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Abstract
The analyses of rainfall characteristics form the core of the hydrological design of rainwater catchment system. Of importance are such aspects as rainfall amount, rainfall distribution, length of wet and dry spells, drought severity among others. The coefficient of variation, unlike the standard deviation, does not depend on the annual totals but only on the degree of variation between the monthly totals for each year. Rainfall amount and rainfall distribution are analysed by calculating the probability of exceedence for each value according to a plotting position formula devised by Weibull.
The results indicate that in the hydrological design of rainwater catchment system, two aspects of rainfall are of paramount importance. These are rainfall amount and rainfall distribution. The hydrological design leads to the determination of the major parameters of catchment area and tank size. This study therefore serves to demonstrate adequately that rainfall amount influence catchment size while rainfall distribution influences the storage capacity.

1 Rainwater Catchment System Design Methods
The major parameters involved in rainwater catchment system design are the collection area, water demand pattern, rainfall pattern, storage capacity and system reliability. Of the five, the major item of uncertainty is the rainfall regime, which must be analysed in order to determine both the minimum collection area and the size of the tank. 

Ngigi (1996) has proposed an extensive investigation of rainfall characteristics such as rainfall amount, rainfall distribution, length of wet and dry spells and severity of drought among other factors for rainwater catchment system design purposes. However, in his development of rainwater catchment system design curves for Kitui area in Kenya, only the reliability of rainfall amounts is established. The reliability of rainfall distribution and its effect on rainwater catchment system design are only mentioned but not taken into account in the design method adopted. Scott, Mooers and Waller (1992) in their development of cistern sizing reference map have used rainfall amounts without any specific consideration of the rainfall distribution. Hai (1998) research in runoff harvesting potential for crop production in Kitui, Kenya uses a rainfall probability to determine design rainfall based on rainfall amounts only. 

Schiller and Latham (1987) in their comparison of commonly used hydrologic design methods, notes that the major constraint in the design process is cost which is directly related to the size of the tank. The main part of rainwater catchment system design is in the estimation of tank size required, a quantity that depends on the demand level, the rainfall regime and the reliability of supply required. It is towards this end that a classification of rainfall distribution into various levels of reliability has been attempted using the coefficient of variation values to facilitate more accurate design of storage capacities.

2 Procedure
The procedure adopted in this study involves the establishment of the reliability of both rainfall amount and rainfall distribution. The combination of the two reliabilities gives the overall design reliability.

2.1 Rainfall amount probability

A preliminary analysis of the historical rainfall data was performed to ensure homogeneity. The 63 years of data were then arranged in descending order and the probability of a given amount was computed using the equation given below: -




where; P= probability of this amount of rainfall being exceeded


r= rank of rainfall value (highest = 1; lowest = N)


N= total number of data in years

2.1.1 Rainfall distribution reliability

The variation of monthly distribution of rainfall in a year was computed using the coefficient of variation for each of the 63 years of data. The coefficient of variation unlike the standard deviation does not depend on the annual rainfall but only on the degree of variation between the monthly totals for each year. The probability of a given value of coefficient variation that represents that rainfall distribution reliability is obtained using the procedure and the equation given above.

2.1.2 Probability rainfall

Probability rainfall is derived from both rainfall amount and rainfall distribution probability. The distribution of an annual total within the twelve months of the year can be obtained by computing the proportion of the annual total that each month contributes. This leads us to a situation where any given probability of rainfall amount can be distributed in any of the computed probability of rainfall distribution that is desired. Using this approach, a 10% rainfall amount probability is distributed using the proportions obtained in a 10% rainfall distribution probability. The result is the 10% probability rainfall. This is repeated for other levels.

2.1.3 Factor experimentation

The first trial was performed using seven sets of rainfall amount probability, each of which was distributed using the proportions obtained in a single probability of rainfall distribution probability. The rainfall probabilities were then subjected to mass curve analysis to determine the catchment area and storage capacity requirements to serve given water demand. This is repeated for four more probabilities of rainfall amount.

In the second trial, five sets of rainfall distribution probabilities are applied to a single rainfall amount probability. The resultant probability rainfall is subjected to mass curve analysis to determine the catchment area and storage capacity requirements as in the first trial. This is repeated for six more rainfall amount probabilities.

3. Results and Discussion

Results in table 1 show that for each rainfall distribution probability, the tank size remains fairly constant even when rainfall amount probability is increased at that particular rainfall distribution probability. Each rainfall distribution probability level has its own unique storage capacity. This is illustrated in figure 1.

Table 1: Tank size designs (m3) at various rainfall amount reliabilities and constant rainfall distribution reliability

Rainfall amount reliability
Catchment area (m2)
Tank size (m3) at various reliabilities of rainfall distribution



30%
50%
70%
90%
95%

10%
52
6.6
8.6
12.1
13.6
21.9

30%
64
6.3
8.3
11.7
13.2
21.4

50%
72
6.4
8.3
11.8
13.3
21.5

70%
88
6.3
8.2
11.7
13.2
21.3

80%
96
6.4
8.4
11.8
13.3
21.5

90%
122
6.4
8.3
11.8
13.3
21.5

95%
130
6.3
8.2
11.7
13.2
21.4

Average tank size (m3)
6.4
8.3
11.8
13.3
21.5

Table 2: Roof catchment area design (m3) at various rainfall distribution reliabilities at constant rainfall amount reliability.

Rainfall distribution reliability
Tank size (m3)
Catchment area (m2) at various reliabilities of rainfall amount



10%
30%
50%
70%
80%
90%
95%

30%
6.4
52
64
72
88
96
122
130

50%
8.3
52
64
72
88
96
122
130

70%
11.8
52
64
72
88
96
122
130

90%
13.3
52
64
72
88
96
122
130

95%
21.5
52
64
72
88
96
122
130

The results for trial two shown in table 2 on the other hand portray a different scenario. For each rainfall amount probability, the catchment area remains fairly constant even as rainfall distribution is varied to different levels, for that particular level of rainfall amount probability. Each level of probability of rainfall amount has a unique catchment area.

4. Conclusion

The results indicate that in a hydrological design of rainwater catchment systems, two rainfall characteristics are of great importance. These are the rainfall amount and the rainfall distribution. This study demonstrates adequately that rainfall amount influence catchment area while rainfall distribution influence storage capacities.
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