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Mr. Joln Theon

Code 911

Goddard Space Flight Center
Greenhelt, Maryland 20771

Subject: Final Report - Contract No. NAS5-21008

| Pear Mr., Theon:

Enclosed please find ten (10) copies of the final report for Contract
No. RAGS-21408, entitled “"Quantitative Mapping of Rainfall Rates over the
Occans Utilizing Nimhus-§5 ESMR Data". This report deals with the use of
ESMR in deducing estimates of precipitotion amounts over the oceans as .
well as the relation of these data to available ground truth information

and to Jarge scale processes in the atmosphere,

Additional sinnle copica of this report will be submitted scparately
to the following, to meetr the contract specifications:

e Mr. J.Jl. Gentilini, Contracting Officer, Code 289, GSIC
f e Publications Branch, Code 251, GSIC

e Patent Counsel, Code 204, GSIC
¥e understand that delivery of the final report completes our obligations
under this contract,

! . - o .
| Environmental Research § Techuolepy, Ine, (FRT) has greatly appreci-
j ated the opportunity to perfors this study and looks forward to further
§ participation in your proprans,
|
' Sincerely yours,
[ ] / /
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i pA ST A 44 / /(‘ ."."v‘fs('
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{ fanager, Larth Resources and
! Atrospheric Physics Division
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1. INTRODUCTION

Our knowledre of rainfall occnr;ing over the oceans which cover
alrost three-fourths of the carth's surface has always been linited by a
lach of data. ‘The principal ohicctch of this progran was to increasc
this knowledoe-base by estiniting rain-rates over the occans, utilizing
data from the Llectrically Scanning Microwave Radioreter (ESMR) aboard
the Nimbus-5 satellite, and 1o exanine occanie rainfall climatology.

The basis of the investigation is the sclective response to liquid
water in the atmosphere of ISMR, operating at 19,35 GH: (banduwidth
250 Milz). Becausce the emissivity of water, € in the vicinity of
19 Gz is low (v 0.4) and inversely proportional to the thermodynanic
temperature, Tu’ wvhereas the brightness temperature as observed by LESHR
is proportional te the product, tuyw’ the oceans provide a convenient,
nearly uniform background for the satellite-borne radioneter. With the
advantages of a) selective response to rain, and b) background uni-
formity, the ISMR system provides the most reliable and dircect approach

yet known for the estimation of rainfall over wide occanic regions.
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In this study, it was first jrportant to obtain an appropriate
calibration curve to convert LS brightne s terperature data to rain-
rates,  bor this purpose, a specially desipned ground-based experiment
was perforned over o period of «everal ronths, in o trailer at NASA
Goddard Spuce Flight Center. (Tho micro Lve radioneters with center
frequencies of 19.55 Cliz and 37.0 Gilz were wounted viewing upwards at a
15 degree zenith angle. The relevant paraseters of cach are suroarized

in Table 1.
TABLE 1

RADTOMETER PARAMETERS

Bl

Paravicter Radiometer ] Radioneter

s oo v wwse - B - - e B .

Frequency 19.35 CGll= 37.0 Giiz
Wavelength 1.55 en 0.8]1 cm
{ Banduwidth 400 Mz 400 Mz

E-plance Beamwidth 6.5 degrees 6.5 degrees

Heplane Beaeidth 9.0 desrees 9.0 deprees

. L
(Rcctunnulnr cross-section, horn-type antennas were mounted with the

clectric ficld vector horizontal so that the E-planc antenna gain

putfvrn, having Jarger sidelobes than the H-plane pain pattern, caused 2
minizun variation in clevation throughout the field of view., ‘The antenna

| horns were shiclded {rom direct rainfall by a wooden lLousing open on one

sidc,  They were protected against wetting from blowing rain by placing

i a plastic wrapping across their apertures and a blover which directed a
strean of dry air across the plastic wrap, {Thc_rvcoivcrs were connectoed
in turn for a period of 1L scconds ecach to  a) their respective antennas,
b) a reference celd Joad, and ) a reference warm load,  The outpnts

| were fed to o small computer vhich caleulated both of the mean bright-

ness tesperatures sor the 15 scconds whien the radivocters were sensing

the vadiation from the antennas (separately at 19035 Gz and 37,0 1=

and printed out the results at intervals of 0.8 uinutvs.)
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(TMO rain gavpes of different types were used to peasure the
rainfall intensitices concurrcnt with the radiomcter obuervitions, The
first was a conventional tipping bucket rain pauge located adjacent to
the antenna housingzs. o The number of times the bucket tipped was regis-
tered by a counter and recorded on the conputer print-out alongside he
radiomcter readings.,  The scecond was the recently developed (Raymond and
Wilson, 1974) clectronic rain intensity gauge with a onc-sceond response
time, located at a horizontal distance of 23.5 nmeters away from the
radionceters in the direction of the antenna bcnus.) In this type of rain
gauge, measurenent is nade of the ratio of the resistance of rain water
flowing in a trough between two clectrodes spaced along the trough (Rl)’
to the resistance of the same rain water in a chamber of fixed peonetry
(Rz). Since R, varics as the resistivity divided by the cross sectional

1
rarea of the floving water while R, varies only as the resistivity, R,/

2’1
is independent of resistivity and is proportional to the cross-scctional
arca; i.c., it is relatced only to the rate of flow., Both rain pauges
were calibrated against directly measured flow rates and both had 91 c¢n
funnel apertures.

(nata were collected with this arrangement from June through
September 1974, On all occisions on which data were taken, the freceing
level was 4 4 0.5 km. With the aid of the laboratory calibration curve,
the voltage records on chart paper were translated to rainfall rates.
The brightness temperatures of the 18,35 GH: and 37.0 Gliz radiometer
systens were tabulated against rainfall intensities. For this purpose,
only those occasions when the rain-rate and temperatures vere steady for
two minutes or more were considerced, in order to avoid excessive scatter
in the data.  The observations wcré then grouped under 18 categories
according to rainfall rate intervals:

[ 10 categories at 1 mn hrri intervals from 0 to 10 mm hrhl.

@ S categories at 2 nmn hr'1 intervals {rom 10 to 20 mm hr"],

¢ 2 categorics at 10 i hr" intervals from 20 to 40 mm hr'l,
and

e once category greater than 40 wn hr'l. ;

-




In cach cn!cgury.(lhc pean and standard deviation were calculated )

separately with respect to brightness. tenperature (f" and o, ) and j

rainfall (R and ﬂn). Figere 1 shovs the yerult for 19,35 G and

Figure 2 that for 37,0 Gz, In both figures, the vertical Jines and

horizontal lines arc cqual in length to 2 standard deviations,
(Apprbtiﬂnting the radionetric ef feet in this case by an jisothernal,

non-scattering layer of absorber at a temperature of 273°K, these

would have been obeaerved by
WAL AU L GAe b B P e Y

upward vivuiﬁg data were converted to what
the ESMR ifﬂlhis atrosphere were over water,

These data are presented

in Figurce 3.
B s
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4. NERATION OF A5

.

Using the calibration curves, an atterpt was rmde to map oceanic

rainfall on a global scale. Note that in actua) practice, several

corrcctions and podifications to the curves were necessary,  The prin-

cipal nolification resulted fron‘the realization that the sensitivity of

——————

.
thie node) to 273°K isothern height was excessive (probably because

supercooled wiater sbove the freezing level was not adequately considered
in the nodel). Therefore, as a neasure of compensation, a modified

* freezing-level pattern with only three steps of change over the globe

had to be adopted to yield reasonable results.  The uncertainity in

Earth location causcd problens clese to land, which could be clininated

and all significant

by disrcgarding data within 1 degree of coastlines

:
islands. To avoid assigning noisc attributable to factors such as
all LESMR

water vapor, and non-raining clouds as rainfall,

surface vind,
- ) o g .
in the tropics to 2 ma hr = in high lati-

- -1
rates ranging from 1 ma hr
Finally, a small] correc-

tudes were ignored, and assuzed to be noise.

tion was rmade for the dependence of brightness terperature on the

scanning angle, although this is relatively less important here than in

studics on a smaller spatial or vemporal scale. This correction to the

anyvhere from 0 to 2°K.

‘brightness tomperature was

, The rain-rate data ware averaged first over a l-degrece latitude by

erid and then again over the 4-degree latitude by

1-depree longitude
S-degree grid used by the staff of the Goddard Institute of Spa
and Global Atmospheric

.
<

Studies (GI1SS) in their general circulation nodel
(CARP-GISS prid). If, in any grid-cell,

Rescarch Progran (GARP) stwdies W

(> 75 rercent), rainfall in the cell was ignored.
Preceeding as abece, mps were generated for the period December 11;
lauach), through the cnd of February 1975 on a

1 1974

19072 (i.c., the day of
Annual averages for 19735 and

|

’ Jand predoninated
|

t

|

' weckly, monthly, ond scasonal hasis,
!

aleulated and charted.  These maps have

1076).

were also ¢ been compiled in the

form of an Atlas (Rao, Abbott and Theon,

|
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S, COMPAKISONS 1O CONVENTIONALLY ACQUIRLD DATA .

Conventional rainfall data over the oceans is scarce and, therefore,
insufficiently reliable for comparisons. As is well known, ship obuor-
vations suffer from platform ingtability and scea-spray problens, and
island reports do not represent the serrounding ocean because oropraphic
effects rodify the flow, Nevertheless, comparison with the best obtuin-
able ground-truth data was attempted.

For cxample, a Jonuary 1973 nmap produced from LESME duta was con-
pared to a nap for the same ronih, produced by the Weather Service of
the Gerrman Federal Republic, which includes some datn over oceans
apparently cxtracted from island and ship obscrvations. These waps show
broad agrecment; both show principal arcas of rainfall to be the South-

est Indian Ccean, the nid-Pacific and the North Atlantic. The magni-
tudes are a)so comparable; in the Southwest indian Ocean, the rain ratce
in the maximan rain arca is 0.4 moa hro . or 300 mm mo'l (ESMR) compared
to the monthly total of 450 mm (German data).  In the mid-Pacific, the
ESMR rain-ra. © figures in the rainiest areas compute to 600 am mo-l and
450 pom mo-l. yespectively, compared to 700 and 470 in the German doiag
and in the North Atlantic 370 mm no—l by ESMR vs. 200 in the German
data,

As another exercise, the annual MR map for 1973 was comparced to 2
climatological annual precipitation chart preduced by Dr. Rufolph
Geiger. The following regions show general agrecment in the maxina: a)
Eastern Indian Ocean and Bay of Peagal magnitudes cemputed at 2,200 o

yr-l (ESMR) compared to 2000 to 3000 on Geiger's chart; bh) China Sca at
3,600 1y )'r-l ESUR) compared to 2000 (Geiger); ¢) Equatorial Pacific
and Atdantic (i.c., the Intertropical Convergence lone (17C2) at 1,800
nn yr-l (LSuR) coupared to 2,000 (Geiger); and d) Gulf of Alaska 1,800
e yr-l (LS4R) conpared to 2,000 (Geiger). Furtherwore, the repgions of
minina are strikhingly sinilar,  They are the Northwest Arabian Sca and
the west coasts of California, North Africa, Australia, Sough Anerica,
and South Africa (Hredast with LENR rain rates of 400 nma yr') Ve,

Geiger's Yess than 100),

1}

— — —— g — - ————— = S—




6. MRVEMENT OF BALN PATTLRENS
Monthly raps of rainfall rates are suitable for the study of dis-

placement of rain belts, and of clanges in the intensity of the 1TCIL

fron ronth to nonth., Furthermore, the structure of the ITCY or at Jeast
the associated rain pattern - a forhing in the Pacific vith the southern
Jirh merging as it runs southeast with the polar front - is of interest.
This pattern throws further light on the observations of Scelye (1950)
of a dry zone ncar the Ellice Islands in the nid-Pacific.

In this investigation, a detailed study of the progress of the rain
belts separately in cach of the three major ocecanic arcas of the world,
the Pacific, Atlantic, and Indian Occans was undertaken. The results of
the study are presented in graphical form in Figures 5 throuph §, which
depict the zoual)ly averaged rainfall over the oceans. The rainfall rate
over the oceans appeprs to be lower in the Southern Hemisphere than in
the Northern lemisphere, particularly in the Atlantic. There appears to
be a regular evolution of the maxima in the curves with the progression
of the scasons.

In the Pacific (Figure §5), the ITCZ shows a general displacement to
the north of the Fquator. The ITCY is perhaps morve sharply defined and
Jits scasonal) novement wore pronounced in the Atlantic (Figore 6). The
polar front near 10°N is active from September through November, vhercas
its complement in the Southern Hemisphere, which is apparently weaker,

manifests its greatest activity from March through May. Figure 7 shous

two main erests in the Indian Occan, the one at higher latitudes growing
) !

at the expense of the other at lower latitudes as the monsoon advances
and vice versa as it retreats. Figure § represconts the global inte-
prated picture.

The Southwest Monuscon affects the lives of nillions of peeple in
| Indian and Southeast Asia.  The weekly maps for May 29 through June 14,

1073 (Figores 9a, b, and c), portray the onset of the monsoon; the two

weekly maps for Octobier § through October 23, 1973 (Figures 10a and b)),
show the retreat of the monsoon, According to the official Indian

. . 0
weather sumasary, the date of orset of the nonsoon to peninsular Indid,

x ‘ ORIGINAL PAGE IS
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in 1973, was Junc 10, and the date of withdraval from the vain part of
thot repion was October 160 This closcly covresponds to the 1AHR data,
Thus, these paps indicate the feasibility of prolucing daily rmaps to
ponitor the advance of the vonscon from the Indian Ocean towards the

Southicast Asian land-rass and to predict its onset and later developrent,

.
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7. CIRCULATIONS AND INTERACTIONS

-

By carcful inapection, it is possible 1o infer Jocal circulations
For example, in the

-

from the rain patterns in the oceanic uscas,
J

Pacific, interannual conparison betveen the austra) sumners of 1972-7
and 1973-74 reveal that they are'netcorologically very different

scasons. In January 1973, LSMR recorded that intense rainfall occurrad
over a wide repion along the Equator and to the soith of it in the mid-

Pacific, which was absent in the Jonuary 1974 data (Figores 1)a and b).
The extensive and heavy rain in January 1973 nust be associnted with

pronounced convection and a large-scale rising current,  This precipi-

tation, togcther with the dry region of subsidence off the coast of

South Auerica, leads to the concept of a possible impertant Jocal vari-

ation in the Hadley cell circulation.  7This could very Jikely be linked

with the relaxation in upwelling, comnonly known as the E) Nifo phen-
oncnon, with its disastrous effcct on the plankton and fish in the

waters of the Pacific off the west coast of South America.
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B, LAILNT UEAT
The rate of Jatent heat reldease (in Lilojoules ﬂOC-]) in ¢cach of
t.hc CARP-GIES 100 prid celds is also available.  To prevent overciowd.
ing and confusion, these figures have not been shown on the naps in this
report, although they are available in the printouts for the weckiy,
roathly, seasenal, and annual periods (archived at Goddard Space Flipht
Center).  The latent heot data, together with rainfall data, provide
useful inputs to nunerical rmoldels and rake pousalle a better under-

«  standing of the planctiry energy and water bulgets,
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9, MOVIEMIE ST OF 106K AND TIE 1CE LINE

Data o1 latitudes pelevird of 52 degrees are often contaninated by
sca dce. This shortconing could be turnced to advantage.  The standard
ESMR rapped data representations utilize x's at high Jatituldes to
indicate the position i sca ice. By resorting to a finer grid, the
displacenent of the jce line (especially in the Soutkern Heminphere) can
be fo)lowed from day to day or week to week, according to requirenents,
P. Gloersen and . J. 2wally (GSFC) are preparing an ice-poundary atlas
based on ESMR data, The U, S, Navy Fleet Weather Facility uses these
data operationally for ice mapping. Tt should be mentioned that in the
preseat maps the x's are changed to 0 at very high latitudes where the

freczing level is zero and there is no precipitation in liquid form.

.




10, LIMPIATICNS ASD POSSIBLE 1MPROVEMENTS

The wapping procedine adopteld here is open to criticisn in nany
respects,  For exanple, no allowance kas been rade at the present stape
for possible diurnal variations, because there is no generally acceptod
pattern of djurnal variation over the occans. More importantly, it ie
not casy to coiceive clearly of the physical causes or mechanism that
could bring sbout diurnal variation over the open sca, altheugh this is
not to say that.such variation does not cxist. UDecause of this and
several other inperfections, no claim is made for reliability in
absolute values of rain rate better than a factor of 2, although in a
rclative sense, the values are much more dependiuble when changes are
considered.

Sceveral refinements for improving the results are possible. The
principal ones are: a) iuproving the model by adequately considering the
liquid watcr ahbove the {rcezing level, b) improving the cphernis and
spacecraft attitude and their use to minimize Earth-location error, and
c) investigating and correcting the eifects of diurnal variaticn, if

significant.
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11, GATE AREA MAPS

At the request of the U, S, Project Office, a set of 1-depree
latitule by 1-depree Jongitude rainfall charts were generated.  ‘These
charts covered the arca bounded by 10°S to 258°N and 15°E to S3°1 and
consisted of separate daytire and nighttine observations for cach of the
days of the Gate experiment, viz., 15 June through 30 Sceptenber 1974,

Preliminary statistical analysis of these rainfall ehservations was
also rade.  The fipures reveal that rainfall over occans ncar local noon
is greater than that ncar local midnight. The ratio of the day to nipht
frequency of occurrence is 1.41, while the day to night ratio of rain-
fall intensity is 1.72. A possible component of this variation due to
instrusental calibration probica (residuxl effect of the solar cycle on
.the orbiting ESMR circuitry) nceds to be investigated and removed before

the net diurnal variation is assesscd.
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