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Ithough precipitation is known to

play an important role in the buoy-
ancy flux at the ocean surface by fresh-
ening the ocean, the heat flux associated
with the precipitation is often ignored.
When the rain droplet temperature is
different than the ocean surface tem-
perature, there is a sensible heat flux as-
sociated with the mass flux. Models and
laboratory studies of the evaporation and
temperature of a freely falling droplet of
water suggest that the temperature of
rain will be near the ambient wet bulb
temperature (Kinzer and Gunn, 1951;
Kincaid and Longley, 1989).

The demand for increased accuracy
in the estimates of air-sea fluxes led to
the development of the Precipitation
Temperature Module (PTM) for the Im-
proved Meteorological (IMET) package.
Thus instrument was designed to mea-
sure rain droplet temperature and to be
deployed on a surface mooring along
with the traditional surface meteorologi-
cal and radiation instrumentation.

The current design of the PTM is
based on experiments conducted at
WHOI 1n the fall of 1991. During
these experiments a funnel from an
R.M.Young Model 50202 Precipitation
Gauge modified with temperature sen-
sors was arranged, as in Figure 1, along
with a temperature sensor located near
the rain gauge and directly in the
precipitation’s flow. The sensor located
directly in the precipitation’s flow is con-
tinually being flushed with precipitation
thermally uncontaminated by the fun-
nel, and, therefore, provides a close ap-
proximation of the precipitation’s tem-
perature. Experimental results show that
when a heavy precipitation event occurs
the sensor located directly in the precipi-
tanon reaches a steady state value, and
eventually all the temperature sensors
reach this same equilibrium indicating
that the funnel was at (or very close to)
the temperature of the precipitation.
These results indicated that a funnel
with temperature sensors distributed as
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in Figure 1 measuring the thermal state
of the funnel could be used to measure
the temperature of precipitation during
heavy precipitation events.

To improve the response tme of the
PTM, the R.M.Young funnel was re-
placed swith a thin stainless steel funnel
with less thermal mass. The stainless fun-
nel quickly comes to equilibrium tem-
perature as the rain water flows through,
and the funnel temperature is sampled.
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Figure 1. The Precipitation Temperature

Module (FTM) was designed to measure
rain droplet temperature.

The funnel was made of .005" thick
stainless steel sheet and has a sampling
area of 100 em™. At the base of the fun-
nel is a lem diameter drip mouth which
allows the precipitation to flow freely
out the bottom. Four independent teni-
perature measurements are made using
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fast response thermistors in a linear
bridge configuration. The measurement
range 15 0°C to 38°C with 0.1°C accu-
racy and 0.0037°C resolution. Ther-
mistor 1 (PT1) is suspended in the cen-
ter of the funnel; thermistor 2 (PT2) is
mounted halfway down the neck of the
funnel; thermistor 3 (PT3) 1s located at
the mouth of the funnel; and thermistor
4 (PT4) is located in the funnel outflow
below the mouth (Figure 1). The ther-
mistors are sampled at once every 10 sec
and averaged over 1 minute before being
recorded to the IMET data logger.

Electronics for the PTM consisted of
the standard IMET PWCOM (Power &
Communications) and SCM (Sensor
Control Module) boards. A special low
power analog front end board was de-
signed to measure four independent
channels of temperature with 10 bits of
resolution. The analog front end was in-
terfaced to a standard IMET module and
custom firmware was written so the
completed PTM module responded as a
standard IMET module. By using the
IMET boards the PTM was easily inte-
grated into the suite of other IMET sen-
sors on the buoy. Upon interrogation of
the PTM by the IMET data logger, the
PTM responds wath four temperature
measurements averaged over the previ-
ous minute.

As part of Tropical Ocean Global At-
mosphere (TOGA) Coupled Ocean-At-
mosphere Response Experiment
(COARE), the PTM was deployed in
the western equatorial Pacific ocean on
the Woods Hole Oceanographic Institu-
tion surface mooring. This 3-m discus
buoy was deployed at 136°E, 1° 45°S
from Qctober 21, 1992, to March 4,
1993, and carried a complete IMET
package including the PTM. (Weller and
Anderson, 1995).

A rain event observed as part of
COARE 15 examined closely to illustrate
the temporal evolution of the precipita-
tion temperatures 1n relation to the wet
and dry bulb temperatures, the sea sur-



face temperature and the rain R
rate. This event actually consists 70 *
of two closely spaced events H ‘
(Figure 2).The dry PTM tem- f
peratures have a spread of 0.5°C
that are grouped just below am-
bient air temperature before the
event. The PTM temperatures 20 ezl m
then become closer together 10 ' w ‘
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when the rain starts and drop

Rain Rate {mmihr}
=
i

down below the ambient air 000 1100 12000 1300 1400 1500 1600
A
temperature, T dry, to the wet 10/28/1952

g
MNet Rain ()

bulb temperature, Ter, at 30
23.3°C. After this first burst of i T O TR S P e SN = |
rain, the PTM temperatures rise

and spread apart. The warmest is
PT1 which 1s suspended in the
center of the funnel and has little
thermal mass and, thus, can ad-
just more quickly back to ambi- .
ent air temperature than the rest 24 4
of the unit. The onset of the |
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gether within 0.5°C for the du- Figure 2. An example rain event. The fop panel shows
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Improvements in the long
term stability and accuracy of the pre- . sponse time than that of PRT’s. By us-
clpitation temperature measurements - ing both in the measurement the long %
could be enhanced by using PRT’ © term stability can be improved along s
(platinum resistance thermometers) in . with maintaining the quick response.
conjunction with fast response ther- *  The electronics could be redesigned to C
mustors. PRT’ are inherendy stable for . make the PTM completely self con-
longer periods of ime than thermustors, - tained by reducing the power consump- -
but thermistors have a much faster re- . tion, internally self recording and using

an internal battery pack. A different

0 choice of materials for the funnel
s could also vield improvements in the

response time of the PTM to
changes in precipitation temperature.
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