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Abstract 

This paper presents the estimation of the parameters F, and used in the 

groundwater recharge model by separating the surface runoff component for 
isolated rainfall event. The time-area distribution method was used. Several 
types of land use were considered. The watershed of the upstream of Sakurai 
River at Suematsu Bridge in Itoshima Peninsula which includes the western part 
of the new campus (Ito campus) area of Kyushu University in southern Japan, 
was selected as a site study to test the model approach. Since more than 80% of 
study area is covered with forest, the proposed model considers rainfall 
interception by forest canopy. The runoff parameters F, and (r)ln were 
identified in this study using records of river discharge at the outlet point of the 
watershed. The results indicate that the separation approach satisfactorily 
predicted runoff parameters for different land use, and also showed that 
simulated runoff results agree well with observed results. 

Keywords: Groundwater recharge model, Land use, Rainfall event, Rainfall 
interception, Surface runoff 

1. Introduction 
Land development often results in adverse environmental impact for surface and subsurface 

water systems. For areas close to the coast, land use changes may also result in seawater intrusion 
into coastal aquifers. Due to this, it is important to evaluate potential adverse effects in advance of 
any land development. Rapid urbanization leading to changed ground surface conditions often 
means that the time available for planners to include hydrological conservation strategies is not 
sufficient. Alteration of land use, especially the mtroduction of impermeable areas, induces a rapid 
and increased surface runoff and less recharge to shallow groundwater. These adverse effects are 
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typically found in rapidly growing metropolitan areas where Mastructure development is lagging 
behind the pace of urbanization 'I, 2). 

In order to adequately manage the local hydrological cycle due to land use changes, the above key 
hydrological processes need to be effectively foreseen with a level of confidence. 

Therefore, understanding the flow of water including surface runoff and groundwater flow 
through watersheds is essential for accurate analyses of many environmental problems, since 
surface runoff and groundwater flow are considered as central components of most aspects of water 
resources and water management 3). 

The efficient utilization of surface and ground water as agricultural irrigation, drinking water 
and wineries is an important issue in Itoshirna Peninsula, the western region of Fukuoka City, Japan, 
where a new campus of the Kyushu University (Ito Campus) is under construction 4). The 
construction of a new university campus and urbanization in the neighbouring area is anticipated to 
reduce the groundwater flow toward the residential areas. Therefore, hydrological components such 
as surface runoff discharge, groundwater recharge to the shallow groundwater, groundwater spring 
to the ground surface, groundwater level and movement of both freshwater and saltwater need to be 
analyzed 2). 

In the present study, a simple but efficient approach to estimate surface runoff and groundwater 
infiltration components by the separation of rainwater reached to the ground surface from ground- 
water recharge model is proposed. The result is confirmed by comparing the values of runoff and 
infiltration parameters F, and with those of previous study which has been carried out in Ito 
campus area by (Tsutsumi. A., et al., 2004). .I, I. 

2. Methodology 

2.1 Groundwater recharge model for shallow unconfined groundwater 
The fundamental concept of the proposed groundwater recharge model is only briefly presented 

in the present paper in order to explain the parameters used in the model. Details of the principles 
and properties of the model are shown in the paper by authors (Tsutsumi. A et al., 2004). 

Figure 1 illustrates the conceptual groundwater recharge model that functions so as to separate 
the rainwater reaching ground surface into a direct surface runoff component and groundwater 
infiltration rates. 

Evapotranspiration Rainfall interception: r d t )  

from tank: EVT, 4 ' I ?  - 8 

Evaporation fiom the Infiltration: 
groundwater table: Em 1 [l-F(r)]-<t) 

Coefficient of outlet flow: a~ 

Recharge rate: qw(t) 
- 
- Rise of groundwater table -- 

Fig. 1 Groundwater recharge model for unconfined groundwater. 



Estimation of Surface Runoff and Groundwater Infiltration Components by the Groundwater Recharge Model 

The amount of rainfall interception by forest canopy is denoted by rint(t) which is evaporated 
after rainfall has ended. The rainfall that reaches the ground surface r(t) is calculated by 

where rtohl(t) is the total rainfall intensity and t denotes time. For areas without trees rint(t) is 
obviously zero and 

The rainfall that reaches the ground surface is then separated into two components: the surface 
runoff that goes directly to the river, whose rate is given as F(r).r(t) and the infiltration, with rate 
[I - F(r)].r(t), as shown in Fig. 1. F(r) denotes the surface runoff coefficient as a function of 
&all intensity. F(r) in the present model is assumed to change as a function of the rainfall 
intensity as 

where (r),n is the value of r(t) when F,(r) is equal to Fid2. If typical F ,  values are adopted, then 
only @)In is an undetermined parameter in the equation. The parameter Fi, depends only on the 
ground surface condition. For example, Fim may be close to 0.3 for forest areas and close to 0.8 for 
asphalt areas (see e.g. Ven Te Chow, 1964 '), for typical values). It should be noted that can be 
identified using observations of either river discharge or the rise in groundwater level. If both 
observations are available, more reliable estimate of can be obtained and validated from the 
surface and subsurface hydrological point of view. 

The advantage of equation (3) is that practitioners can apply typical local Fi, values that best 
describe the ground surface conditions. It is also empirically known that surface runoff coefficient 
changes with increase in the rainfall intensity. The dependency may be described by the Monod 
type function. The other parameters such as H, H;, Ro, a~ and q,(t) which are used for describing 
the evapotranspiration and groundwater recharge rate are also explained in the previous paper 
(Tsutsumi. A., et al., 2004). 

Kondo et al. (1992) 6, presented potential evapotranspiration for a forest covered by trees of 
15 m height and a leaf area index (LAI) equal to 6 in summer and 3 in winter. In their study, data 
from 66 regional meteorological stations in Japan were used for determining interception. The heat 
balance-bulk method was applied to calculate transpiration and direct evaporation of intercepted 
rainfall. 

Figure 2 shows the monthly precipitation and estimated monthly rainfall interception by Kondo 
et al. (1992) in Fukuoka and for 12 months, hence, the direct evapotranspiration from the forest 
canopy can be calculated. 






















