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Abstract
The Lancang River is the most important river at the Indo-China Peninsula which run through five countries. The water resource of the area is getting much more rarity with the rapid development of the economy today. So it is meaningful to analysis the spatial distribution of the runoff at the river basin especially with the hydrological model. A monthly runoff model has been built in Changdu sub-catchment based on VB and ArcObject. The way of discretization of distributed hydrological model was used in the model, and principles of conceptual model are taken into account. The sub-basin of Changdu which is taken as the research area is divided into regular cells which is extracted by ArcGIS, and all kinds of hydrological and meteorological information and land use classes and slope extracted from 1:250000 digital elevation model are distributed in each cell. The model use the conceptual model to simulate the whole contributes to the runoff of the area, and does not care about the rainfall-runoff hydro-physical process. The affection of evapotranspiration loss and underground water is taken into account at the same time. The parameters of the model are set according to the hydrological data of 1991~1994, and emendated by the data of 1995~1998.
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1. INTRODUCTION

The rainfall runoff of a river basin is a complicated physical process which including catchment runoff-yield, slope runoff-yield and river network flow routing. Generally, the isoline of yearly-runoff or the deepness of yearly-runoff are plotted to describe the spatial distribute character of rainfall runoff. In this way, a macroscopical knowledge of the whole river basin can be got, but cannot calculate and analyze the data in some specifically runoff-yield cells.

Researches on drainage area hydrological model get great development which is improved by observation hydrology, statistics hydrology and Engineering hydrology since 20th century. Conceptual hydrological model and distributed hydrological model become the hotspots of advanced research in hydrology especially with the applications of GIS (Geographic Information System), DEM (Digital Elevation Model) and RS (Remote Sensing). The development of these hydrological models provide new methods for researching on spatial distributed characters of rainfall runoff, with which the river basin can be divided into much small runoff-yield cells and the rainfall runoff can be simulated much more accurately.

2. Hydrological model and its characteristics

In the early 20th century, Black-box model is the mainly research way in hydrological model, which taken care of the precision of the result and the input and output data in the mathematical formula but not the relations between them, such as Sherman(1932) and Nash(1957). The Conceptual hydrological Model is developed in 1960th to 1980th, such as Stanford Model (Crawford & Linsley, 1966) and Xin an-jiang Model (Zhao &Liu, 1995), which describes the hydrological process in lumped way in any cells and has some physical meanings, but the parameters should be confirmed by the runoff [1]not by the hydrological process. The distributed hydrological model become more important after 1980th, such as SHE Model (Systeme Hydrologique Europeen) developed by DHI (Danish Hydraulic Institute) and IH (Institute of Hydrology in British), which analysis the spatial varieties with stream equations. 

The hydrological model can be classified into lumped model and distributed hydrological model by the ability of reflecting the movement of the stream. The hydraulics characters on the surface of a river basin are consider as the same in a lumped model, in which the whole basin is considered as a single unit and only the stream in the unit is considered. But a distributed hydrological model does not consider them as uniformity, which considers not only the movement of the stream in a unit but the interactions between them [2].

There are two different ways to construct a distributed hydrological model now. The first way to establish a hydrological model is analysis the temporal and spatial relations between neighboring units. The key point of this kind of model is the hydrological and physical mechanism, which can also be thought as constructed based on hydro-physical process. It is complicated and difficult to realize the model in a large river basin. The second way is calculate precipitation rain fall in a single unit with traditional connectional hydrological model, and then perform mathematical calculations of flow routing, at last get the data of the export. This kind of model can be easily established in a large river basin [3], such as SWAT (Soil and Water Assessment Tool) model by USDA (United States Department of Agriculture).

In order to insure all hydrological characters as the same in one cell when simulating a process with a hydrological model, a large river basin usually is dispersed into some small domain. The hydrological model can be classified into three types by the difference of computing cell or the dispersing mode. They are sub-catchment model, grid cell model and physiognomy model.

Different characters of these hydrological models, data resources and the real circumstance around the Lancang River are considered, and a hydrological model to analysis the spatial distribution of rainfall runoff is constructed based on DEM. Sub-catchment are made by the dispersing way of a distributed hydrological model, based on the ArcObject groupware offered by ArcGIS, and the whole river basin are dispersed into regular grids. All the elements such as hydrology and weather are distributed into these areas. The parameters of the model will be confirmed by the runoff of the sub-catchment, and the characters of the whole river basin can be simulated and analyzed.

3. Simulating of the characteristics of rainfall runoff 

It will be helpful for getting much more accurate hydrological parameters and variables by dispersing the river basin into regular grids with compatible scale. At the same time, the regular grid can be got automatically by using a GIS software such as ArcInfo.

Because the rainfall runoff characters of Lancang River basin are flexible and regional difference are distinct, it will be very difficult to construct a single distribute hydrological model for the whole river basin. Sub-catchment model is used here and every hydrology station and the regions they controlled are the main considerable factors. The whole river basin is divided into several sub-catchments, and then they will be dispersed into regular grids and get the basic computing cells.

3.1 Disperse the river basin
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Soil type code

The sub-catchment can be got by spatial analysis based on digital elevation model. The hydrological modular of ArcGIS is used to analyze the 1:250000 DEM of Lancang River basin. The whole river basin is picked up and divided into 143 rainfall runoff functional areas (figure -1).

The experiment of the model is made in the sub-catchment controlled by Changdu hydrology station at the upriver of Lancang River (figure-2). The area is about 53000 square kilometers, 3300~5800 meters height above sea level, and average 4560 meters statistic from the 1:250000 DEM. The hypsography in the area is flat that is belong to tableland meadow. The majority of the tableland in the area is swampland whose ability of storing the water is strong [4]. So it is suitably to do the test of simulating the distributed rainfall runoff in the area. The other sub-catchments in the Lancang River basin will be picked up based on the test and the spatial distribution of hydrology stations.

The soil type in the area can be classified into 6 kinds and 25 sub-kinds according to plow land, woodland, meadow, water area, residential area and useless soil. In the whole sub-catchment, the meadow area is about 78 per cent; the gravel land area is about 6 per cent; the timelessly glacier is about 0.36 per cent. The characters of the climate in the area are singleness, and the replenishment style of runoff is simple. The coefficient of variation of yearly runoff in the area is about 0.3[5]. The area is suitable to be analysis as a sub-catchment. The other sub-catchments can be got combine with the spatial distribution of hydrological stations based on the test.
3.2 Distributions of weather and underlaying surface elements
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Soil type code

The import parameters reflecting variations of the spatial characters of a river basin are used in the distributed hydrological model to forecast the response of the basin. A river basin is usually divided into dispersed cells, and the formula of the model is solved in these cells. The resolution of these computing cells is higher than that of these import spatial dates, so there will be some lumped parameters in each computing cell [6].

In order to get much accurate parameters of hydrology and weather, after the area controlled by Changdu hydrology station is made a sub-catchment cell to simulate the spatial distribute of rainfall runoff, the sub-catchment is divided into regular grids with 1 square kilometer grid which can be regard as the real computing cell. For the whole river basin, a distributed hydrological model need none lumped parameters but lumped in each grid cell.

According to the existing dates, the soil type, slope, temperature and amount of rainfall from 1991 to 1998 are cut out and dispersed into each cell.

(1) The soil type is coding again according to their percentage in each grid cell by Visual Basic 6.0 and ArcObject. The new code includes 6 bit float numeric (figure-3). The high two bits means the soil type with more percentage in the cell, and the low four bits means the percent it has. The data in each 1 square kilometer cell can be got after that (figure-4).

(2) The slope in the area can be extracted from the 1:250000 DEM, and then be dispersed into each 1 square kilometer cell.

(3) The temperature and amount of rainfall can also be dispersed into each cell by the same way then.

3.3 Simulate the rainfall runoff per month in Changdu
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The change of the rainfall runoff per month in the area is consistent with the variety of the temperature there by analyzing of sensitivity (figure-5) between rainfall, temperature and monthly runoff we can find. The amount of the rainfall should be considered as the main parameter whose influence to the monthly runoff is prominence. 
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With the analysis above, each cell is thought as a computing unit, and a runoff simulating model is established (formula-1). The monthly amount of rainfall and temperature are the main parameters, and the thaw water, vegetation, and season factors are all considered in the model.
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In the formula-1, 
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(mm) means the runoff of Changdu sub-catchment in the yearand the month
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on the grid cell 
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(mm)  means the influence of the underground water replenishment to the monthly runoff;
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reflect the ability of water transmit of different soil type, which is contribute to the runoff of the whole sub-catchment;
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reflect the evapotranspiration loss; 
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 means the slope of the grid cell
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Some parameters in the model must be trying, and should be confirmed by the runoff of the whole sub-catchment. Firstly, the parameter
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should be initialized by the prevenient amount of rainfall; the value of
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refer to the Manning coefficient of roughness and some real evaporation data. The
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is the function of temperature, and the thaw critical temperature is set as -3℃～0℃ according to the temperature range. 

The monthly runoff of year 1991~1994 is simulated based on the parameters confirmed above. The simulating result is compared with the real data; the error and its developing trend are analyzed to adjust the parameters. The monthly runoff data of year 1995~1998 is used to validate the hydrological model.
3.4 Analysis of the model
Figure-6 is the validate result in the monthly rainfall runoff simulating in the year 1996. The relative error of the whole yearly runoff is about -0.12 per cent. Even the simulating precision of several months is not very satisfactorily, but the simulating result of the yearly rainfall runoff is good.
simulating result of the monthly and yearly runoff is very similar to the real data, including the trend, seen from the 96 months test (figure-7). The accumulative error of the runoff of 1991~1998 is only about -0.68 per cent(Table-1).

In the result, every imitate value of July to September in a year is lower than the real data. The main reason for that is the rainfall and thaw water reach the peak at these months, and the evaporation capacity and the water consumed by mankind increased greatly at the same time, only the temperature and the experiment data is used to estimate the thaw water that will cause much error. If the radiance data of sunset and the earth’s surface temperature are used to estimate the runoff data, the precision will be improved greatly. The same result is reflected at the yearly simulating runoff data after October, the temperature falls down quickly at the time, and the rainfall decreases with the southwest monsoon’s fall off, the dry season comes. Because the temperature is still higher than the critical temperature at these months, so the thaw water’s influence to the runoff is increasing, but the rainfall is still used as the main element to compute the runoff in the model, so the calculate data of these months is higher than that of the real data, and some lag effects appeared.

Tab.1 Result of imitate the runoff in Changdu per year

	
	Emendate phase
	Validate phase
	

	year
	1991
	1992
	1993
	1994
	1995
	
	1996
	1997
	1998
	Accumulate runoff

	Relative error（％）
	-13.60
	20.24
	-8.77
	22.82
	17.35
	
	-0.12
	7.90
	-16.73
	0.68
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The amount of the runoff on each grid cell can be simulated based on the hydrological model. The spatial distribution of the monthly and yearly rainfall runoff in the sub-catchment can be got in this way then. Figure-8 shows the spatial distribution of the runoff of the year 1996. The high value area of the runoff in the sub-catchment lies in the south of the Yushu autonomous prefecture and the Zaduo County, the headwater of the Lancang River where there is swamp and store floodwater area[4], and the ability of water storing and transmitting is strong that is accord with the fact. The amount of runoff of the whole year is about 15.35 billion stere which is close to the official data 15.19 billion stere [4]. 

The amount of runoff can be statistic and analyzed by the spatial statistics tool in ArcGIS. The area in which the yearly runoff exceed 0.1 million stere take 92.4 per cent of the whole sub-catchment, and the area exceed 0.2 million stere is about 78 per cent, and the area exceed 0.25 million stere is about 7.65 per cent.

4. Conclusions

It is not very easy to get details of the field data of the whole large area to confirm the spatial distribution characters of rainfall runoff. The quantitative analysis and forecast of the yearly runoff is usually complete by the way of statistics now. The distributed hydrological model’s strong suit at the way of river basin dispersing is being used by this semi-hydrological model, and the data depending is decreased. The monthly and yearly rainfall runoff can be simulated with the model according to the change of the temperature and amount of rainfall in different time. The characters of the spatial distribution of the rainfall runoff of the sub-catchment can be found out in each grid cell based on the DEM, and the short time forecasting of the rainfall runoff can also be done with the model. It is the base of the hydrological model of the whole river basin.
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Fig.2.Sub-catchment of Changdu





Fig.1. Lancang River basin





Fig.3. Code of soil type 
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Fig.4. Distribution of soil type in Changdu 
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Fig.5.Sensitivity analyses between rainfall, temperature and monthly runoff in Changdu
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Fig.6 Curve fit the monthly runoff in 1996





Fig.7 Curve fit the monthly runoff in Changdu(1991~1998)





Fig.8 The runoff spatial distribution in Changdu
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