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Fig. 1 Illumination of grid sequential order analysis. The left figure refers to flow aspect,

the right figure refers to assigned sequential order
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Abstract

After having studied the precipitation — runoff process affected by the spatial and temporal vari-
ability of precipitation and the spatial differences of physi — geographic parameters on the earth’s
surface , this paper developed a dynamic model based on grid data. The model takes topographic map.
soll distribution map. land use map . precipitation . evaporation, seepage and moisture content of soils
as inputs. The hydrological grid data base is supported by the Geographic Information System
(GIS). XMGIS 2. 0, which is made by the authors. According to the model. necessary analyses
of digital topographic model and grid superposition are made, and the grid element assigned grade
and flow forms a fully watershed (Fig. 2).

When the runoff vield and the inflow of surface and subsurface, taking the grid element as a u-
nit, are respectively calculated. the outflow of a grid element is one of inflows in the corresponding
subgrid. All the grid element is continuously calculated in the order of grade. and the flow process
in every time interval is finally obtained.

The modle takes the grid element as a hydrologically homogeneous unit. Hydrological parame-
ters and physi—geographic characteristics are assumed to be uniformly distributed in each grid ele-
ment. but vary between elements. Holtan model is used for infiltration rate.

f=FA+GIl+a+ S+

The infiltration rate to deep soil layers is:

Fe=f ~W/W,

where f is the capacity of infiltration. Fc is the actual infiltration rate in the soil profile, GI is
the grain—growing index. « is the cover index. n is the parameter of scil structure, Sa is the max-
mum volume lack of water is the soil profile. £ is the stable infiltration rate.

Water —balance equation and modified Muskingum method are used for routing runoff yield and
inflow from adjacent relevant grids.

The water balance equation based on grid element is;

(P, +0.5/A1 2 (COQ,+COQ:— (E), »—0.5A¢ (F,+F,) —0.5A¢ (Q,4+Q,) =S,
+S,

0.5A¢ (Fy+F) +0.5A12 (COGW,+COGW,—0. 5A¢ (Fe,+Fe,)

— (EW.),_,—0.5Ar (GW,+GW,,) =W, ,—W,
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where 7 is the number of grid element. 1 and 2 the beginning and the end of time interval, COQ and
COGW are the volume of surface and subsurface inflows from adjacent grid elements respectively. E
is the total evaporation on the surface of water in a time interval., F is the surface infiltration rate,
S is the volume of surface water —bearing. W is the water content of soil layer. At is the length of
time segment, P is the rainfall in a time interval, @ and GW are the surface and subsurface outflow
respectively in a given grid element, and is EW the soil evaporation.

The Muskingum flow equation is:

Q.= [2At/ Qk,4AAD] U), ,+ [2k,—AD / (2k+AD] Q,

(I)io= (P),_,+0.5At3 (COQ,+COQ,— (E), ,—0.5/¢ (F,+F)

(GW), = 241/ Qe,4AAD] (GI), .+ [2k,— A1) / 2k +AD] GW,

(GI)y.,=0.5/t (F,+F,) +0.5At2 (COGW,+COGW,— (EW), ,

—0.5At (Fey,+Fep)
Where £ is the coefficient of surface water-bearing, kg is the coefficient of subsurface water-bearing
and discharge, I is the total input of surface water in a time segment, GI is the total groundwater
input of a grid element in a time interval.

In the model, every parameter has specified physical meanings and geographically distributed

characteristics. The simulation method was proved effective by examing Shiqiaopu runoff experiment
basin (Fig. 5).



