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ABSTRACT 

A computer monitored network of rapid response Raymond-Wilson rain

fall intensity gauges has been esta6lished at the Cloud Physics Observa

tory (CPO) ~ on the windluard coast of the island of Hawaii~ to record the 

passage of both warm and cold showers. These showers are charact~rized by 

high intensity rainfall (50 to 300 mm/hr) and an associated increase in 

atmospheric pressure~ a change in wind velocity~ and a reversal of the 

electric potential gradient. The showers often occur at night~ during the 

ma:x:imum of the diurnal pressure oscillation~ and frequently in groups of 

two to four with an interval of 10 3 to 10 4 seconds between separate 

showers. A relationship between the height of the base of the trade wind 

inversion and the total amount of rainfall was obsepfjed~ indicating that 

almost no rainfall occurs if the inversion base is less than 2 km. 
/ 

A drop-size in8trument (DSI) was developed and used to measure the 

raindrop-size spectrum. Prom this measurement and the rainfall intensity~ 

an estimation of the liquid water content (LWC) of precipitating clouds 

was derived. The LWC (2.0 to 8.0 g/m 3
) was found to be larger than that 

generally assumed for trade wind showers. 
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INTRODUCTION 

This is the third in a series of reports on measurem~nts of high 

intensity rainfall on the eastern coast of the island of Hawaii. The 

first report (Fullerton 1972) was a summary of available rainfall data 

for Hilo, Hawaii, as measured and compiled by the National Weather Service. 

More than 150,000 hourly rainfall values were analyzed and displayed by 

intensity category and diurnal time of occurrence, on twelve monthly 

graphs, each a composite of at least seventeen years of data. 

The second report (Fullerton and Raymond 1973) covered instrumenta

tion developed at the Cloud Physics Observatory to measure high intensity 

rainfall. The Workman and Raymond-Wilson gauges were described, compared 

with standard gauges, and some initial results were outlined briefly. 

This report will provide data on the rain gauge network used in the 

project, a further description of the instrumentation employed and results 

obtained. 

Rain showers occur frequently on the windward coast of the "Big 

Island" of Hawaii, producing from 250 to 750 cm of rainfall per year, 

depending upon the geographical location and elevation of the measurement 

point. The showers result principally from lifting of moisture-laden 

northeast trade winds as they encounter the twin mountain masses of Mauna 

Kea and Mauna Loa, each of which rises to almost 14,000 feet (4.3 km) 

above sea level. Vertical cloud development normally is restricted by the 

trade wind inversion, which functions about 75 percent of the time to 

limit cloud tops, usually to less than 3.5 kilometers. The majority of 

the clouds are, therefore, warm and shallow, from which might generally 

be expected drizzle-type showers with low to moderate rainfall rates. 

What frequently is observed, however, are sharp bursts of relatively 

high intensity convective rainfall of but brief duration at a single 

measuring point. Most of these showers appear to form over'the ocean and 

move inland and upslope quite rapidly (3 to 4 mjsec). The brief duration 

of the high intensity episodes within the swiftly moving shower pattern 

suggests the presence of small rainfall cells with relatively high liquid 

water content (LWC). 
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RAIN GAUGE NETWORK 

A major purpose of the present project is to study variations in rain

fall intensity, especially those changes which occur over small distances 

(tens to hundreds of meters) and brief time intervals (seconds to tens of 

minutes). Studies on these scales are important both to hydrology and 

communications. 

Hogg (1967), in communications studies, has shown that showers 

producing heavy rainfall occur over small areas or distances,.while network 

studies by the Illinois State Water Survey (Huff 1973) have shown that 50 

percent of the total rainfall occurs in only 15 percent of the time it is 

raining. Huffet ale (1969) found that rainfall rates in excess of 50.mm/hr 

occurred only 5 percent of the time and only over 12 percent of the area of 

the network. Delogne et al. (1973) have observed in Belgium that showers 

with intense rainfall rates are very localized. Norbury (1973) has observed 

twelve showers in two months with rainfall rates in excess of SO mm/hr along 

an 8 km line network. 

Most of the data on rainfall rates, as measured over time intervals of 

1 min or less, have been obtained from short-term special studies. Accord

ing to Huff (1973), projects lasting several seasons or a year are almost 

nonexistent. Abel and Ochs (1973) are currently setting up a network 

capable of measuring precipitation rates of up to 300 mm/hr with results 

reported to a central computer every 10 sec. The study is expected to 

continue for at least a year. 

For the last two years, measurements have been made of space and time 

variations in the rainfall rate associated with Hawaiian tropical showers. 

These measurements have been carried out at the Cloud Physics Observatory 

(CPO) in Hilo over a network of closely spaced rainfall intensity gauges 

which were developed especially for this project (Fullerton and Raymond 

1973). 

Figure 1 is a map indicating that gauges Ll through L5 are oriented 

roughly north-south, normal to the usual movement of showers carried inland 

by the ENE trades. Gauges L6 and L7 are placed generally perpendicular to 

the line, thus giving temporal as well as spatial information (Table 1). 

Hundreds of showers have been followed across this network. The 

passage of both cold rain showers (Fig. 2) and warm rain showers (Fig. 3) 

have been recorded. The scale resolution of the network allows observation 
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of the passage of the individual cells comprising a shower. Figure 3 shows 

the record of an individual cell moving across the network. Just as the 

trailing edge of the shower cleared gauge L6, the leading edge arrived at 

gauge L7. Calculations indicate a cell diameter of approximately 400 

meters, and a shower speed of about 3.3 m/sec. 

TABLE 1. CLOUD PHYSICS OBSERVATORY (CPO) RAIN GAUGE LOCATIONS. 

GAUGE 

Ll 
L2 
L3 
L4 
L5 
L6 
L7 

EAST-WEST 
(METERS) 

o (ORIGIN) 
- 67.2 
- 16.5 
-142.7 

6.0 
205.5 

-252.8 

COORDINATES 
NORTH~SOUTH 

(METERS) 

o 
-133.1 
- 68.4 

60.4 
97.5 

1.2 
-177.8 

Topographic effects may influence the results obtained over this net

work. Gauge L6 is at an elevation of 130 ft (39.6 m) while gauges Ll and 

L3 are 160 ft (48.8 m) above sea level. The 5 percent slope (1/20) of the 

terrain might be expected to cause some orographic effects (Bergeron 1960). 

In November 1973, three showers moving from the ENE gave gauge L6 only 62 

percent of the (Ll, L3) average. Even in the case of southerly propagating 

shower, gauge L6 was only 86 percent of the (Ll, L3) average. These 

results, while inconclusive, appear to indicate that even on this small 

scale network the effect of slope may be important. 

In addition to the measurements derived from the network of rain 

gauges, supplementary data on wind velocity, atmospheric pressure and 

temperature, wet-bulb depression and the electric potential gradient also 

are collected and fed directly into a small computer system. Table 2 

provides basic information on. the parameters measured and the sensors used. 

RAINFALL INTENSITY GAUGES 

The basic instrument required in the present project is a rainfall 

intensity gauge with a sufficiently rapid response to resolve the high 

speed variations in rainfall rate known to occur in convective showers. 

As indicated in earlier reports, the Workman gauge has the necessary 



TABLE 2. CLOUD PHYSICS OBSERVATORY (CPO) INSTRUMENTS. 

DESI<r- CALI- SENSITIVITY RESO- RE-
NATI(l\J PARAMETER TYPE BRATION UNITS/0.1 v LUTION ACCURACY SPONSE 

Ll - L7 RAINFALL IN- CPO RESISTANCE POSITIVE 16 nun/hra 1 nun/hra 
± 5% 1 sec:: 

TENS I TY GAUGE DISP. PlJw1P 3 nun/hrb 0.3 nun/hrb 

U, V, W WIND GILL PROP ANEtv1O- SYNCHR(l\J()US 10 mph 0.1 mph ± 1% - 1 sec 
METER (R.M. YOUNG) AC tv1OTOR 

PR ATtv10SPHERIC CPO CAPACITOR LIFTING KNOWN 0.72 mb/hr 0.0072 mb/hr ± 5% <0.1 sec 
PRESSURE RATE MANOMETER HEIGHT IN 

NATURAL FIELD 

ETR PRESSURE CPO NICKEL WIRE THERM)METER 0.16° C 0.0016° C ± 1% 20 min 
TRANSDUCER 
TEMPERATURE 

E POTENTIAL NRL FIELD MILL ELECTRO'1ETER 30 vim 0.3 vIm 
GRADIENT MARK IV 

TD AMBIENT AIR CPO THERMISTOR Hg THERMOMETER 1.6° C 0.016° C ± 1° C 1 sec 
TEMPERATURE 

DPD WET-BULB CPO THERMISTOR Hg THERMOMETER 0.4° C 0.004° C ± 0.5° C 
DEPRESSION 

a 60 - 400 nun/hr 
b < 60 nun/hr 

:: INCREASES WITH FUNNEL SIZE. 

-...) 
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characteristics but proved to be somewhat unreliable in field tests. As a 

result, the Raymond-Wilson gauge was developed especially for this study. 

Such instrumentation is considered essential, particularly in view of 

Rodda's (1972) cogent observation that "our ability to model has outrun our 

ability to collect data accurate enough to prove our model." This situation 

certainly is evident in the area of high intensity precipitation studies. 

Since the time of Gallenkamp (1905), many quantizing rainfall rate 

gauges have been made and used. A current version of the Gallenkamp 

approach, forming the rain water sample into known size drops and counting 

the drops, is the British Meteorological Office rainfall rate recorder 

which measures a maximum rate of 50 mm/hr. The Norbury and White (1971) 

gauge measures up to 200 mm/hr and has a sedimentation tank for particle 

removal. Abel and Ochs (1973) have developed a rainfall intensity gauge 

which measures a maximum rate of 300 mm/hr. 

The most common of the quantizing gauges is the tipping bucket. Most 

studies of rainfall intensity (for example, Austin and Houze 1972) use 

gauges of this type. The major problem with the tipping bucket gauge is 

the loss of water during tipping (Middleton and Spilhaus 1953). This 

deficiency is magnified with larger than standard funnels and during higher 

intensi ty rainfalls. 

A modern quantizing gauge that appears to be promising is the Finnish 

gauge manufactured by Vaisala Oy (1973), which can measure a maximum rain

fall rate of 450 mm/hr. It is similar to the tipping bucket gauge, except 

that the instrument uses electronic level detectors to set volume and a 

solenoid value which "during draining of the measuring chamber the incoming 

water is not wasted ... " (Yaisa1a Oy 1973). 

A number of rainfall rate gauges have been developed on the concept of 

weighing the total amount of rain water. An early example is the Road 

Research Laboratory's channel-type rate of rainfall recorder (Lewis and 

Watkins 1955), which measure? rates up to 127 mm/hr with ±10 percent error. 

The Workman gauge (Taylor and Fullerton 1970), developed at the CPO, 

is similar to the gauge developed by the Road Research Laboratory. It has 

operated virtually continuously for six years at the CPO, providing excel

lent results when operated under optimum conditions. During extensive 

field trials, however, it has proven to be too sensitive to dirt, insects, 

temperature f1uctuations~ and other disturbances to be useful as a 10ng-
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term, unattended field instrument. 

Another approach to the measurement of rainfall intensity is based 

upon Torricelli' s theorem and Bernoulli's principle, which state that the 

efflux velocity of a liquid depends only on the height of the liquid above 

an orifice. The Jardi rate-of-rainfa11 gauge utilizes this approach. 

Some rapid response «1 min) gauges are based on the electrical proper

ties of water. Semp1ack (1966) designed a gauge which used capacitance 

effects to sense the water level in an inclined trough. Seibel (1972) 

further improved the gauge's flow characteristics. Morgan (1968) has modi

fied the Semplack gauge based upon Torricelli's theorem. 

A gauge of the Semplack type was made and tested at the CPO. It was 

found to exhibit pronounced hysteresis effects which are believed to be due 

to the sides of the trough staying wetted (an exaggerated meniscus) and a 

larger capacity than the flow height being simulated. 

A resistance-type gauge was developed for the present project. The 

gauge has been described by Raymond and Wilson (1974) and compared with 

other gauges (Fullerton and Raymond 1973). Since its initial development, 

experimentation has continued with three modifications (Fig. 4) currently 

being tested. 

In earlier versions of the Raymond-Wilson resistance gauge, a dam was 

used to impound the water, thus forming a measurement section of fixed 

resistance geometry. In the experimental design (Fig. 4), the dam has been 

replaced by a recessed well to improve the flow characteristics of the 

water in the inclined trough. The trough itself is being fabricated from 

vinyl plastic, rather than from plexiglass, and the included angle between 

the trough sides has been reduced from 90° to 60°. A significant improve

ment is the relocation o.f the lpwer el~ctrode off the trough surface. This 

placement allows a positive indication of. the "no flow" condition, thereby 

eliminating the fictitious signal produced in earlier models by the forma

tion of a surface film (Fullerton and Raymond 1973). 

The rapid response and superior time resolution of the Raymond-Wilson 

gauge are illustrated in Figures 5, 6, and 7,. and its characteristics are 

listed in Table 2. The calibration of the gauge was described by Fullerton 

and Raymond (1973). Since the question of the effect of rain water temper

ature on gauge readings has been raised for other gauges (Lewis and Watkins 

1955), a study was undertaken to determine the magnitude of this effect on 
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the Raymond-Wilson gauge. As seen in Figure 8, a change of 46° C produces 
, 

a change of approximately 15 percent at an intensity of 150 mm/hr. The 

small temperature variations of tropical rain showers should have a negli

gible effect on the measurements. 

RELATIONSHIPS WITH TIME, AIR PRESSURE, WIND, AND POTENTIAL GRADIENT 

A periodicity of 103 to .. 10~ , se~o!1d.? .bet,~~~n passag;es o~ high intensity 

showers (Figs. 9, 10, and 11) has been observed during this project (Raymond 

1973) and in San Francisco (Giessner et al. 1973). A similar periodicity 

has been reported by Matsumoto (1973) in studies of cumulus convection and 

mesoscale disturbances. 

Figure 12 shows the diurnal distribution of the maximum daily rainfall 

intensity episode for March through August 1973. In this six-month period, 
t . , 

51 percent of the peak intensity events occurred in the 8-hour period from 
\ 

1900 to 0300 hours while only 16 percent fell in the 8 hours from 0700 to 
, 

1500 hours. The remaining events 'were evenly: distributed in the 4-hour 
; t 

periods from 1500 to 1900 hours and 0300 to 0700 'hours. The time of the 

maximum rainfall rate events appears' to coinci~~with the nighttime maximum 

of the diurnal pressure oscillation. This diuTnal occurrence has been 
~ , ~ . 

observeq by Phillips (1973) in Colorado, by Huf~ (1973) in Illinois, by Tre-

wartha (1954) in Central America, and by Fullerton (1972) in Hawaii .. The 
! 

current study indicates that approximately 68 percent of the trade wind-

associated warm rain showers during September and October 1973 coincide with 

the nighttime high of the diurnal pressure fluctuation. 

It appears that it is not just the nighttime pressure maximum, but more 

specifically the increasing slope of the atmospheric pressure curve, as 

shown in Figure 9, which correspond to the onset of rainfall. This is 

further illustrated in Figure 13 which shows the pressure change associated 

with peak "A" of Figure 9. These detailed changes in pressute were recorded 

by the CPO microbarograph which was developed for this project (Fullerton 

and Raymond 1973). The resolution of the barograph permits the passage of 

individual cells to be related to the associated pressure changes (Figs. 9, 

11, 13, and 14). 

Figures 10, 14, and 15 show the changes in wind direction frequently 

associated with pr~'<;ipitation events. ' The wi~d often changes direction by 
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FIGLRE 12. 

TIME OF DAY (LOCAL) 

HISTOGRJVv1S OF n-E TIME OF OCCURRENCE OF THE MAXIMLM DAILY RAIN
FALL INTENSITY FOR SIX MONTHS DURING 1973, SHOWING THE PRE
DOMINANCE OF NIGHTTIME RAIN. 
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FIGURE 14. PLOT OF A TYPICAL TRADE WII'l> SI-DWER PERIOD. Ti-E RAINFALL 
INTENSITY IS FOUR-SECOND INTERVAL DATA; OTHER PLOTS ARE TWO-
MINUTE AVERAGES. PROGRAM: WIND. 
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UPSLOPE-DOWNSLOPE TRANSITIONAL PEIUOD. THE RAINFALL INTENSITY 
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about 1800 as a cell passes over the network, and then returns to its ini

tial direction (Fig. 10, 2030 hours). The change is associated frequently 

with a pressure increase, as has been noted at the CPO by Raymond (1973) 

and by Matsumoto (1973) in mesoscale precipitation studies. Not every sud

den change in wind direction, however, is associated with precipitation 

(Fig. 11, 0200 hours), nor is every precipitation event accompanied by a 

change in wind direction (Fig. 10, 2110 hours). 

The potential gradient usually ·changes from positive to negative values 

during precipitation (Takahashi et al. 1969). Figures 10, 15, and 16 indi

cate that the potential gradient often varies with the passage of individual 

cells. This variation is especially pronounced for thunderstorms (Fig. 16) 

where the potential gradient may become so large as to saturate the field 

mill (~ 480 vim) operating in its normal mode. By comparison, warm rain 

showers (Fig. 10) typically are associated with potential gradients of 50 

to 75 vim. Not every shower has a related negative potential gradient, and 

not every case of negative potential gradient is shower related. 

PROTOTYPE DROP-SIZE INSTRUMENT (DSI) 

Estimation of the liquid water content of precipitating clouds, as 

derived from measurements made on the ground, requires determination of the 

raindrop size spectrum. Mason and Ramanadham (1953) built a reflective 

type opto-electric drop-size instrument which operated with difficulty 

under high ambient light levels. Knollenberg (1970) built an airborne opto

electric OSI which operates over a fairly limited dynamic range. Stockham 

et al. (1971) built a vidicon OSI which provides only small time samples and 

which has a limited dynamic range. 

Various methods have been used at the CPO to measure drop size. Stan

dard filter paper methods have been used for several years. E.J. Workman 

(Fullerton 1967) designed and built a momentum transducer type OSI (using a 

geophone seismometer) which measured drop size and electrical charge but 

which required a collimating tower which restricts its general usefulness. 

For this project, a new OSI has been developed which is capable of measuring 

drop sizes from 0.3 mm to 6.0 mm diameter in real-time rain fields. The 

measurement is independent of the drop fall speed and incident drop angle. 

In field trials, OSI rainfall records were compared with those from a 
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Raymond-Wilson gauge (Table 3). The measurements were as close as those 

obtained when comparing two Raymond-Wilson gauges, provided that the wind 

speed was less than 5 m/sec and -the rainfall rate below 80 mm/hr. The 

reliability of the DS! with higher wind speeds and rainfall intensities is 

limited at present by instrumental edge effects caused by packaging design 

and is not an inherent defect of the device. 

TABLE 3. DSI CALCULATED RAINFALL PARAt-'ETERS 00 SEC SAMPLES). 

TIME MEDIAN DROP 
(min:sec) DROP COUNT SIZE (mm) 

14:19:00 
19: 15 
19: 30 
19:45 
20:00 
20:15 
20:30 
20:45 
21:00 
21:15 
21: 30 
21: 45 
22:00 
22:15 
22:30 
22:45 
23:00 
23:15 
23:30 
23:45 
24:00 

98 
122 
167 
163 
136 
94 

124 
349 
294 
235 
332 
380 
653 
727 
392 
430 
613 
674 
997 
905 
644 

0.7 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
1.1 
0.9 
0.8 
0.6 
0.8 
0.6 
0.8 
0.9 
0.9 
0.9 
0.8 
0.9 
0.9 
0.7 

RAINFALL INTENSITY (mm!hr) 

DSI 

1.7 
2.9 
3.6 
3.8 
3.3 
2.2 
2.7 

10.0 
7.1 
5.0 
6.4 
8.3 

12.9 
15.5 
9.1 

10.5 
15.2 
15.2 
25.5 
21.2 
12.7 

RAYMOND-WI LSON 
GALX;E 

5.0 
6.0 
6.0 
5.0 
9.0 

10.1 
10.8 
8.0 

10.0 
12.0 
20.0 
13.0 
24.0 

The current DS! is shown schematically in Figures 17 and 18. The 2 mm 

by 30 mm area is fractionally occluded by a falling drop so that some por

tion of the incident light is intercepted and does not fallon the sensor. 

The total amount of radiation falling on the sensor is decreased proportion

ally. The output voltage of the photofet is linearly proportional to 

incident radiation and, therefore, to the cross-sectional area of a drop. 

An important attribute of the drop-size instrument is the ease of 

calibration. With open loop light source control, static calibration is 

possible. An occluding wire may be held in the light field and the output 

voltage measured (Fig. 19). This steady state calibration agrees well with 

dynamic values and also was used to investigate the uniformity of the light 
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field (±10 percent). The dynamic calibration shown in Figure 19 was dOne 

using two separate methods. First, water drops from a drop generator built 

at the CPO were allowed to fall through the light field. The filter paper 

method was used to determine drop size (50 drops were used as a sample for 

a single point). A second method was used to allow recalibration against a 

"standard." In this case, a piece of magnet wire (a precisely sized copper 

wire used in transformers) was rotated in the optical .field; from the 

diameter of the wire and the slit size (which may be measured), an area was 

calculated for each wire size. The agreement between water drop experi

mental points and wire points is sufficient to assume that a drop is opaque. 

The electronics circuit is shown in block diagram form in Figure 18. 

A detailed schematic is not given because the circuit was built from avail

able parts and is by no means an optimum design. The photofet is in a 

source-follower configuration which gives the best response time to changes 

in radiation. A voltage-follower operational amplifier is used to provide 

isolation for primary output A. The next stage provides a noninverting 

voltage gain of 259 for secondary output B. While the lamp may be powered 

by a l2-volt automobile battery, it is preferable to use a dual-filtered 

IS-volt power supply with closed loop regulation to approximately 11 volts. 

The primary output is integrated and compared with a reference voltage in 

an operational amplifier which drives a 2N3055 power transistor. At this 

stage, the lamp voltage is varied to compensate for aging, slight misalign

ment, and other minor changes. 

The major problem appears to be the lack of a stable "point" source of 

light. The heating and cooling of the glass envelope by random air move

ments effectively masks any drop signal. The problem was resolved by using 

a heat insulation housing over the light source with only a tiny hole pro

vided for exit of light. A foam or fiberglass box of 10 mm wall thickness 

is sufficient, provided that it is nearly air tight. The present design 

allows air leakage when the wind speed exceeds approximately 30 mph 

(15 m/s). 

The optics were mounted on a steel "I" beam to fix the internal dimen

sions. It was observed that external vibration of the "I" beam coupled to 

the unstable (almost liquid) lamp filament produced a vibrating light source 

equivalent to noise in the system. In order to incr~ase signal-to-noise 

ratio, the "I" beam was suspended on springs, thus filtering out external 
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vibrations. This configuration allows the signal produced by 0.2 rnm diam

eter drops to be about twice the height of a noise signal. 

During development of the DSI, considerable time was spent monitoring 

the drop signature on an oscilloscope. Occasionally an unusual type of 

trace was noticed. Figure 20 is a reconstruction of oscilloscope traces. 

Trace A is representative of a normal drop. The unusual trace C corresponds 

to only about 0.1 - 0.2 percent of the drops observed. If a coincident 

event occurs (two drops observed at approximately the same time) a composite 

of their passage, trace B, is observed, which results in a longer transit 

time through the 2 rnm observational zone than for a normal single drop 

(trace A). Since trace C has an observation time of the same duration as 

trace A, it is not believed to be a coincident event. Instead, it is be

lieved that trace C represents a drop whose shape was changing with an 

apparent period of 260 ~ sec as it fell through the DSI. If this supposi

tion is correct, the DSI provides a means of observing and measuring the 

oscillation frequencies of natural raindrops. Such oscillations are known 

to occur in laboratory studies and wind tunnel experiments. 

Modifications will be required to extend the validity of the DSI under 

conditions of high wind and high rainfall intensities. With a different 

type of light source, the instrument could be used in aircraft. Further, 

a data reduction method that does not fully occupy a minicomputer should be 

devised. 

DATA PROCESSING 

Signals from the rainfall intensity gauges, microbarograph, anemometer, 

temperature, wet-bulb depression, and potential gradient instruments are 

collected in two stages. In the initial stage (Fig. 21), the instrumental 

response is an analog signal. These signals are directly interfaced to a 

32-channel analog to a digital (A-D) converter. The output voltages are 

sampled every four seconds by a PDP 11/20 computer. The control program 

SAMPLE stores these digital voltages, with the time of sampling, on a high 

density RKII disk in a file designated SAMPLE.DAT. One hour of data occu

pies about 130 blocks for the 15 sensors shown in Table 2. Sihce most 

showers occur at night, data are taken from 1800 to 0600 hours, leaving some 

disk space available during normal working hours for data reduction. 
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STAGE I - DATA COLLECTION 

NATURE 

INSTRUMENTS 

ANALOG TO DIGITAL 
CONVERTOR (A-D) 

CENTRAL PROCESSOR 
UNIT (CPU) 

DISK 

BUS 

BUS 

1 
SEE LISTING 
IN TABLE 2 

, yRAIN.PRM,1 

SAMPLE 0 
; ~SAMPLE.DAT 

SAMPLE. OAT 
STORED, .HERE 

FIGURE 21. STAGE 1 OF DATA ACQUISITION. FLOW OF DATA TO STORAGE ON THE 
DISK FOR LATER REDUCTION. 
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The next stage (Fig. 22) is the conversion of digital voltages into 

meaningful units. The coefficients of a cubic equation which convert each 

particular voltage to a given unit (mm/hr, mIs, vIm, mb/hr, etc.) are 

contained in the file CALIB.CAL. The primary reduction program, PARSE, 

uses these coefficients and the data file SAMPLE.DAT as input to write 

rain files and a back-up file (RAINxx.DAT and BACKxx.DAT). A rain file 

identification number is allocated to each rain sensed as being greater 

than 10 mm/hr for two consecutive samples at any location. A particular 

shower event is considered to have ended.when all of the rain gauge out

puts remain less than 5 mm/hr for more than two minutes. All rain gauge 

intensities are stored for every four-second sample that qualifies. These 

rain files usually occupy from 0 to 400 blocks. The back-up file converts 

15 four-second samples to a one-minute average for each of eight sensors: 

rain gauge L3, U and V winds, atmospheric pressure rate, pressure gauge 

temperature, ambient air temperature, wet-bulb depression and potential 

gradient. This file is usually made up of 100 blocks and has a file iden

tification number. Finally, if,ahy of these files contain significant 

events, they are stored with file identification numbers in concentrated 

RAINxx.DAT or BACKxx.'DAT files on magnetic tape. 

Each of the eight programs .shown in Figure 23 may be displayed on an 

x-v plotter. Examples of outputs from the various programs are shown in 

Figures 3, 4, 9,10, 23" and 24 ~ FINDER extracts specific data in the 

same general format as WAVE and so is not illustrated. 

The DSI also is interfaced with the PDP 11 computer. Unfortunately, 

because of limitations in the computer core size and disk operating sys

tem, the rainfall intensity gauge data cannot be processed and recorded 

simultaneously with the DS1. 

The DSI responds to a falling drop by generating one pulse train at 

the primary output and an amplified pulse train at the secondary output. 

These output 'voltages go to the A-D converter and the digital output 

representing the pulse height is stored in the computer. The stored pulse 

height associated with drops of 0.3 to 2.0 mm diameter is derived from the 

seco~dary output; drops greater than 2 mm diameter are detected at the 

primary output. A file containing all the pulse heights detected is 

written, subsequently read and a pulse height analysis performed. The 

analysis sorts the pulses into drop-size intervals. 
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FIGURE 22. STAGE 2 OF DATA PROCESSING AND DISPLAY. BACKUP AND RAIN FILES 
ARE CREATED AN) STORED FOR FUTURE DATA PRESENTATIa-J. 
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29 AUGUST 1973 

T !tiE SPEED ANGLE '" A LID I T',' 5L 5T 

18 40 ]: 8 ]: 12. 0. ]:5 e. ]:1 0. 20 
19 10 113. 5 19 0. 71 0. 7C! 'J 1. 06 
19 413 2 :=' .' t:5 (1. 85 ]:. 64- 1. 00 
20 11-;1 2 6 56 e. 86 2. 59 1 07 
213 4 ~3 2. 0 61. e. 7'· _. 1. 69 1::1 71 
21 10 1. 6 49 0. 4E: 1. 37 0. 49 
21 40 J 1 J:52 0. 06 0. 44 0. ]5 
22 10 e. 9 112 ~3 . 16 .-, 

.:!... ]:0 0. 78 
22 ·413 1 5 95. 0. 91 J:. 75 1. 01 
23 10 6. 4 92. 0. J:]: 1. 70 1. 91 
21.40 4. 8 140 0. 71 1. pC! _, J 1. 50 
24:10 0. 7 24 e. 11 e. 3:5 0. -. ~ 

.!-tl 

24 413 6 2 ]:18 0. ]4- 0 77 ~~. 61 
25:10 4 5 3:40 0. 64 1. 04 0. 47 
25.40 e. ]: 12 0. 23 0. 40 0. 26 
26 10 J. 4 350 0. 10 0. 19 0. 17 
26 40 1. 9 47 , . 0. 40 0. 24 0. 28 
27.10 e. 9 50 0. -.. ) ..!- ... 0. 26 0. J: ]: 
27.413 1. 2 104 e. 6]: e. 65 0. 44 
28 :10 1. J: lel e. 51 e. ]:9 0. 20 
28:40 o. 7 110 e. 4e 0. 1 ~, .::. 0. 1i1~ - ( 

FIGURE 23. A SAMPLE COMPUTER PRINTOUT OF THE PROGRAM 'WAVE' FOR HOURLY 
PERIODS, BEGINNING EVERY 30 MINUTES. THE WIND ANGLE IS CHOSEN 
BY THE HIGHEST CORRELATON BETWEEN WIND VELOCITY AND PRESSURE 
CHANGES. THE VALIDITY GIVES THE DEGREE OF CORRELATION. SPEED 
IS THE THEORETICAL PROPAGATION SPEED OF THE DISTURBANCE. THE 
RMS PRODUCT OF THE WIND AND PRESSURE CHANGES WITH RESPECT TO 
THE SELECTED WIND ANGLE IS GIVEN BY SL (LONGITUDINAL tvODE) AND 
ST (TRANSVERSE MODE). 
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FIGURE 24. A a-.JE-I-OUR PLOT OF Tt-E BACKxx.DAT FILE SI-OWII\G a-JE
MINUTE AVERAGES OF THE PARAMETERS ASSOCIATED WITH THE 
SHOWER SHOWN IN FIGURES 6~ 9, AND 13. WINDS: U (45°), 
V (315°); RAINFALL INTENSITY: L3; PRESSURE RATE: PRj 
AMBIENT EMPERATURE: TD; WET-BULB DEPRESSIa-.J: DPD; 
ELECTRIC POTENTIAL GRADIENT: EF. 
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These data are used to calculate a number (NO) which gives the drop 

density per cubic meter of air for each 0.2 nun size interval. Figure 25 

shows a plot of NO as a function of drop size, 0, expressed as the central 

point of each interval (0.3 - 0.5 nun is plotted as 0.4 mm). Six different 

NO-O distrihutions are shown, one for each consecutive minute, although only 

40 seconds are actually sampled, distributed in four sample periods spaced 

evenly throughout the single minute. This type of presentation allows the 

history of drop size to be viewed on a single plot. The calculated rainfall 

intensity and median size drop for this time period are shown in Table 3. 

LIQUID WATER CONTENT (lWC) 

If the drop-size distribution is known, the LWC may be estimated from 

ground based rainfall intensity data (Best 1950). As the rainfall rate 

increases, the median drop si ze and the LWC also increase (Table 4, 

Fig. 26). With the same rainfall intensity, however, it appears that the 

greater LWC is associated with a smaller median drop size (Table 4, 

Fig. 27). 

TABLE 4. TABLE OF LIQUID WATER CONTENT (LWC). 

LOCAL RAINFALL RATE MEDIAN CALCULATED 
DATE TIME (mm/hr) DROP DIA(mm) LWC (g/m3) 

19 NOV 73 14:23 20 0.80 1.7 

21 NOV 73 17:41 38 0.83 3.1 

21 NOV 73 17:43 78 1. 23 4.6 
• 29 NOV 73 13:58 88 1. 68 4.2 

29 NOV 73 13: 59 182 2.04 7.7 

Previous estimates of LWC in shallow cumuli have ranged from 0.2 to 

2 g/m3, with an average of 0.5 g/m 3 (Riehl 1954). As seen in Figure 27 and 

Table 4, the high intensity rainfalls observed at the CPO appear to be 

associated with LWC's higher than those previously assumed. The calcula

tions leading to Table 4 specifically excluded consideration of updrafts 

and downdrafts. 
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RAINFALL INTENSITY AND THE TRADE WIND INVERSION 

The relationship between the height of the trade wind ~nversion base 

and rainfall parameters was investigated for the months of July and November 

1973. These months were chosen to contrast the different circulation pat

terns. In July the influence of the subtropical high pressure cell caused 

strong inversions and almost constant trade winds, whereas in November the 

inversions were weak and the circulation was repeatedly interrupted by 

synoptic disturbances. 

Since the inversion acts to limit vertical cloud development, these 

data could be used to investigate the relationship between cloud height and 

the maximum rainfall intensity (Fig. 28). The calculated correlation 

coefficient (r2) for this relationship is 0.55. A better correlation was 

found (r2 = 0.72), however, not with peak rainfall rate" but rather between 

the total amount of rainfall and the inversion base height (Fig. 29). Fig

ures 28 and ,29 indicate that significant rains are seldom associated with 

an inversion base below 2 km. The data for Figures 28 and 29 were taken 

from rainfalls. that occurred within 2.5 hours of the nightly release of the 

local National Weather Service radiosonde. 

SUMMARY AND FUTURE PLANS 

A small network of rainfall intensity gaug¢s has been established at 

the CPO on the windward coast of the island of 'Hawaii.' The network is made 

up of Raymond-Wilson Gauges, specifically designed for this study (Fullerton 

and Raymond 1973). These gauges, together with instruments for the measure

ment of wind velocity, air pressure and temperature, relative humidity, and 

potential gradient are directly interfaced with a PDP 11/20 computer. 

Results from the network indicate th,at rainfall in tropical showers is 

localized in both time and space andis of an intensity greater than that 
, 

generally expected. Even a small ri'etwork provides valuable data for studies 
I' , 

of flood control, since it is the knowledge of the high intensity, localized 

character of showers which is required for the design of surface water run

off and sewer systems (Giessner et al. 1973). 

Measurements of the rainfall rate associated with such showers, coupled 

with a determination of the drop-size spectrum (derived from a DSI especi

ally designed for this study), suggest a LWC greater than that previously 
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assumed in tropical rain clouds. 

Network data have also revealed intervals of 10 3 to 104 seconds between 

showers, and shown that the passage of an individual shower cell is often 

associated with an increase in air pressure, a change in wind direction, 

and reversal of the electric potential gradient from positive to negative. 

The amount of rainfall appears to be a function of the inversion base 
height. 

Future plans include expansion of the network and consideration of 

establishing a portable network capable of investigating the effects of 

various topographies on rainfall intensity, and for use in flood control 

and other hydrological investigations. A larger computer capability WOuld 

allow simultaneous operation and data reduction of the rain gauge network, 

the DSI, and other associated instruments. 

, , 
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assumed in tropical rain clouds. 

Network data have also revealed intervals of 103 to 104 seconds between 

showers, and shown that the passage of an individual shower cell is often 

associated with an increase in air pressure, a change in wind direction, 

and reversal of the electric potential gradient from positive to negative. 

The amount of rainfall appears to be a function of the inversion base 
height. 

Future plans include expansion of the network and consideration of 

establishing a portable network capable of investigating the effects of 

various topographies on rainfall intensity, and for use in flood control 

and other hydrological investigations. A larger computer capability would 

allow simultaneous operation and data reduction of the rain gauge network, 

the DS1, and other associated instruments. 
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