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1. Introduction

Work began on the design of the primary Pre-TRMM and TRMM ground
truth sites under NASA Grant #NAG-5-870 on February 15, 1987. The
primary objectives of the work were to:

a) integrate the rain gage measurements with radar measurements
of rainfall using the KSFC/Patrick digitized radar and
associated rainfall network.

b) delineate the major rain bearing systems over Florida using
the Weather Service reported radar/rainfall distributions.

c) combine a) and b).

d) use c) to represent patterns of rainfall which actually
exist AND contribute significantly to the rainfall to test
sampling strategies. Based on the results of these analyses
decide upon the ground truth network.

e) complete the design begun in Phase I of a multi-scale (space

and time) surface observing precipitation network centered
upon KSFC.

2. Work Accomplished

2.1 Patrick/KSFC Radar

A digital system with associated computer and display eauipment
has been installed at Patrick and at the Cape Canaveral Forecast Center.
The digitized radar record is now being transferred on magnetic tape to
the Goddard Laboratory for Atmospheric Science and to the McGill Radar
Weather Observatory. These data are being compared with the rainfall
measurements from the rain gage network installed within the range of
the Patrick radar and will form part of the data base for analysis.

2.2 Cape Canaveral Rain Gage Network

Digital recording rain gage sites have been located on Cape
Canaveral and an initial array of rain gages have been installed (Fig. |
1). Instruments and recorders have been obtained to equip a wider j
network within the useful range of the Patrick radar. These gages
will be installed during the next period of funding. Appendix I describes
the digital recording rain gage system being installed.

2.3 O0Other Data

Florida rainfall data for the period 1971-1986 has been obtained
for ~ 30 recording gages (15 min totals) and 1942-1986 for ~ 80 recording
stations (hourly totals). Digital radar data for Florida has also been
obtained for a 9-year period (1978-87). Appendix II contains detail on
the Florida historical rainfall record.
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Contact has been made with the South Florida and the St. John's
River Water Management Districts. A large amount of recording rain
gage data is on file at the South Florida Water Management District.
Plans are in progress to determine what of the Water Management
District's (WMD) data needs to be acquired and where supplemental
gages should be sited.

2.4 Analyses Completed and Reported Upon

Analysis of rain gage, radar and satellite estimates of rainfall
was reported upon in the Proceedings of the Tokyo International
Symposium on Tropical Rainfall held in October 1987 (Austin, 1987,
copy attached).

Estimation of tropical rainfall with emphasis upon convective

and stratiform rainfall is also reported on in the same proceedings
(Garstang et al., 1987, copy attached).

3. MWork in Progress

3.1 Estimation of Errors in Area Average Rainfall: Small Scale (McGill)

Considerable uncertainty exists in the estimation of the areal
average rainfall. The errors in areal rainfall estimation are more
severe when the rainfall is convective in nature. Furthermore, a knowledge
of the error vs rain gage network density is important in the assessment
of remote sensing of rainfall measurement schemes and the design of the
TRMM ground truth network. We are, therefore, continuing to address the
relationship between rain gage density, network geometry and the likely
error in estimating the areal average rainfall. We are addressing this
problem on the small and large scale. The small scale equates to the
area covered by the radar, the large scale to that of the peninsula of
Florida.

3.1.1 Data base
The following will be used in the analysis.
3.1.1.1 Radar data

Kennedy Space F1ight Center radar data covering the period 5
August 1987 to 30 August 1987 will be used to create CAPPIs at five
minute intervals. The CAPPI will cover a 480 km square using a pixel
size of four square kilometers. The CAPPI altitude will be 3000 m.
These 5 minute CAPPIs will be combined to produce total rainfall maps
for the following accumulation periods: 15 min, 30 min, 1 hr, 2 hr,
4 hr, 8 hr, 12 hr, 24 hr, 2 days, 4 days, 7 days, 14 days and 25 days.

3.1.1.2 Rain gage data

The rain gage data consists of hourly or daily rainfall tqta]s.
These data will be used to calibrate the Z-R relationship used in the
generation of the rainfall maps.



3.1.2 Data analysis

The rainfall maps produced in the first phase of the research
program will be assumed to be error free maps of rainfall that could
have fallen. These maps will therefore be used as "truth" in the
analysis that follows.

3.1.2.1 Mean areal rainfall

The rainfall maps will be sampled at random positions to simulate
rain gage networks of various densities. Two types of networks viz.
random spacing and grid networks, will be used. The error in the
areal average rainfall for various size "catchments" will be calculated
for each rain gage network. Variables such as the orientation of the
network and spacing in the two orthogonal directions will be explored.

3.1.2.2 Volume and areal extent of individual storms

Standard interpolation techniques will be used to calculate the
volume of rainfall and areal extent of individual storms using the various
rain gage network densities. The actual volume and area of each storm
will be calculated and an error versus network density will be plotted
for both the area and the volume.

3.1.2.3 Statistical structure

The correlation versus distance function will be calculated for
both the radar data and the rain gage data. Of particular interest is
the estimated length of the decorrelation distance as a function of the
number of rain gages. In addition, the log accumulative results will
be tabulated ala Lovejoy to test the fractal modeling hypothesis.

3.2 Estimation of Errors in Area Average Rainfall: Large Scale
(University of Virginia)

Peninsula scale distributions of rainfall have been determined
from manually digitized hourly radar data. The time period covered is
June, July and August 1978-1982. The area of investigation encompasses
the Florida peninsula and at least 50 km of adjacent ocean. The manually
digitized radar (MDR) cells varied between 36-38 km resolution depending
on latitude. A total of 150 cells were analyzed and decomposed into
principal components to identify the spatial patterns of the daily rain-
fall regime. A total of 9 years of digitized data is available to extend
this initial analysis based on about 9000 hours.

The objective is to first determine the character of the "major"
rain bearing systems over Florida. We will define a "major" rain bearing
system in terms of the contribution of that system to the summer seasonal
rainfall of south Florida.

Having defined and identified the major rain bearing systems we
will determine the time and space distributions of the radar estimated
rainfall as shown by the operational network. We will then examine the
detailed distributions of echoes from a selected few storms from single



radars including the Patrick radar.

The most reasonable distributions of rainfall in time and space
for the major bearing systems will then be constructed.

Once constructed these distributions will be tested against past
observed rainfall from rain gages. This comparison will be used to
establish a measure of what is meant by a reasonable distribution.

The resulting distributions will then be regarded as "real"
distributions and will be used in simulations to develop the optimum
distribution of ground truth measurements.

3.3 Estimation of Errors in Area Average Rainfall: Small scale (McGill)

3.3.1 Basic data processing

Kennedy Space Center radar data for 8th to 30th August 1987 have
been processed to form a single data base of approximately 2000 CAPPIs
at 3 km altitude. The raw data tapes were first read to produce a
data base consisting of the raw DVIP values for each 5 minute CAPPI
in polar coordinates. These data were transformed into rainfall amounts
by means of

Z =200 *R exp (1.6)

The rainfall amounts were then mapped onto a Cartesian coordinate system
with a grid spacing of 2 km by 2 km.

It is important to note that in making the CAPPI map all of the
polar data points falling in the Cartesian pixels were correctly averaged
as rainfall rates. The resulting maps were interpreted as if they were
true rainfall rates based on the electrical calibration of the radar
without being calibrated against the existing gage network. This was
mainly due to the difficulty in obtaining the very sparse gage data.
However, it is hoped that these experiments will be repeated using
improved radar data for June, July and August of 1988 with the now much
improved gage network in place. For the present study we will argue
that while the radar data may not represent the actual rainfall which
fell during August 1987, it is a plausible realization of the same random
process, and therefore, has the same statistical structure. Since our
"gage data" is actually sampled from the radar data, there is clearly no
possibility of a gage/radar calibration error in the statistical analysis.

An interactive editing program was written so as to enable strict
guality control on the 5 minute CAPPI data. A significant amount of echo
was determined to be ground echo, anomalous propagation and interference
and was thus removed. The editing of the entire data base is now sub-
stantially complete. During this phase of the work it became apparent
that on average 15 minutes of data were missing per hour recorded. A
simple procedure was written to calculate the movement of the rain area
over the missing period. The CAPPIs at either end of the gap were then
offset by an appropriate amount and used to fill gaps of less than 20
minutes. The quality of an otherwise excellent data set was compromised



by these gaps, and it is hoped that they be eliminated from the next
summer's data.

3.3.2 Basic statistical description of the data

A basic statistical package was written to calculate the follow-
ing statistics for each CAPPI in the data base:

mean areal rainfall,

mean rainfall depth,

variance of the rainfall,

rain area,

histogram of rainfall amounts,

variogram for rainfall in the north/south direction,
variogram for rainfall in the east/west direction.

NOYO PR W —

3.3.3 A first look at sampling errors in rain gage networks

The data base was searched for two periods of reasonably intense
convective activity. The first period chosen was the 12th Auqust 1987.
The 5-minute data were accumulated to give 18 one-hour accumulations.
This period included a three hour period of very small, intense rainfall
and thus would produce errors that could plausibly represent a worst
case situation. The second period was the 29th August 1987. The set
consisted of 15 one-hour accumulations representing moderate convective
activity.

3.3.3.1 Selection of gage to rainfall map interpolation method

It was thought a priori that some form of Kriging technique would
be the most suitable interpolation method. The average variograms for
the two periods were therefore calculated and reproduced in Figs. 2 and
3. It is immediately apparent from these figures that, given that it is
raining at both Tocations, hourly rainfall depths are independent at
distances exceeding approximately 8 km. Therefore, Kriging, which
relies heavily on interstation correlations, would not yield anything
more obviously useful than say Thiessen polygons which, at least, have
the virtue of being easy to compute. Thiessen polygons were, therefore,
selected as the method of interpolation from the random gage network
to the regular map grid. The accuracy of the various interpolation
schemes will be analyzed in more detail later.

3.3.3.2 Simulation method

A uniformly random gage network was created and used to calculate
the standard mean interpolation error for the mean areal rainfall, mean
depth of rain and rain area. The gage positions were not allowed to be
Tess than 8 km apart in this simulation. A total of 10 different random
networks for the 29th August data and 13 networks for the 12th August
data were used in the simulation. The mean and standard deviation of the
mean standard error for all the networks combined was calculated for each
data set using networks with 400, 600, 800, 1000 and 1200 gages covering
an area of 124,400 square km. The simulation method will be repeated
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using rectangular and triangular networks of gages at different
orientations.

3.3.3.3 Some preliminary results

The mean and standard deviations of the standard error for the
areal rainfall, mean rain depth and rain area estimates are found in
Figs. 4, 5 and 6, respectively for the 12th August data and in Figs.
7, 8 and 9, respectively for the 29th August data. The rain gage
networks were found to be able to estimate the areal extent of the
rainfall fairly well, the error for the 400 gage network was approxi-
mately 10 percent for both of the data sets. However, the same cannot
be said for the rain gage estimation of the mean rainfall depth where
the errors for the 400 gage network were of the order of 40 percent
for the 29th August and 90 percent for the 12th August. Most of the
error for the 12th August can be attributed to the three-hour period
of intense local convection storms. The error in the areal mean rain-
fall is approximately 25 percent for the 400 gage network for both
data sets. These results illustrate the extremely large errors pro-
duced by even relatively dense gage networks, particularly for convec-
tive rainfall. It is against these errors that the various remote
sensing techniques have to be evaluated.

3.4 Future Work

The results presented above should be extended intc the following
areas.

3.4.1 Longer accumulation periods and other data sets

The above analysis will be repeated using Tonger accumulation times
and other data sets within the Kennedy Space Center data base and from
other radar sites particularly a South African 28°S semi-arid location.

3.4.2 Varijogram sampling errors using rain gages

The rain gage network underestimates the variance of the rainfall
process. The effect of this underestimation on the variogram constructed
from rain gage data needs to be assessed. Errors in this part of the
normally preferred Kriging analysis may lead to overly optimistic error
estimates for gage estimated rainfall fields.

3.4.3 The effect of radar introduced noise

The above analysis assumed that the rain fields found in nature
were accurately represented by the radar data. However, it is possible
that the radar based rain fields are more noisy than the true rain fields
which occur in nature and therefore, the results of this experiment
will be unduly pessimistic. This possibility can be investigated by
testing the effects of adding artificial noise and of smoothing the
radar fields.
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3.4.4 An evaluation of the TRMM sampling scheme

The 1ikely errors resulting from the proposed TRMM sampling
scheme will be evaluated using the Kennedy Space Center data and a
data set of semi-arid subtropical rainfall from South Africa.

4. Concluding Remarks

Work will continue in the Florida area to
* improve the surface networks and the Patrick radar,

* examine the potential of existing networks for both historical
as well as current data,

* assess the Tampa radar and determine how it can be utilized,

* explore the possibility of using a radar at West Palm Beach
and the possibility of installing a radar at Ft. Myers.

Radars at Patrick AFB, Tampa, Ft. Myers and West Palm Beach would
provide a detailed mapping of precipitation distributions over a 200x200
km 1and area and a 400x400 km land-sea area.

Work will also begin on the other ground truth sites at Kwajelein,
Thailand and Australia (at Darwin). Data from radar in Darwin has
already been receijved at Goddard.
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ON THE COMBINING OF RAINGAUGE, RADAR AND SATELLITE
ESTIMATES OF RAINFALL

" G. L. Austin
McGill Radar Weather Observatory
Box 241, Macdonald College
" Ste. Anne de Bellevue, Que
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ABSTRACT

- Extreme spatial and temporal variability in the observed ra1nfa11
1e1ds suggests that ‘great care needs to be exercised in the-calibra-
jon. ‘of ‘rainfall estimating schemes from gauge networks and.other: sur=4 -
IR ata“‘The‘deve]opment of analytical tools to combine several not |-: --
“"yery-. precise rainfall est1mat1ng techniques to yield optimum rainfall- |’
- estimates is reviewed. It is concluded that a large data base of
- .simulated 3-D rainfall data, which can be regarded as accurate, is nec-
. -essary. .These data can then be used to obtain the required optimum
. -integration scheme-and error estimates based on a kiowledge of the - .
physics—of—the—instrumenta’i measuring biases, noise -and sanm1ﬁng‘thar“ o
cter1st1cs % o

1. INTRODUCTION

One of: the most significant problems associated with the remote
- sensing-ofrainfall-is-the development of strategies to—combinedata—
“derived from different rainfall measuring techniques to yield the

ptimum estimate of areal precipitation. An equally urgent and related

roblem is to estimate the 1ikely impact of sampling, instrumental and
nterpretat1ona1 errors in ‘he remote sensed precipitation data.

"Some- attention has beei given to the former as it relates to the .

= mb1n1ng'of"ra1ngauge ‘and ~adar data (e.g., Austin (1987) F—

F“-vﬂparrOId et.al. (1973) and Wilson and Brand1es (1979)). The 11terature i
..on’ ‘techniques for the combining of gauge and satellite data is'also
;”qu1te extens1ve (see Barrett and Martin (1981) for a review).

. ”2, RAINFALL VARIABILITY
»t”*| ‘Some of these authors have recognized a major problem in dealing
: ‘w1th precipitation-data_sets-- the presence of extreme variability
o and intermittency (Schertzer and Loveioy (1987)). The effect of this
e ar1ab11ity is that schemes designed to produce areal rainfall fields
-~ have low accuracy, even for quite dense gauge networks, and particular-
;Iy*ﬂn‘tonvettTVé‘§1tuatfons. Damant et al. (1983), for”éiﬁﬁﬁﬂiﬁ'?ﬂﬂﬁfﬁT
errors o approximate]y 70% for total storm accumulations over a
45800 km~ catchment using 10 raingauges. Bellon and Austin (1986)
stimate mean po1nt total storm accumulation differences from gauges at
ifferent spacing and obtainzd 60% differences at a distance oflo km
and 100% difference at a se¢j-aration of 100 km.
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: achemes, particularly those having non-linear averaging characteristics

- [(1986)) then-becomes particularly attractive. In order to achieve

' ﬁaken of the temporal sampling errors (frequencies greater than five

e e e ]

|
1
—+

Bqu»TheseureSUIts have: considerable impact on the accuracy with which
remote.sensing rainfall measuring system can be calibrated with
sparse gauge_networks. The calibration of large footpr1nt estimating

ith a sparse -gauge data set is clearly hazardous. The use of well-

ibrated weather radar data with an estimated * 31% uncertainty over |

mall catchments for storm totals (Austin (1987) a'id Bellon and Austin

hese accuracies in the radar estimates, specific account has to be

inutes are sometimes required), and the variability in the parameters
he_non=linear_relationship between rainfall and radar_reflectivity.
he author believes that some of the published accuracy claims for : -

ITagc —_d_

- .satellite rainfall estimating schemes are unduly optimistic, since they e

' SEVERAL .WRONG ESTIMATES OF RAINFALL TO GET A BEST ESTIMATE OF THE TRUE |
* RAINFALL PATTERN.

re certainly higher than the accuracy with which the rainfall cou]d
be est1mated by the sparse calibrating gauge network.

THE - PROBLEM - OF COMBINING RAINFALL ESTIMATES BECOMES ONE OF .COMBINING .

. years directed ‘toward the stochastic modelling of rainfall patterns.

f§31cu1ties associated with produc1ng stochastic rainfall models with:

: v,Py the theoretically-derived sampling, non-linear iitegration. and”
" . .’jnoise contamination characteristics inherent in each of the measure-
f~&ent techniques. This procedure has the enormous advantage that since
© we—start from.a_lcorrect' rainfall pattern we can calculate_the statis-
" .[tical properties inherent in each of the measurement schemes, and pre-
isumab1y the optimum combining strategies.

.- pattern—existss—it—is—not-clear that it is possible to-devise -the——
- pptimum strategy nor estimate its accuracy directly from the wrong
. .-ffields themselves unless we make sure considerable assumptions about

" the statistical properties of the 'correct' field.

B he problems.”

: except at space and t1me scales smaller than the reso]ut1on of the

3. POSSIBLE STRATEGY

..~ Since no direct estimate of the 'correct' valuz of the rainfall -

| ____If-a rainfall_field_in space and time which COULD_ HAVE existed
was -simulated stochastically, then simulated rainfall estimates based
n the known physics of the measuring system can be generated. This
ccounts, in part at least, -for the great deal of activity in recent

his type of activity has resulted recently in a special issue of the

ourndl-of. Geophysical Research (August 1987) and even the_establish=

ent -of a new Journa'l (Journal of Stochastic Hydro'logy) to d'lscuss :
“An a1ternative strategy, which to some extent avdids the d1ff-

orrect statistical. properties, is to take a series of 3-D radar data
ets.and_argue_that_although they do NOT represent the_actu

pattern that COULD HAVE existed. This pattern caa then be modified

. "The great advantage of the procedure is that no assumptions have
to be made about the statistical properties of the rainfall fields

m

.. The important point is that there is no existing accurate way “to 'ﬁ Lot
-ameasure_the_s pace/time_distribution of precipitation.__This_means that| .« ="

-L;ﬁattern that existed in space at the indicated time, they DO represent| |
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radars(perhaps '1- km and 5 minutes). This is clearly 11ke1y to be a
much less drastic assumption than those which assume properties of -
homogeneity -and- ~independence on the large scale. Some-would argue,-
howéver,  that much of the observed discrepancy between radar and gauge
data is due to real sub-kilometer variability and that in fact the ,
reffective-area-of-representativeness for a raingauge is—little-more—
than a.circle of rad1us4ﬂ' What has to be assumed is that the physic
.. |of the 'rainfall measuring procedure used by the instrument is well -
- -{understood. This author, at least, believes that to assume we under- | . .-
...~ |stand -the measuring process in our instruments is generally much safer| :
-.|than to make assumptions about the statistical properties of rainfall
patterns-which-have-only-been poorly measured. This-basic—concept—
- thas already been used in Damant et al. (1983) in the investigation of
._the samp11ng errors of raingauges. '

L2}

4. METHOD S e e e

= ThehprobIem -can-be-set up following the notation used—1n~—-——-——':i_‘?
v«ZKraJewski -(1987) in his discussion of cokriging. If )((h)1s the true || -

- |rainfall - pattern, where R is a position vector, then one of the remote

far_sensed est1mates of the rainfall at the point R will be given by:

’?k =-—f X(’Z)dk -+ Z“

- where—ﬁ%—ﬂs the-measurement ce11 area, fzp 1S the bias-in- ~the-estimates]
-{and -Eegx is the random error. On the other hand, tle gauge estimate at
- [the” po1nts whére  gauges exist , g’ is

ék = ka X({z) —+ E'GK

where Fex is the gauge bias and Eckthe sampling noise.
' The-problem-is- to find the best estimate ‘y*(E); of

S V(L) = —Lf X(k)dk
" iIn the cokriging approach it is norma] to now assume a possible solu-
-ition of "the form ,, -

A'-_‘_‘_.“._-“(k) 5_ Nee G (&) + _S_' De: K;_(a)_f_._',_.;;'

: <, |
- uhere the. :K‘ are d1stance weighting functions which may be determined| -
'.'fgfrom the data f1e1ds. ‘ ) S

5. RESULTS

RE Pre11m1nary resu]ts for this type of work have been obtained for
';'summer ‘rainfall patterns in Montreal, where it has been found that
more than 5 km from the raingauge a radar estimate of rainfall is more|
-.- laccurate and: that more than 40 km from a gauge then a simple VIS/IR

. {threshold:- technique yields better rain estimates. A substantial :
S quant%ty—of—Kennedy-Space Centre weather radar data is-now-being——
fanalyzed -with a view to finding the appropriate parameters for a more
-representative trop1ca1 rainfall f1e1d

ST
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- patterns in Montreal, for example, give the results that an estimate
of rainfall at a po1nt is better made by radar than a gauge about 5 km
.away and by satellite using a simple VIS/IR thresholding technique if |

‘ratn—estimation-schemes, the development of optimun comb1n1ng—systems-f

“[for producing combined estimates of precipitation together with their
<.« [likely accuracy, a ‘considerable simulation based on large 3-D data "
' ,1r*sets 1s required. '

‘ ﬁ;fAuetih, P.M.," 1987: Re]at1onsﬁ1p between measured radar rerlect1v1fY't

_ Krajewski W.F., 1987: Cokriging radar-rainfall and ‘rain gage data.

- Je Geo hy. Res.,. 92, 9571-9580.

iSchertzer D. ana S. LoveJoy, 1987: Physical modeling and analysis of
.,-lrh'lson,

- . ORIGLNAL Piavs 5 - [T
—
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6. CONCLUSIONS

Extreme spat1a] and tewporal variability in ra1nfa]1 patterns
produce considerable problems for the calibration of remote sensed

for several techniques and error analysis. Work or. mid-latitude rain

the. gauge is more than about 40 km away.
When—we-consider systems of remote sensing devices-such—as—are—
proposed in the TRMM satellite, then in order to establish procedures
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ESTIMATION OF TROPICAL RAINFALL

Michael Garstang, Claire Cosgrcve, Robert Swap
and Steven Greco
University of Virginia
Charlottesville, VA 22903 U.S.A.

!
ABSTRACT

: Convective systems produce the bulk of tropical rainfall but are
varlable in space and time both in terms of the occurrence of the rain
system and the nature of the rain in the system itself. A single
example of a continental equatorial squall line over the Amazon Basin
.1s used to illustrate the variability in the rainfall rates and
-amounts for such systems. Convective core rainfall falling at 0.75
;mm/min produces 50 to 70% of the rain, the remaining 30 to 50% occurs
,in multilayered and single layered cloud regions which vary in both
cspace and time for the same system.

l

i
i
l

1. INTRODUCTION

Tropical rainfall between the Iatltu&es of 30°N and S comstitutes
Ja_s1gn1£1cant_part_of_the global rainfall (Fig. 1). The greater part '
-of the tropical rainfall occurs in organlzed meso- to synoptic-scale
'systems but with large spatial and temporal variability. For example,
ja pervasive result found by many authors (Riehl, 1954), shows that 50%
;or more of the rainfall falls in about 10% of the time. Convective ,
-rain systems which produce an average of > 15 mm of raim per statiom, |
typically produce more than 607 of the total annual rainfall. But
1ra1n systems with high rain rates, produc1ng the large amounts of
lrainfall, occur only intermittently. This means that we must measure
‘the high rain rates accurately and we must be able to detect and
.dellneate to organized convective meso- to synoptic-scale systems.
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FIGURE 1. Globally averaged annual precipitation and associated
rain-producing weather systems. (After Sellers, 1965.)
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... In this paper, we take the position that organized meso- to
synoptic-scale systems as seen over the Amazon Basin of Brazil produce
a large fraction of the rainfall of that water rich region. We further
wish to establish whether the rainfall characteristics of these
equatorial continental systems are similar or dissimilar to their
tropical oceanic counterparts. '

2. MEASU:REMENTS

I
The NASA Amazon Boundary Layer Experiment (ABLE-2B) (Harriss et
al., 1988) made surface meteorological, radar and satellite measure-
ments over the Amazon Basin during the wet season months of April and

‘May 1987. TFour Portable Automated Mesonet (PAMs) stationms were )
‘deployed with sensors on towers approximately 5 m above the canopy of
jthe rain forest. Tipping bucket rain gages at this level measured
raccumulated rainfall with a resolution of 0.25 mm every minute. The
flocation and spacing of the PAM towers is shown in Fig. 2. Tempera-
‘ture, humidity, pressure, and horizontal wind velocity were also

1

w1th1n 3 km of each of the three outer PAM towers.

'measured at each tower site. Accumulated rainfall (an 8-inch gage)

 for each rain event was also measured at the surface in a clearing

[ BN

8000w
EMBRAPA , +—azs

42 km

CARAPANA

48km

DUCKE
aroos—+

1

FIGURE 2. Location and spacing of;the 4 PAM towers.
g
A 3 cm radar with digital recording capability was located
approximately 15 km SSW of the most southerly PAM tower. GOES
(Geostationary Envirommental Satellite) satellite imagery (visible and
infrared) was collected routinely at Manaus and at the NASA/Langley

l

i

: Research Center in Hampton, VA. : [
!

Squall lines, at times up to 3000 km in length, were a relatively

i frequent phenomena occurring on at least 10 of the 45 days of ABLE-ZB.
. The squall line which passed over the measurement network on the 26th '

_gf_Aprl 1987 was chosen for this study. The 26th of April system




produced a total of 33.02 mm of rain at the Carapana station. Twenty-
one rain systems passed across the measurement network in the 45 days
of ABLE. The-26th-of-April-ranked-7th-and-represented-4.51% of the
total rain measured over the 45 days.

3. FINDINGS___

!

! Figure 3 shows the time dlstrlbutlon of rain amount at each of |
'the 4 recording gage stations. Rain accumulation is plotted every }
‘three minutes. The total amount of rain recorded at each station is
-shown in Table 1. Table 1 also shows the non-recording rain gage
-amounts—and—the—dlfferences—between—che—:ecordlng-and-non -recording ——
'gages.
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;FIGURE 3. Distribution of 3 min tStals of rainfall at each of the
? three perimeter stations: Carapana (dashed), ZF-1 (dotted)
? ~ and Embrapa (solid). ,

f TABLE 1. TOTAL AMOUNT OF RAIN RECORDED AT EACH STATION !

i Station Recording Gage Ndn—Recording.Gage %Z Difference |
: Carapana 33.02 : 52.32 37%
rEmbrapa 32.01 ? 35.30 97

| ZF-1 15.49 - ' - -

! i
; Figure 4 shows a time series of equivalent potential temperature .
at the top of the forest canopy. Table 2 compares the time of the 6p !
‘drop with the occurrence of rain at each site. We note that signifi=—
‘cant 8, changes are not related to the amount or intensity of measured
rainfall but that 6o drops are always indicative of convective rain
process. ; S

|
|
' Ducke 0.51 - - |
|
|
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"FIGURE 4. Equivalent potential temperatufe at 5 m above the forest
| canopy at Carapana (dashed), ZF-1 (dotted), Embrapa (solid)
i and Ducke (dash-dot). '
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TABLE 2. COMPARISON OF THE TIME OF 8¢
DROP WITH THE OCCURRENCE OF RAIN AT EACH SITE

- Station Time of 8¢ Drop. ... .... ... .. Start of Rain.
Larapana 1614_11;73K_;p,1wmin);Lﬁﬁ 1616
ZF-1 1647 (2°K in 1 min) 1649
Embrapa 1630 (1.4°K in 1 min) 1651
1722 (5°K.in 1 min) . ... ... 1722 (.25 mm)

;Ducke

; Figure 5 shows the variability of rainfall intensities at Cara-
:pana and Embrapa. At Carapana (Fig. 5a), the greatest variability
‘occurs near the onset of the rain event which coincided with the
‘higher rainfall intensities. The subsequent relative deviations then
‘tend to be similar for both high and low intensities alternating from
-posieive—to—negative—values_but—with1n—the~limits—oﬁ—one_standard
‘deviation of the variability. Rain amounts decrease sharply after the
‘vertical dashed line on the abscissa. We note a similar distribution
'for Embrapa (Fig. 5b) except that we see three distinct regimes sepa-
.rated by variations in intensity and amount. We interpret this change
'as a change from convective rain to stratiform rain in the sense
-desc:;bed—by—Houze—and_h1s_collaboratons_LHouze,~13117_Leary_and_Houze,
{1979; Gamache and Houze, 1982, 1983, 1985; Wei and Houze, 1987). We |
inote in agreement with Smull and Houze (1987) that there is probably a
‘transitlon zone between the convective and stratiform region of the
;storm. We do, however, believe that this transition zone is a product
‘of rain from multiple stratiform cloud layers rather than residual
.conuective_clouds+__We_des1gnate—:h1s_rain£all*as_a_multilayer_rain___
fall and regard it as distinct from the single layer or anvil rainfall
which signals the end of the system.

t

h
1

Based upon F1g 5 and visual inspection of the change in ralnfalll
rates evident in Fig. 3 we select 0.75 mm/min as the boundary between :
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| FIGURE S5a. Rainfall variability in intensity and amount is shown for
; Carapana. Variations in 1 min intensities are shown on

5 the ordinate while the width of the bar shows the amount
(or rate x time). The horizontal dashed line represents
one standard deviation in intensity.
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FIGURE 5b. As for Fig. 5a but for!Embrapa.

| convective and multilayered rainfall, and 0.50 mm/min as the boundary
between multilayered and single layer rainfall. Table 3a shows the
rainfall at the 0.25 mm/min resolution of the measurement. Table 3b
ishows the three classes each as a percentage of the total.

| |

: TABLE 3Ja. RAIN RATES AND THE ASSOCIATED

PERCENTAGE OF THE TOTAL RAINFALL IN EACH RATE INTERVAL

. Station Total Rain 125 .50 .75 > 1.0
, [

Embrapa 32.01 31.07% 17.47 14.3% 37.3%

; Carapana 33.02 21.6% 10.8% 6.97% 60.7%

ZF-1 15.49 4?.52 9.9%Z 29.5Z% 13.1%

_—————Ehe—percentage-amounts—ascrlbed_to_the_convective_class_ranges___
. between 40 and 70%, single layered cloud 20 and 50%, the remaining 10

i to 20% is placed in the multllayered category. f
|
? The forward propagation of the squall line is measured from ;

~satellite enhanced infrared images to be 51 kph. The width of the

! el
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__Station Total Rain ; S M c
Embrapa 32.01 31.0% 17.4% 51.6%
Carapana 33.02 21.6% 10.8% 67.6%
ZF-1 15.49 | 47.52 9.9z 42.6%

ORIGINAL PAGE IS
— OF POOR QUALITY

s TABLE 3b. - RAIN RATES FOR THE THREE CLASSES OF ;
CONVECTIVE (C > .75 mm/mln) 'MULTILAYERED (0.5 <M < .75)
AND SINGLE LAYERED (S <.0.5)

L

--{leading- edge to the corresponding- grey scale on the opposite side of

system normal to its direction of propagation as measured from tlie
the squall line remained nearly constant at 290 km.

The width of the precipitating areas can be estimated from the
time occupied by the rain rate class multiplied by the speed of propa-—
gation of the system. The results are shown in Fig. 6 and summarized
in Table 4. : - —~-~-»ln»_ : - -

m‘ .
porcer c
pet. c _8—-] .
T T ! 4:’
) 0. . i
percond . E
' pot. %7 . E

percent
. Z
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i

Dissancetkm)

FIGURE 6. Percent of total rain each rain class (C, = pre-convective
C = convective, M = multilayered, and S = single layered)
for each station (C = Carapana, E = Embrapa, and Z = ZF-1).
The horizontal axis represents the width of the system (290
km) as obtained from the IR image. The width of each pre-
cipitating class is obtained from (time of class rate) x
51 kph. |

4. CONCLUSIONS

The rain rates of 0.75 mm/min Lr greater assoclated with the
convective core of this squall line is significantly higher than rates;
ascribed to tropical oceanic squall lines (0.25 mm/min). Rates as low.
;as 0.25 mm/min would not appear to correspond to the highly variable
:region of the squall line where high variability might be equated to
jconvective rainfall. |

|
Spatial variability is also, however, high and at two stations a

mmrectlve_stratlform_classif:.cat:.on_could _apply_yielding 50_to _70Z of _
| BRI !
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TABLE 4. RAIN DISTRIBUTIONS FROM TIME SPACE CONVERSION

Pre-Conv Conv Multilayered Single

Layered
‘Carapana 0 km 20.4 km 0 33.9 km |
; (712) (292) g
Embrapa 8.5 kn 8.5 kn 22.1 kn 29.7 km |
, (41.32) (33.32) (29.0%7)

ZF-1 0 km 10.2 km 0 89.1 km

| (51%) . (49%)

AN
N

the rain in the convective region and 30 to 50% in the stratiform
‘Tegion. We believe that the convective core produces between 40 and
“70%ofthetotalTrainfall:

The remaining 30 to 60%Z of the rainfall may occur at relatively
high rates in the multi-cloud layered region of the storm and at low’
,rates in the single cloud layered region. This variability (30 to 60%)
:is both spatial and temporal. Any indirect sensing technique emp‘oyed
WVIth*the—hope—of—est1matxng—ra1nfall—w1th—an—accuracy—of~greater~than—
20Z will have to deal w1th these dlstributions

..... PR
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KSC Raingauge Network i

Hardware

The raingauge hardware is made up of the following

components.

Tipping bucket
raingauges

Raingauge maodule

Data cartridge

Translataor

Fower inverter
(Tripplite)

Toshiba T1000
personal
computer

External S 1/4"
digk drive.

Measures rainftall in increments of 0.01".

The interface between the raingauge and the
data cartridge. This small white box fits
within the raingauge housing. Each module has
an internal serial number which is transferred
to the data cartridge when the reset button is
pushed.

This is a small grey cartridge which plugs into
the raingauge module. It contains a CMOS memory
which is programmed by the module with the time
and number of tips registered by the raingauge
for a given minute. If no tips occur, no entry
is made in the data cartridge. The data
cartridge has capacity for approximately B00O
entries, or about 8" of raintall-

This is the interface used to transfer data
from the cartridge to a microcomputer. It can
be used either in the field or at the office.

Used to convert 12 VDC to 120 VAC in order to
power the translator in the field. It plugs
into an automobile cigar lighter.

This is a laptop personal computer which can
travel to the field when servicing the
raingauge network. It is IBM compatible, and
contains a 3 1/2" floppy disk drive. Data {from
the data cartridge is collected on the Ti000's
disk. The T1000 contains internal batteries
which will provide approximately 4 hours of
continuous use bhetween charges.

This disk drive connects to the T1000 and is
used to copy the 3 1/2" disks to the & 1/4”
standard format.
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Software

Software has been provided
diskettes.

QUEMS Data #1 3 1/2"
Misc Software 3 /2"
NEW_DISK S 1/4"

NEW_DISK (Copy 2) 5 1/4"

N

on both 3 1/2" and 5 1/4"

This diskette is used to collect
the raingauge data. It contains
the BUEMS data management
software and the DS directory
management program.

Contains copies of GQUEMS and DS,
as well other software.

Has +the BUEMS and DS programs,
and the NEW_DISK.BAT batch file.
Use this disk to create a new
QUEMS Data disk.

Backup copy of the above.
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Data Cartridge Initialization

The following procedure is used to initialize the data
cartridge. Begin by connecting the T1000 and the translator, and
applying power to both units. The T1000 will go through the boot-
up process; when this has finished the C> prompt will be
displaved.

1. Put the BUEMS/data disk into drive A, and enter A: to changs
the default to drive A.

2. Enter QUEMS to run the QUEMS data acquisition software. The
program will begin by asking for verification of the date and
time.

-

3. Put the data cartridge into the translator.
4, Select initialization from the main menu.

5. The initialization menu will appear, and vou will be asked to
verity the date and time.

&. After proper date and time verification, the data cartridge
will be erased and its internal clock set. The translator will
beep continuously and the light on the data cartridge will blink.

7. The data cartridge is now initialized. Remove it from the
translator.

Starting Data Collection

1. Carefully slide an initialized data cartridge into the
raingauge module. Verify that the leads are properly connected
between the raingauge and the raingsuge module.

2. Press the button on the raingauge module. The light on the
data cartridge should come on.

Z. Tip the raingauge bucket ten times and observe that the light
Elinks with each tip.

4. Carefully replace the raingauge collectaor.

5. Record the start time and the starting tips in the log book.
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Data Recovery

The following procedure is used to recover the information
stored in the data cartridge. Begin by connecting the T1000 and
the translator, and applvying power to both units. The 71000 will
go through the boot—up process; when this has finished the Ck
prompt will be displayed.

1. Manually tip the raingauge bucket ten times while watching to
see that the light en the data cartridge blinks at each tip.

2. Press the button on the raingauge module. The light should
come on while the button is depressed.

3. Carefully remove the data cartridge from the raingauge module,
being mindful not to press the module button.

4. Fut the RUEMS/data disk into drive A, and enter f#: to change
the default to drive A.

5. Enter BUEMS toc run the BUEMS data acquisition software. The
program will begin by asking for verification of the date and
time.

6. The main menu is displayed first. S=lect the download option.

7. The download screen will appear, with an empty table titled:
TEMFP NO STN NO START DATE/TIME FINISH DATE/TIME MINS WARMINGS

8. at this point the program is waiting for data. Insert the data
cartridge into the translator. The data cartridge should not be
put into the translator prior to this point, since the downlogad
program recognizes the insertion of the cartridge.

?. The translator will emit a short beep, the message ’'fetching
data’ will flash guickly at the bottom of the screen, and an
entry in the table will appear showing the station number, and
the start and stop times of the data. The 'mins’ column
represents the difference between the T1000 clock and the
raingauge maodule clock. Large differences may be indicative of
errors in setting the T1000 clock. The warnings column can have
one or more of the tollowing codes indicating specific
conditions:
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5 A data gap has been detected. This occurs when the
start time of this data is later than the stop time of
the last data collected for the station. This condition
will almost always occur, since the data cartridge will
be out of the raingauge module for at least as long as
is necessary to download the data and initialize the
cartridge for the next pericod.

0 Overlapping data has been detected. This can be due to
errars in setting the clock. Usually this is not too
serious.

M Indicates a low raingauge module battery.

c Indicates a low data cartridge battervy.

S Clock staus bit not set. This indicates that the
rainguage module was unable to access the data
cartridge.

10. Inspect the download screen and verify that the information
is reasonable. Enter the information in the laog book.

11. Type X to exit the downloading procedure. Two hourly totals
for the current date will be displayed. Verify that the data
appear reasonable.

12. Enter a q to exit the validation screen.
1Z. You will be prompted "Validation OK 7°. Enter vy.

14. Station number n not validated... will appear next. Type P to
praceesd.

15. If there were entries in the warnings column, vou will he
asked if the data is to be edited. Enter N to retain the data as
it is.

i6. &t this point the final data file will be written and the
program will return to the main menu. If for some reason it
appears that the data was not archived properly to disk, the
download process can be repeated. However, the download program
may not be able to automatically read the data from the cartridge
on a second try. This arises because the cartridge has an
internal flag which is set after a data download which indicates
that the cartridge has z2lready been read. This flag can be
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it becomes cbvious that the data will not download automatically.

Creating a New Data Diskette

Begin by applying power to the T1000. The computer will gg
through the boot—up process; when this has finished the C> prompt
will be displavyed.

1. Put the NEW_DISK 5 1/4" diskette in the external floppy drive.
2. Enter b: to change the default drive to b:.

3. Enter NEW_DISK to begin the procedure. Follow the instructions
to create a blank 3 1/2" diskette. The procedure will also copy
the necessary software and data files to the new data disk.

Transferring the Data to Virginia

1. Use the DOS format command to format 2 new S 1/4" disk in
drive b:

2. Use the DOS copy command, or the DS program ( see D5.DOC on
the Misc Software disk), to copy the station data files to the S
1/4" disk. Also copy the flags.dat, store.dat and sitelist.dat

data files.

3. Mail the diskette to Virginia.
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Toshiba Comms Connection

Toshiba COMMS Signal name
port pin #

DCD
RD
SD
DTR
GND
DSR
RTS
CTSs
RI

SONTRPEAN-

Pilrection
{ _______
_______ 5
——————— >
 ————— ~
S
——————— >

DB-25
{(female)

MU SO YRR WD

rJ
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Appendix II

Florida Precipitation Data

Keeping in mind the prime objective of the TRMM project, the
purpose of analyzing the land-surface precipitation measurements is
to obtain a measurement of rainfall (i.e., a representative areal
average) that will provide a 'ground truth' for the Florida peninsula
on the time and space scales of interest to the project. This, in
turn, will be used in calibrating the remote sensing equipment. The
critical need of all indirect estimation or measurement schemes is the
acquisition of a high auality ground truth data set.

It is proposed that the ground truth data base is built upon the
existing NCDC point measurements and extended to incorporate all the
catchment and watershed area networks, as well as the mesonetwork
of automated stations located in the vicinity of the Kennedy Space
Center. It is from this multi-temporal scale data base (i.e., 1-min,
15-min, hourly and daily measurements) that a spatially smoothed time
series of monthly precipitation will be obtained.

Initial analysis of the rainfall data collected over the Florida
peninsula will be based on the NCDC data, namely the daily cooperative
stations, hourly recording locations and the 15-min records, The
reason for looking more closely at these data sets before extending
the data base to encompass all the other networks, is that the NCDC
data already totals hundreds of thousands of records. This in itself
requires a well planned approach to handling the data. The data is
also quality checked and appropriately flagged for missing or unreliable
information, etc.

Statistics derived from the long term historical records are impor-
tant for comparing the short term averages. Thomas (1970) suggests
that a minimum record lTength of seven years is necessary to provide a
meaningful statistic. The multi-faceted network of direct and indirect
measurements may be fully operational for this period of time prior to
the TRMM mission. This should then provide adequate statistics concerning
the monthly areal rainfall distribution. But there are other aspects
deserving consideration, namely:

a) wet and dry years and their significant effect on rainfall
totals. 'Wet years sometimes doubling the amounts received
during a dry year.' (Bradley, 1972)

b) determining the start and end of the rainy season. 'The
season has begun as soon as early May and has been delayed
as late as June.' (Bradley, 1972)

c) differentiating areas prone to thunderstorms from those areas
of less frequent occurrence.

d) tropical disturbances - identify the occurrence of hurricanes
and their contribution to the rainfall totals. Hurricanes and
tropical storms contribute about 7% of the annual rainfall.
(Brandes, 1981)



These aspects lead on to queries concerning the long term records:
1) the possibility of long term changes, and
2) cyclic changes and their return frequencies.
These considerations should be taken into account when determining
the natural variability as well as producing areal precipitation amounts
that will relate to the swath coverage planned for TRMM.

A brief summary of relevant climatological investigations for this
region is as follows:

CROWE, M., REEK, T. and MATTINGLY, R., 1988

NCDC Automated Graphics: Each state is divided into climatological
divisions of homogeneous climatological characteristics. The
station data are then 'space' averaged and divisional statistics
are published and archived (Fig. 1). As well as the digitized
data, the National Weather Center provides a selection of maps
based on the Cooperative station network. These maps for each
station include monthly and seasonal rainfall departures from the
30 year norm (Fig. 2).

Graphical system compares current monthly statistics with the
historical records using individual station and divisional
averages for each state. The agraphics provide an historical
record and an areal distribution.

The historical perspective is based on a 30-year normal based
on records from 1951-1980 or from 1941-1970.

Cluster analyses are also depicted in bar graph form with no
area within the state representing more than 40% of the total
region (Fig. 3).

Time series of monthly departures from the normal rainfall
as percentages are prepared for each cluster as well as running
means (Fig. 4).

This graphical presentation has only been initiated since
January 1987.

SCHWARTZ, B.E. and BOSART, L.F., 1979

Djurnal varjability of Florida rainfall is analyzed on a month]y
basis using hourly rainfall for 68 stations over the time period
1942-1972.

Rain measurements are made to the nearest 0.25 mm and are
divided into three categories: > 0.25 mm; > 2.5 mm and > 10 mm.
Three month seasonal and annual analyses were also performed to
give an overview of the diurnal variation.
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Figure 3.

MEAN MONTHLY PRECIPITATION FREQUENCY DISTRIBUTION
FOR PERIOD OF RECORD 1931-1987
FOR MONTH OF JANUARY
FLORIDA
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Figure 4.

ORIGINAL PAGE g
OF POOR QUALITY

PRECIPITATION DEPARTURES FROM NORMAL (1951-1980)
FOR THE 49 MONTHS
ENDING JANUARY 1987
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The percentage of probability of precipitation at specific
stations is also presented.

Technique: harmonic analysis and normalized amplitude and
phase for the diurnal and semi-diurnal cycles are prepared
for each of the rain rate categories.

Presentation of data is as seasonal maps in vectorial format
and depicting first harmonics (Figs. 5a and 5b).

Deficiencies of research: prevailing wind direction considered
important in terms of the timing and onset of the rain over the
peninsula but not considered in this study.

Reference also made to the importance of small scale variation
due to topoagraphy and sea breeze circulation.

WALLACE, J.M., 1975

Hourly data on frequency of four rain events generated statistics
on amplitude and phase of dijurnal and semi-diurnal cycles at each
station. This was the method employed by Schwartz and Bosart.

Amplitude and phase angle gave insight into the importance of
thermodynamical processes (affecting the stability parameter) and
the dynamic processes (influencing mass convergence) as factors
controlling the frequency and intensity of convective activity.

Reasoning for strong diurnal rain pattern over Florida:

timing of maximum low level convergence and maximum
convective activity suggest convective precipitation
controlled almost entirely by dynamical processes.
The severity of convection being influenced by the
thermodynamic processes.

THOMAS, T.M., 1970 |

A summary of the historical climatological records of southern
Florida covering the period 1825-1968 and covering the area
south of latitude 29°N. Rainfall records were obtained for
157 stations from a number of reference sources:

Smithsonian World Weather Records, Vol. 79;

Climatic Summary of the United States Weather Bureau
Bulletin W. '1912';

U.S. Weather Bureau Climatological data of Florida.

From the statistical analyses, single monthly time series records
varying from 50 to 70 years in length display the geographical
distribution of the rainfall variable (Fig. 6).

The complexity of the spatial distribution within any one month
was illustrated in a series of similar figures.
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Single Tinear time series were calculated using data contained
within areas of equal annual rainfall within 5 inch intervals
(i.e., 35-40 in., 40-45 in., ...60-65 inches/year) (Fia. 7).

The rainfall distribution exhibits a bimodal characteristic

of two wet periods per year. From the power spectral analysis,
a return frequency of about five years was predicted along

the eastern coastline and Florida Keys but it did not extend
inland. Other studies suggested a 25-year return period.

General Approach

All statistics are to include totals, number of observations,
means, standard deviations, variances and coefficients of variance.

It is intended that by undertaking the following analyses, one
will gain an in-depth appreciation for the variability of the rainfall
over the entire Florida peninsula. Most investigations todate have
focussed on southern portion of the peninsula. It is hoped that by
undertaking the present task in this rather laborious manner, will
ultimately lead to a reduction in the error factor when determining the
areal precipitation over the thirty day period as prescribed for the
TRMM project.

A Tisting of rainfall stations for each NCDC data set is tabulated
giving station ID number, name, latitude and Tongitude (Table 1). The
first parameter is required for identifying stations on tape; the station
name will aid a manual observer in perusing printouts and the lat/long
are necessary for plotting the values on the state outline map. This
last task will then be extended into contouring the data to create
isohyetal maps. Some stations have not as yet been identified according
to their station number, hence the blank spaces in the station file
listing.

Those stations that have had several recording periods over the
years due to slight changes in instrument location, etc., regquire closer
inspection to verify whether data files overlap; are complimentary and
so on. Certain station files may be able to be merged together giving
a longer record and also reducing the bulk of the stations Tocated in very
close proximity. This latter aspect may cause problems in the plotting
programs if not dealt with at this point in time.

Without giving a step-by-step account of how the rainfall data is
to be processed, it is intended that a Tong term data base with respect
to the best areal coverage, i.e., gauge density, will be determined from
the daily cooperative stations. From this baseline, the summer convec-
tive rainfall period will be identified taking into account the spatial
variation over the peninsula. The hourly rainfall data will then be
analyzed on this basis giving hourly averages per station, areal hourly
averages and percentages of the total annual rainfall. These diurnal
patterns should highlight further spatial variation which can then be
considered at the higher resolution of 15-min rainfall records. The
focus will then move from the spatial plane to the temporal level where
intense convective rain events produce the significant rainfall.
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TABLE 1.

Listing of NCDC rainfall stations on the Florida peninsula.
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Table 1 (cont.)
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Table 1 (cont.)
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Table 1 (cont.)
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The sensitivity of the density of the various networks has yet
to be determined for the Florida area. Ultimately, with the use of
a decorrelation approach in conjunction with precipitation records
from key sites, it should be feasible to deploy less dense but adequate
networks throughout the tropical rain belt. The procedure involving
the use of an optimal estimator of areal precipitation (based on the
work of Schaake, 1978), should be tested in the Florida region. It is
proposed that the decorrelation expression be developed from the
historical precipitation records. This estimator of rainfall at
non-instrumented locations is based on an optimal weighting factor and
is dependent on the coefficient of variation of point precipitation.
measurements. In the Florida situation, because of the flat terrain,
the decorrelation expression will be largely a function of distance.

Other Aspects to be Considered:

* Categorize rain days according to upper air soundings.
* Investigate the heat budget approach for estimating precipitation.

* Assess the effects of urbanization on the rainfall pattern over the
years of growth and development.

* Assess impact of climatological disturbances.

* Investigate the already existing satellite relay and processing
system - a data collection system (DCS) based in Miami, using
LANDSAT satellite as a data relay platform in processing rainfall
and water level jnformation obtained from gauging stations in the
water conservation areas, Everglades National Park and Big Cypress
Swamp.



20

References

The climate of Florida, in Climates of the States,

Bradley, J.T., 1972:
Eastern States, NOAA, U.S. Dept. of Commerce, 45-70.

Vol. 1:
The significance of tropical cyclone rainfall in the

Brandes, D., 1981:
water supply of southern Florida. PhD dissertation, University of

Florida, Dept. of Geography, Gainesville, FL, 151 pp.
Operational automated graphics

Crowe, M., T. Reek and R. Mattingly, 1988:
at the National Climatic Data Center, Bull. Amer. Meteor. Soc., 69,

28-38.
Accuracy of point and mean areal precipitation

Schaake, J.C., Jr., 1978:
estimations from point precipitation data. NOAA Tech. Memo. NWS-

HYDRO, 98 pp.
The djurnal variability of Florida

Schwartz, B.E. and L.F. Bosart, 1979:
rainfall. Mon. Wea. Rev., 107, 1535-~1545,

A detailed analysis of climatological and hydrologi-

Thomas, T.M., 1970:
cal records of south Florida with reference to man's influence upon
Rosentiel School of Marine and Atmospheric

ecosystem evolution.
Science, Tech. Rept. 70-2, 89 pp.

Wallace, J.M., 1975: Diurnal variations in precipitation and thunder-
storm frequency over the conterminous United States. Mon. Wea.
Rev., 103, 406-419.



