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Currently, desertification has become a realistic problem around Chinese Loess Plateau thereby the 
suitable preventive measures must be urgently adopted. Planting is expected as an effective measure for 
preventing land desertification, and the available water resource is essential for this planting project. Since 
the mean annual precipitation is only 400 mm with non-uniform occurrence, estimation of annual available 
water becomes quite difficult. In the current study, we carried out the field survey on a basin named 
Liudaogou which has representative topographical and hydrological features of the upper Loess Plateau 
region. By considering the relation between occurrence of the surface flow and the corresponding rainfall, 
we evaluated some characteristics of the surface flow and the basic infiltration property of the topsoil. By 
using the relevant result, we performed the runoff calculation by the conventional kinematic wave model 
and summarized some runoff characteristics of the upstream region in Loess Plateau. 
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(a) Location of Loess Plateau in China 

(b) A wide-semiarid land region 
 

Fig.1 Position of Loess Plateau 
 

1. INTRODUCTION 
At present, desertification becomes a realistic 

problem around Chinese Loess Plateau. As a 
wide-semiarid land region, the total area of Loess 
Plateau is about 6.24×105 km2 and the location leans 
to north-west China slightly (Fig. 1). The main 
geomorphic on Loess Plateau are plateau, ridge, 
mound and various gullies1). Due to the continuous 
elevation increase coupled with gradual decrease in 
precipitation from south-east to north-west, the 

environment of north-west Loess Plateau, which is 
named the upstream region, is in severe condition. 
The suitable preventive measures must be urgently 
adopted to hold back land desertification. Planting 
regarded as an effective technique will be extensively 
performed in Loess Plateau therefore the available 
water resource is essential. However, the mean 
annual precipitation is only 400 mm with the 
non-uniform yearly occurrence, more than 60 % of 
the total rainfall is received from July to September2), 
hence estimation of the annual available water 
resource becomes significant but very difficult. 

The current study focuses on researching the 
relationship between the rainfall intensity and 
occurrence of the surface flow, we performed local 
observation and field survey on a basin named 
Liudaogou which has representative topographical 
and hydrological features of the upper Loess Plateau. 
By considering the typical rainy event and 
occurrence of the surface flow, to some extent, the 
relation between the rainfall intensity and occurrence 
of the runoff was revealed, and based on the relevant 
result we evaluated the basic infiltration property of 
the topsoil. Further, for the purpose of researching  
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(a) Position of Liudaogou in Loess Plateau３)   
(b) Location and extent of Liudaogou４) 

 
Fig.2 Position of Liudaoghou basin 

 

 
Fig.3 Annual precipitation in study location (Meteorological 

Observatory of Shenmu City) 
 

the runoff characteristics, we examined the 
applicability of the conventional runoff calculation 
model which is constructed by kinematic wave 
theory. As this type of runoff calculation model was 
applicable to the actual condition of the upper Loess 
Plateau, we performed the runoff calculation for the 
study location. 

 

2. GENERAL SITUATION 
 

(1) Position and area 
Position of Liudaogou is shown in Fig. 2, 

(110o21’-110o23’ E longitude and 38o46’-38o51’ N 
latitude). Area of this basin is 6.89 km2 and the length 
of the main river channel is about 4.21 km which 
treads from south to north2). 
 
(2) Climate 

Temperate continental climate is remarkable. The 
monsoon is prevalent and the mean annual wind 
speed is 2.5-2.7 m/s. Though the mean annual 
precipitation is 437.4 mm, 77.4 % of the total occurs 
in rainy season and generally with heavy rain for 
several times (Fig. 3). In spring and winter the 
climate is extremely dry with frequent gale, so that 
the sandstorm occurs readily with an average 
frequency of thirteen per year in recent years. The 
annual potential evapotranspiration surpasses 1000  

 

Thickness:  over 
10 m

Sand yellow 
ocher

Hard yellow ocher

Sandstone

 Thickness: 
about 8 cm

 
(a)Typical terrain        (b) Schematic of the ground 
               

Fig.4 Typical terrain and ground situation of Liudaogou 
 

 
（a）Rain gauge 

 

 
(b) Water level recorder 

 
Fig. 5 Local observation and devices installed spots 

 
mm which is about 2.5 times of the yearly rainfall. 

 
(3) Terrain and ground 
   Elevation of the study location is 1094.0 
m-1273.9 m, terrain is considerably complicated, 
many gullies in various scales distribute around the 
main river channel (Fig. 4a). Due to the long-term 
wind erosion, the topsoil of which thickness is about 
0.10 m becomes quite loose. Subsequent to the 
topsoil is the hard yellow ocher with thickness over 
10 m, and the bottom is sandstone which was formed 
in Jurassic period of Mesozoic5). The schematic 
diagram of the representative ground is as Fig. 4b. 
 
3. FIELD SURVEY AND RESULT 

CONSIDERATION 
 
(1) Field survey 

The rainfall data and water level data are 
essential for evaluating the relation between the 
rainfall and occurrence of the surface flow. Because 
the ground condition of Liudaogou is in similar 
situation, we performed the field survey and local 
observation on upper reach of B1 basin (Fig. 2b). 
a) Topographic survey 

The hypothetical channel network of B1 basin  
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Fig. 6 Longitudinal profile of the river channel (Nov. 2004) 
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Fig. 7 Lateral profile of the river channel (Aug. 2006) 

 
was made by using the digital elevation model 
(DEM) of the study location, and the DEM of the 
B1 was generated by using a topographic map of 
Liudaogou basin which was drawn in 1981. Where 
topography gradually varies with time, we updated 
the altitudinal data at some places where the 
topography changed apparently by leveling and GPS 
survey. Due to each branch at the left side of the 
main channel was crossed by a road the actual 
hypothetical channel network of B1 basin is as Fig. 
5c.  
b) Local observation 
  The rainfall intensity was observed by an 
automatic rain gauge and the depth of water was 
recorded by a water level recorder, the two kinds of 
devices were installed in the upper reach of B1 basin 
(Fig. 5c). 
c) Profile leveling and cross sectioning 

To perform the discharge calculation with the 
observed data of the water level, the longitudinal 
slope of the river channel and the lateral profile of a 
section where the water level recorder was installed 
are both necessary. The gradient of the longitudinal 
profile was determined by profile leveling and the 
result is shown in Fig. 6. The gradient of a certain 
reach in which the water level recorder was installed 
was affirmed to 0.0234. The lateral profile was 
ascertained by cross sectioning as shown in Fig. 7. 

 
(2) Discharge calculation 

We adopted the representative data of the rainfall 
and the water level, which were observed during the 
period from August 10 to August 22, 2004, to 
perform the calculation of the surface flow. The 
intensive rainy events occurred several times during 
this calculation time. Every rainy event and the 
corresponding occurrence of the surface flow are 

Relation between the rainfall and runoff
(11 Aug. 2004)
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Relation between the rainfall and runoff
(21 Aug. 2004)
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Relation between the rainfall and runoff
(22 Aug. 2004)
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(d) 

 
Fig. 8 Calculated result of the intensive rainy events 

 
Table 1 Result of runoff calculation (10-22 Aug. 2004) 

 
Date 11 14 21 22 
Rain last (min) 60 1550 25 75 
Rainfall (mm) 18.4 42.0 19.4 38.0 
Max. intensity (mm/5min) 3.6 0.8 9.4 6.4 
Max. discharge (m3/s) 0.366 0.015 1.08 1.33 
Runoff (m3) 306.7 125.5 500.7 965.6
Runoff percentage (%) 18.0 3.2 27.8 27.4 
 
respectively shown in Fig. 8a-Fig. 8d.  

Analyzed the relation between the precipitation 
and the occurrence of the surface flow of each 
intensive rainy event as Fig. 8 shows, the relevant 
results such as the rainfall, the maximum rainfall  

Relation between the rainfall and runoff
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Fig.9 Hypothetical channel network of upstream of B1 
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Fig. 10 Lateral profile of the runoff calculation model 

 
intensity, the maximum discharge and the runoff 
percentage (et al) are shown in Table 1. 
 
(3) Consideration of the relation between the 

typical rainfall and the runoff occurrence 
Aiming at seeking the relation between the 

rainfall intensity and occurrence of the surface flow, 
we selected two typical rainy events which can be 
respectively regarded as a long-last light rain (Aug. 
14) and a short-last heavy rain (Aug. 22), the rainfall 
and occurrence of the surface flow of each rainy 
event is respectively shown in Fig. 8b and Fig. 8d. 

In the case of a long-last light rainy event occurred 
on August 14, the rain lasted about 26 hours with the 
mean rainfall intensity of 0.14 mm/5min and the 
maximum intensity was 0.8 mm/5min. Though the 
total rainfall attained 42.0 mm, due to the weak 
rainfall intensity, the main part of the total was 
infiltrated and the runoff percentage was only 3.2 % 
which was considerably low. 

The surface flow occurred at the point of 14 hours 
50 minutes after rain started. Because the topsoil was 
unsaturated the rainfall of 22.6 mm was infiltrated 
into the soil before the runoff occurred. Thus the 
stable infiltration velocity of the topsoil 
approximates to 2.7×10-6 m/s (0.8 mm/5min) even 
slightly more than this value, and the infiltration 
velocity of subsequent layer is less than this value, 
which could be affirmed.  

We assumed the topsoil was saturated after the 
rainfall of 22.6 mm was infiltrated, as the porosity of 
the topsoil in Liudaogou basin is almost around 
0.306), the thickness of the topsoil could be 
approximately estimated to be 8.0 cm. 

For a typical instance of the short-last heavy rain 
which happened on August 22, the mean rainfall 
intensity reached to 2.53 mm/5min and the runoff 
percentage attained 27.4 %. The runoff occurred 
immediately with the rainfall intensity of 2.6 
mm/5min after the rainfall happened. Similarly, the 
runoff also occurred with the same rainfall intensity 
of another rainy event happened on August 11 (Fig. 
8a). Consequently, the surface flow would occur by 
the rainfall intensity of 3 mm/5min (1.0×10-5 m/s) 
when the topsoil is in unsaturated situation. 

Additionally, based on the considered result as 
above, we can understand the runoff percentage of 
the short-last heavy rain is higher than the long-last 
light rain. 

 

4. RUNOFF CALCULATION TECHNIQUE 
  

Conventionally, a runoff analysis technique, which 
was constructed by kinematic wave theory and by 
using the hypothetical channel network, was 
regarded as a type of runoff calculation model that 
has extensive applicability. This type of runoff 
calculation model has been preferably developed in 
Japan and has been already examined applicable to 
different-scale basins so far. In the current study, in 
order to estimate the annual runoff of the study 
location, we also constructed the runoff calculation 
model for the study basin by kinematic wave theory 
and examined its applicability. 

 
(1) Hypothetical channel network of the region 

of local observation 
The generated hypothetical channel network of 

the upstream of B1 basin (end of the water level 
recorder installed spot) is shown in Fig. 9.  

 
(2) Runoff calculation model7), 8) 

Based on the considered method of kinematic 
wave model, we developed a runoff calculation 
model by considering the actual ground condition of 
the study basin (Fig. 4). As the thickness of the 
topsoil was about 8.0 cm, the thickness of the first 
layer of the slope sector was approximately assumed 
to be 10 cm. There are still some points such as the 
infiltration velocity and thickness of the subsequent 
layer have not been clarified. As there is a 
comparatively stable groundwater runoff which 
exists on the sandstone occurs at the downstream, 
and the distance between this groundwater runoff 



 

Table 2 Main parameters 
 
Slope 0.10 Coefficient roughness 

Channel 0.08 
sm-1/3

1st layer 1.2×10-5Coefficient  
permeability10) (horizontal) 2nd layer 4.5×10-8

m/s 

1st layer 3.0×10-6Infiltration velocity 
(vertical) 2nd layer 4.0×10-7

m/s 

Loss coefficient …….. 1.2×10-8 m/s 
1st layer 0.10 Thickness 
2nd layer 15.0 

m 

1st layer 0.0 Initial depth of water 
2nd layer …… 

m 

Porosity 1st layer 0.30 ……
 

and the ground is about 15 m, we developed the 
runoff calculation model as shown in Fig. 10. 
 
(3) Basic equations 

To perform the runoff calculation with the 
constructed runoff model, the slope sector and the 
river channel sector were separated, while the 
surface flow and the groundwater flow were 
respectively calculated7), 8). The basic equations are 
as follows: 
a) The slope sector 

Equation of continuity of the surface flow:      
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Where, h: depth of water (m), q: unit width flow rate 
(m2/s), x: distance in flow direction (m), t∆ : 
interval of calculation (s), r: the effective rainfall 
(m/s), f1, f2: infiltration velocity of the 1st and the 2nd 
layer (m/s), n: coefficient of the roughness (m-1/3), R: 
hydraulic radius (m), I: gradient of the slope. 

Equation of continuity of the groundwater 
(the 1st layer):  
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Darcy’s law:  
hIkq =                     (4) 

Where, λ: effective porosity, h : Depth of the 
groundwater flow (m), q : discharge of the unit 
width of the groundwater (m2/s), k: coefficient of 
permeability (m/s), I : gradient of the 1st layer.  
  Towards the runoff calculation in the slope sector, 
the direction of the surface flow corresponds to the 
steepest slopedown direction9), and as the thickness 
of the 1st layer is uniform, therefore the gradient of  

Simulation of rainfall and the surface flow
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(a) Runoff simulated result of 11 August 2004 

 

Simulation of rainfall and the surface flow
21 Aug. 2004
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(b) Runoff simulated result of 21 August 2004 

 
Fig. 11 Runoff simulated result 
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Fig. 12 Accumulative runoff of the surface flow of B1 

 
the slope is adopted to perform the calculation both 
the surface flow and the groundwater flow in the 
first layer. The gradient of the slope is determined 
by using the DEM9). The gradient of the second 
layer is also adopted the same value as the first layer, 
and the groundwater in the second layer has no 
impact on calculation of the surface flow. 
b) The river channel sector 

The basic equations for runoff calculation of the 
river channel sector are the same as the slope sector, 
however there are some differences in forms 
according to the actual condition of the river 
channel. For instance, for the calculation of the 
surface flow, an item of the inflow from the slope 
sector must be added in equation (1), and for the 
groundwater flow, the inflow from the slope sector 
should be added in equation (3). 
    
(4) Determination of some main parameters 

The necessary parameters for the runoff 
calculation must be determined. Generally, there is 



 

no flow in the river channel except when 
comparative intensive rainfall occurs, and the surface 
flow is usually short-lived after the rain is over. 
Inevitably, the initial condition of the first layer has 
deep influence on occurrence of the surface flow. 
Meanwhile the situation of the second layer has no 
impact unless the long-last rainfall occurs. As the 
parameters of the second layer were deficient, 
thereby the determined method for the necessary 
parameters is as following. 

Initially, we affirmed every parameter of the first 
layer as shown in Table 2. Then, we calculated the 
discharge by using the observed water level data and 
the relevant result was regarded as accurate value 
which was named by the observed-flow. In the next 
step, each parameter of the second layer such as f2 
was assumed by experience. Then we performed the 
runoff calculation by using the constructed 
calculation model with these assumed parameters 
and the achieved result was called as the 
calculated-flow. To lessen the difference between 
the observed-flow and the calculated-flow, we 
adjusted the relative parameters of the second layer 
and repeated the runoff calculation many times. 
Finally, a certain group parameter, by which the 
minimum difference of all the calculated results was 
produced, was adopted as the rational value (Table 
2). 
  
(5) Applicability examination 

The applicability of runoff calculation model was 
examined by numerical simulation of the 
observed-flow. The simulated results of the typical 
rainy events were shown in Fig. 11. According to 
these results, we could understand the constructed 
runoff calculation model is applicable to the actual 
condition of the study basin.  

 
5. RUNOFF CALCULATION 

 
The calculated area is B1 basin (Area: 0.43 km2,  

catchment area: 0.22 km2). The calculation time was 
from May 21 to November 10, 2006 which embodied 
the whole rainy season of the study location. The 
total rainfall was 324.0 mm during the considered 
period and the total precipitation was estimated to be 
1.40×105 m3 in B1 basin. The result of the runoff 
calculation is shown in Fig. 12. Based on the 
calculated result, the total runoff occurred in B1 
basin was estimated to be 2.54×104 m3 thereby the 
runoff percentage of the surface flow was about 18 % 
during the calculation time. Because there was no 
surface flow occurred except the considered time in 
2006, the annual runoff percentage may be inferred 
to be about 15 % with annual rainfall of 400 mm. 
 

6. CONCLUSIONS 
 

For the topsoil, the stable infiltration velocity is 
approximately 3.0×10-6 m/s and the thickness is 
around 8 cm. 

For the runoff characteristics, 
(a) There is no occurrence of the surface flow except 
during the occurrence of intensive rainfall. 
(b) Generally, the runoff percentage of the short-last 
heavy rain is higher than the long-last light rain. 
(c) The surface flow would occur if the rainfall 
intensity attains 3 mm/5min. 
(d) Annual runoff percentage of the rainfall is about 
15 %. 

Particularly, the runoff calculation model 
constructed by kinematic wave theory is applicable 
to the calculation of the surface flow of the upstream 
region in Loess Plateau. 

 
ACKNOWLEDGMENT:  We would like to 
express a deep gratitude to cooperators in Institute of 
Soil and Water Conservation (ISWC) of China. 

 
REFERENCES 
(1) Xu, X. Zh., Zhang, H. W. and Zhang, O. Y.: Development of 
check-dam systems in gullies on the Loess Plateau, China, 
Environmental Science & policy, 7(2004) 79-86. 
(2) Zheng, J. Y.: Study on the infiltration and redistribution of 
soil water and the spatial variation of soil hydraulic properties in 
water-wind erosion crisscross, Institute of Soil Science, CAS, 
China, S152.7, UCD 631.43, pp. 1-20, 2004.  
(3) Wu, P. T. and Wang, Y. K.: High effective water utilized 
technique for constructing vegetation with forest and grass in 
Loess Plateau, The Northwest A&F Press, pp. 1-10, 2002. 
(4) Kimura, R., Bai, L., Fan, J. Takayama, N. and Hinokidani, 
O.: Evapo-transpiration estimation over the river basin of the 
Loess plateau of China based on remote sensing, Journal of 
Arid Environments, 68(2007) 53-65. 
(5) Fan, J.: Study on the soil water dynamics and modeling in 
water-wind erosion crisscross region on the Loess Plateau, 
Institute of Soil Science, CAS, China, S152.7, UCD 631.43, pp. 
30-45, 2005. 
(6) Jiang, N. and Shao, M. A.: Spatial variability of soil 
infiltration properties on natural slope in Liudaogou catchment 
on Loess Plateau, Journal of Soil and Water Conservation China, 
Vol. 19, No. 1, 2005. 
(7) Hashimoto, N., Fujita, A., Shiiba, M., Tachikawa, Y. and 
Ichikawa, Y.: Development of dam inflow prediction system 
based on distributed rainfall-runoff model, Annual Journal of 
Hydraulic Engineering, JSCE, Vol. 50, pp. 289-294, 2006.    
(8) Kobayashi, K., Tachikawa, Y., Sayama, T. and Takara, K.: 
Analysis of the Yuragawa-river flood by typoon No. 23 in 
October 2004 using distributed rainfall-runoff model, Annual 
Journal of Hydraulic Engineering, JSCE, Vol. 50, pp. 313-318, 
2006. 
(9) Tarboton, D. G.: A new method for the determination of flow 
directions and upslope area in grid digital elevations models, 
Water Resour. Res., 33(2), pp. 309-319, 1997. 
(10) Takeo, M.: Soil mechanics, The Gihodo Press., Japan, 
pp.104, 1982. 
 
                      (Received September 30, 2007) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	header1: Annual Journal of Hydraulic Engineering, JSCE, Vol.52, 2008, February
	NextPage1: - 1 -
	NextPage2: - 2 -
	NextPage3: - 3 -
	NextPage4: - 4 -
	NextPage5: - 5 -
	NextPage6: - 6 -


