞȮėĺŅĴĸŉĔĕŀĚĬŘŜŅȮėĺŅĴĔĺƟŅĚĕŀĚĸŜŅ
ĬŘŜŅȮŐĸŃėĺŅĴěŋĸŜŅĬŘŜŅȮŏĮƦĬĨƟĬȮŏıŊŗŀŒĝƟŏĮƦĬĕƟŀĴŌĸĮĶŃĔŀĭŒĬĔŅĶ
ĭĶŇľŅĶěńħĔŅĶĬŘŜŅĕŀĚľĬƞĺĵĚŅĬĶŅĝĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĨƞŀœĮȮŐĸŃĔŅĶ
ĽŜŅĶĺěŐĴƞĬŘŜŅĪňŗĶŃĵŃľƞŅĚĪŋĔŕȮ3.Ȯm ĬńŘĬĝƞĺĵĪŜŅŒľƟĔŅĶĺŇŏėĶŅŃľƢ
ĪŅĚĔĸĻŅĽĨĶƢŐĴƞĬŘŜŅĴňėĺŅĴĸŃŏŀňĵħŐĸŃŐĴƞĬĵŜŅĽŌĚȮŐĨƞŀĵƞŅĚœĶĔŖ

ĨŅĴěŜŅŏĮƦĬĨƟŀĚŒĝƟĚĭĮĶŃĴŅĦŒĬĔŅĶĽŜŅĶĺěėƞŀĬĕƟŅĚĽŌĚȮěŉĚėĺĶ
ıŇěŅĶĦŅŒľƟŏľĴŅŃĽĴĔńĭĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĬńŘĬŕȮŐĸŃ
ŐĭĭěŜŅĸŀĚȮMIKE11 ĬńŘĬěŃĴňĕƟŀěŜŅĔńħŒĬĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŏĶŖĺ
œľĸœħƟŏıňĵĚėƞŅŏħňĵĺĞŉŗĚŏĮƦĬėĺŅĴŏĶŖĺŏĜĸňŗĵĨƞŀľĬŉŗĚĶŌĮĨńħŏĬŊŗŀĚěŅĔ
ŏĮƦĬŐĭĭěŜŅĸŀĚĔŅĶœľĸŐĭĭľĬŉŗĚĴŇĨŇȮħńĚĬńŘĬȮĩƟŅĨƟŀĚĔŅĶĻŉĔļŅŒĬ
ĶŅĵĸŃŏŀňĵħĕŀĚėĺŅĴŏĶŖĺĔŅĶœľĸĪňŗįńĬŐĮĶœĮŒĬŐĨƞĸŃĶŌĮĨńħĕĺŅĚ
ěŉĚěŜŅŏĮƦĬĨƟŀĚŒĝƟŐĭĭěŜŅĸŀĚĽŀĚĴŇĨŇĴŅŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢĨƞŀœĮ 

5 ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
ĭĪėĺŅĴĬňŘœħƟĶńĭĪŋĬĽĬńĭĽĬŋĬĔŅĶĺŇěńĵěŅĔ

ĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢȮĺŇĪĵŅŏĕĨĔŜŅŐıĚŐĽĬȮŐĸŃėĦŃįŌƟĺŇěńĵ
ĕŀĕŀĭėŋĦľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵĔŅĶěŜŅĸŀĚĶŃĭĭĪĶńıĵŅĔĶĬŜŘŅħƟĺĵ
ėŀĴıŇĺŏĨŀĶƢŐĸŃĶŃĭĭĽŅĶĽĬŏĪĻȮ&WRCMIS Lab)ȮĳŅėĺŇĝŅ
ĺŇĻĺĔĶĶĴĝĸĮĶŃĪŅĬȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĔŜŅŐıĚŐĽĬȮĪňŗœħƟ
ŀĬŋŏėĶŅŃľƢĽĩŅĬĪňŗŐĸŃĞŀĲŐĺĶƢŐĭĭěŜŅĸŀĚĨƞŅĚŕȮŐĸŃ
ĕŀĕŀĭėŋĦľĬƞĺĵĚŅĬĔĶĴĝĸĮĶŃĪŅĬȮŐĸŃĔĶĴŏěƟŅĪƞŅĪňŗœħƟ
ŀĬŋŏėĶŅŃľƢĕƟŀĴŌĸĮĶŃĔŀĭĔŅĶĻŉĔļŅĺŇěńĵ 


