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Analysis on Spatial Variability of Rainfall in a Small Area
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Abstract

This study deployed six rain gauges in a small area for a dense network observing rainfall and analyzed
the spatial variability of rainfall. They were arranged in a 2 X 3 rectangular grid with equal space of 60
m. The rainfall measurements from five gauges were analyzed during the period of 50 days because one
was seriously affected by alien substance. The maximum difference in cumulative rainfall from them is
approximately 38.5mm. The correlation coefficients from hourly rainfall time series differ from each other
while daily rainfall coincide. The coefficient of variation in hourly rainfall varies up to 224% and that in
daily rainfall up to 91%. The results from uncertainty analysis show that with only four rain gauges areal
mean rainfall cannot be estimated over 95% accuracy. For reliable flood prediction and effective water
management it is required to develop a new technique for the estimation of areal rainfall.
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Fig. 1. (a) Location Map and (b) a Satellite Image of the Experimental Site and (c) the Alignment of
The Rain Gauges
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Table 1. Specification of the Rain Gauges
Deployed in this Study

Gauging type Tipping bucket

Funnel collector | 20 cm diameter

20 cm diameter x 52 cm high

Size (stainless steel)
Sensitivity 0.5 mm per tip

+1% from 1 mm/hour to 100
Accuracy

mm/hour

Output signal Pulse signal

Reed switch Normally open type

10 VA (DC 100 V max, 05 A

Contact capacity
max)

Contact time 150 msec + 10 msec
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Fig. 2. Plots Comparing the Time Series of Hourly (blue bars) and Cumulative (red lines) Rainfall
from Six Rain Gauges

Table 2. Comparison of Cumulative and Mean Daily Rainfall and Sum of Hourly and Daily Rainfall Depths
over Different Thresholds. Parentheses Indicate the Percent Ratio of the Sum of Rainfall over Thresholds

to the Rainfall Depth Accumulated

RG1 RG2 RG4 RGbH RG6
Rainfall depth (mm) 402.0 378.0 363.5 399.0 388.0
Maximum value of hourly
rainfall (mm/hour) 16.5 18.0 18.0 175 185
Maximum value of daily
rainfall (mm/day) 90.0 815 84.5 86.5 86.5
>1mm/hour | 3785 (94.2%) | 353.5(93.5%) | 336.0 (92.4%) | 373.0 (93.5%) | 366.0 (94.3%)
houfllifn}a(i)rflfaﬂ >5mm/hour | 220.5(54.9%) | 210.5 (55.7%) | 206.5 (56.8%) | 228.0 (57.1%) | 224.0 (57.7%)
over thresholds = 10 mm/hour | 84.5(21.0%) | 725(19.2%) | 825 (22.7%) | 76.5(19.2%) | 74.0 (19.1%)
> 15mm/hour | 47.5 (11.8%) 180 ( 4.8%) | 33.0(9.1%) | 50.0(12.5%) 185 ( 4.8%)
>10mm/day | 394.5(98.1%) | 371.5(98.3%) | 348.5(95.9%) | 382.5(95.9%) | 372.0 (95.9%)
Sum of daily | =20mm/day | 2925 (72.8%) | 256.0 (67.7%) | 2455 (67.5%) | 269.0 (67.4%) | 263.5(67.9%)
rainfall over >30mm/day | 222.5(55.3%) | 205.5 (54.4%) | 165.0 (45.4%) | 220.0 (55.1%) | 214.5 (55.3%)
thresholds >40 mm/day | 222.5(55.3%) | 166.0 (43.9%) | 128.5(35.4%) | 220.0 (55.1%) | 214.5 (55.3%)
> 50 mm/day 90.0 (22.4%) | 81.5(21.6%) | 845(232%) | 865(21.7%) | 86.5(22.3%)
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Table 3. Correlation Coefficients for the Accumulation Time and Inter-gauge Distances
60 m 85 m 120 m 134 m
(RG1-RG2, RG1-RG4, | (RG1-RG5, RG2-RG4, (RG4-RG6) (RG1-RG6)
RG2-RG5, RG4-RG5, RG2-RG6)
RG5-RG6)
5 min. 0.5957 0.5459 0.5819 0.54%4
10 min. 0.9111 09117 0.8988 0.9067
15 min. 0.9428 0.9471 0.9367 0.9412
30 min. 0.9734 0.9758 0.9681 0.9742
hourly 0.9839 0.9865 0.9787 0.9856
daily 0.9955 0.9967 0.9922 0.9987
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Fig. 3. Scatter Plots Indicating the Linear Relationships between RG1 and RG5 Corresponding to Increasing
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