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1.0 Purpgse: A study 1is being upde of alﬁ known eihedg of

measuring precinitetion,: both»liouid and solid, which nay
oecur in natura, with a view to adabtiag taese ‘techniocues

of nrecipitetion measvrement $0 unattendedwawtomatic '

& ) Lo ‘weather st&tion oneration¢
jg" ] B _ e e i .o - ‘
é%" 1.1 Scdbe 6f work. The workﬂhas been divi@e@ ;gto,two tasks,
Ei wnich are renorted below a8 followq. ) i
% Tagk A. ’Bibliogravhy on Precinitation ﬁéQSurementsa 1
A ~° . Paragravhs 1.1 - 1e& ‘ , S
é‘ Task B. :Statistical analysis of precigion require- fé:
i ; mengs for nrecinitation measurement. 8 K3
;;; B | ”aregraﬂhs 2.0 - 2.4 o : o | f;o
L TASK & | I
?v% 1.11 Phase 1 . The search nhese of the nrenérétion of the bib- | ?i‘
\*é\ 1iogravhy was hegun at the 110raries of tae University of o géﬁ
‘i% ‘1111A013. A trio by the Project Engineer o the Signal : >‘ | i§¢
; Corps Laboratoery, Belmer, N. J., the Amerlc?n.Meteorologi~~‘ :’§§‘
Y $§‘ B _ cal Abstrécts and Bibllogranuy Sectlon, Lihrary of Con- | %j
r 2ress, Washlugton, D Ge3 aﬁd tne‘Ua Se Weather Bureau, ' ‘iéz
ﬁ ; Washingeong D. Coy resulted in =) 1arpe voluv re of biblio; ég’
; § grapnieal ma‘ceriel° To date 309 articles on Drecloitation 33
; TE measurement have been nlaced on our rePerence list. Cor-
f;_% resnondence ‘hes been carried on with other grouvs using
?!‘E veriovs tynes of wrécinitation geges. Dr. C. Fs Brooks
; % of‘Harvard>Un1versityfhas‘ﬁeenrmost~000perative in sup-
é‘ plying inf@?mation énd datas
%% 1.12 Phase 2 - Tebulatien and puhlicaiion, Pertinent infor= A
2’ mation oa all references nsg -eep nleced on cards 28 ; é
: tnis will fecilitate the publicetion of the bihliogravhy. ';;
. B RESTRICTED SECURITY INFORMATION.
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160 references are not availahle locally. Ahout 30% of

the references ere 1n foreign langusges and some of the

”imoortant oaes wiil be translatedo

Y

At the present time the hibliogranhy is about 30%
completes As erticxes are rev*ewed, nore referenceslere
found and in this nanner the b1W110graohy is consnantly

xoanding. '

PO

~Phase 3 - Review and evaluatiOn of the known mebhods‘of

s

’\meesuring preoiﬁitationo This work has not hegun

4»

uThe folloW1ng 1ists contain the precinitation neasure-
ﬂment methods uhat have been found.

'x@[ NonrRecoraing gagesaf

Y P All of the following gages are: similar in opera-
A ti ' and heve odly minor design differences. Toney
are oylindrically funneled gages.

. S*incn gage of the Meteorological Office,
Great. Bri‘bain° (Snowdon) -

. 24 3.57-inch goge of the Canadian letsorologi-
' cal Divlsion, :

3. \8~iﬁoh gage of the U, S Weather‘Buréaug
b, 7, 64—1ncn U,.S Foregt Service TJoe Gage.

- Be . Desert type gage. .

6. Bradford Goges ' B

Te Symons Gagee
’B@A.Harvord*eeges
9, . Glaisher Gage.
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12, (V&ctﬁrweage; ) | '

13 *Eeilmahnveaée,
1b.  Sesthwaite Goge.’

e

'IS.,‘Kéétiiﬁnyége@' 7
160‘ Tonneholt Gageo ‘ . 3

The next. (&) gegeé pave, in sddition to a hori~
zontal orifice, orifices thet are vertical or at

a steep angle. The rotating tynes face 1nto the

~,w1nd whlle the ncn—rotating tynes h@ve orifices

a

G

facing cardinal ooints of the convasso
l‘ AHaas*uutschg apherical raingage.
2. (Vectonluviometer (nonrrotatlng)e
3 Vectonluviometer (rotating).

b, Directxonal gpge (rotetiag and dinping),

>

‘The follgw;ng gagegla;e‘totalizer or,storage
tyne‘gageé-that are 1eft'unaﬁten¢e& forjlohg R
’periods and. usually nave an oil covered antl~
freeze,solutién to melt and oreserve nrecinitation

27,

‘that 1s caughte ST

% 1¢ Sacramento,
¢4§§ 24 Maurer°
I ? - -
i 3. Bigelow¢
; 4 .
B .. .
- b, Wougin.
—— ‘?-“é . ) - . . > ’
ﬁ« 5, Pollack.
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i 6. Marvin.
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) 1. Negretti and Zambra Hatural Sinhor MWWWWW‘M

I floet chapber is HMWMMMW“MMWW“MMMWW“WWMMWWM B8l

3 lewel that will f£i11 the chemher. The sivhon

¥
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‘umw%mm

m@ WMH-WMMWWWMWW;MMQWH e WW\MWMMm\WMwm fypes not

Loe | @mmwwm% in ,mmw “WMwmwwmwmwm ces sre eitheér

Wmmwwmm gy m%umw‘mw MWW P

L

.
. L3

“M“ -
5,

11, Recording
KA. ;WMWWW

1.

Lo

“memwwu%wwwm 7
MM%MMW mmwm @mwm; ' ‘=f \1 . x';lzﬁ

AWMWWMM“WWWM:MMM@W' le”ﬂw%ﬁmmm WWﬂWMWH
. s  _ perallel mwwmmmwmwm

Concrete mm%WMmmmmwmwmww {5¢ dia.)

Blre

"WWWW‘WMWWM

type, wmmwmwm sutomstic Mﬂwwwmm

ﬂmewwmmm WWWJMWWmewMWWWWMWMMMW ;Mmmm‘mm

mmewmme-mMUm WwwmmmwmwmjmmmwmwwMMWm¢m‘MWM%
MWMWHM-WWWQW~MMMMMWW‘MWWHMMW the float to
:w%wmw ‘WhmmwhmmmmwﬂMMmrwwwmwm from the floet
has 8 equally spaced studs on i1t. These

studs sngege a pallet on the ben “www‘mmw

“therebhy ngw MWH pen & mewm BEes , one for

each stud. ‘WWHKWMwmmeMMWMWW‘mmmmm‘M mmmmmH
“WH&T“ rein and is ezntied hy W‘Wﬂﬁmm“ﬂ%@ the float
down »

Rosed Mwmw WWMW g e ) mmmw MWW‘WMW‘WWMVWWMMMW

:H“\ww MWM‘W‘W‘H the \‘W\MWM‘WW “mﬂmu%“m ﬁmﬁﬂf W%mmm \\%"\%@:‘H\W o
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\L" B
i”:‘ astlion I8 sutometic and tekes about & seconis - EWL o
. . s S | b b
i -~~~ to empty the chemher. The pen arm is attached o
; . t0 @& float snd records this actiom. i
B 2. Berlin {Name unknown.}. This gege is naturel
) - . :
1?""“% givhon ty»e dut thse sinhon zetion wes trens-
j\ o ferred to & mercury menometer ammzmmmmuﬂummmﬁ with
t ) the water sivhoning off at a predetermined’ ."
2 level. One side of the manometer 18 in con~— Iﬁ
tect vith the water 22d its cyclic action, e
-] : H
"‘1;;‘ while the other side has a flost with a pen f: :
1 arm attached to it thereby recording such ;* /
o4 action. _ i ;
By "
"y 3. Kent sychon. i L
e #
C. Yelght type @mmmzm . {(Collector m»zﬁ?"‘mm:mm‘wmw“ M weighed.) ' ﬁ i
le Hellmenn~Fuess. | | %@ﬁ ﬁi
. gl
2. Pergusson. t
b
‘ | ﬁum nS mv&m -~ I ‘If
i k. Sonrung. | ok
‘?‘ “W‘ ™ Wlﬂ.mhw M‘W :MW‘M?:M:“H ;m \H}'\HM%WH‘- & :‘}E ‘-:‘ ‘1
b i
h; %
P. Combination tymes. irjvf
{ 1, PRung gege, (Welght and Tlpning bucket) ‘
. ]
f 2. Nilsson. {Weight and tinping bucket) 0%
{ B [
g 3. L. Pslazzo. (Sinhon and tinning bucket) dk
[
] 1 - o o, e \ ; ' ‘ {‘m
fL 4, Jules Richord. (Flost and electric velve) H JL
.. . . )
n %, Puess. I[Welght and tipping hucketd) wE“L |
; T -
@ 6. Jardi. (Float and valve) % w;',
| ) o \T"i i \
Lo | ) o i
T T e v CTTITTTIIT T T
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£ 7. Bil. (Clock qmepateﬁ vwlwma, 3 contsiners hold
- , “ Co 1 mmmmmem wmmwmmw float mmwwwwmmwmm

i

(|
P,
W
B.
¥
Loy

iy

8 ' L
ﬁ' ) E. WMMMHIMMMwm ug mmmm @a@wmm

PRE

"‘%; - . 1. BRa mMmmmmﬂmmﬁllmwwm&pmwmmemmw wﬂﬂiwmm%ﬂm& i
H%- '13_ | : '  N o lmmhwl% WW’WWW ed on the mwwmwm MM%M*M%M@WWD i E
:H?MI | I‘Mm&lﬂwm mmMm awwwmm%am over mm tw detect i'g
- radiation. WMW mmwwmmmm of mwm mﬂwwmm ﬁmwmw%mw ;(@
| 'is nruuurtiah&l to the denth of water eqwi~ Eéi

wmﬂmwm Mm%wmww MMW MWMW | ‘ }f
2 ﬂyers pressure tmna gage. Emmlowsﬁa “ﬂi@ru~ ;*f
sen O MM‘WWM nressure MWHWHMMMHWW eg the 1}’

~ - '“wmmwmmw mlwwmwmm At the 10° pressure (1% of %

wmmwmmwm an WMHMWW‘MMWWM“MWHWW“HWHWWMM‘meww: ﬁ
) wmw%%wm me HMHMMM (10 M%"WMWM Mwwmwwwmm %?

Hmﬂ then the operstion reneats itself. U.S. k{
-wmmemw wawmw - Mm WWW mHm e 7?

3ol Willlemﬂon gage. @Emgiishﬂ ﬂﬂ watem in a E

raln %hﬁm WHMHWWMMW MH%MWM Wm‘wmwm 1t comes

in comtaut with a hﬂnging weifhted wire. This

g T AN

e =8

montact mﬂwwmm a m%wmmﬂm HWW\MMWMWMHWiH small

- AT g
EXPOTL.2

mlamtmmm wmtmw WMWWW 1m turn holsts the wire

S

mmmmm wm WM ses wwm mﬁ the weter snd hreaks

1
P ¥

- = ’ ) - ‘- =
.- Toor
. [ REEEEN o
i e e e e e e e e R e B e

the mm%mm%ﬂww mmw%wmmm %ﬁ

4

' ) . R

F. Emeripental methods with possible precinitation 3

MMEMMMwHWWWMMHWWWWW v . %

1. FEeating units. The amount of energy necessary @

5l

to keenp & looved rod or rouvnd disc dry can %ﬂ

i 3
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g _ - o
%j 'i %;
EE | be measuredq This energy in turn is pro- , glgi
2 . .'4, porticnal tc the amovnt of‘ preci’oitation ﬁjj c.;f
g ‘ striking ‘them, v I
51; s ‘;g:i Canll;ary collector. This'ihstrument uses ' z ;E
,Vi . ° .;; capillary nhenomena to collect and retain Z-EE
'.g : & ) wster drcns striking a smcll 3crous surface. 7 'f”?ﬁ
\ %.- 3 maulard Listening device. {French) A tele- ' ,1 f
f 7 . R ohcne receiv°r 18 modifie& to allow water teo guﬁg
?; ) | ... run -off and to reproduce the effects of rain- ffr}
. . i ﬂdrocs striking g smell disc attachcd tc the : ;ﬁ
. receiver & membrand. } %3
L :REI Gunn excerlments with falling«irons Two é %
%ﬁ B ’l'g ) ;'ﬁj vertically cebaratei rings are so arranged 'é-é
L . - ;' that a raindrop faliing througb ‘them will é;
. 1nduce twc nulses on a tape oscillogranh f]%
\ . _ whicn are directly nrooor%icnal to the §ﬁi
. f | ‘f- velocity of the drono %%%
| .? ‘_’1_“,, ?5; Stehberger electric nose. Consists ofctwc _%i;
, . o : large 5ylﬂnﬁrica1 gondensors in & d&ffcren4 @ﬁé
51{ ) tial cipcuﬁx-tc~measu:e.the conductiv1ty of élé
'f 'thE-aii betwéen thé condensors, The con- g?é
2; : ductivity is proncrtioncl t0 the amount of g?i
N - IR perticles in the sire - m Ei%
w;yk- lé;ﬁ Imnactometer - functions on’ amount of energy ' ;?é
;'g . departed with by a arop 1mning1ng on & sur- :‘ﬁ
:;;& “face., (Similar 17 listening<ievicec) - '3%
Eflé _ .”'iélvDisdremeter." An instrumclt fcr measuring | ”ﬁ
e | %
o b
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rain dron size by Ovvicﬂl network. The ambunfd

QI 11ght in e heam varies as the amouni: “of 1nter~

@

ference by.falling‘dropsm

G. W1ﬁd nrotectioq for rain gages; _ .
1, Nipher Shield. LT T o
2. _Alter Shield. | o o

3; Pit gagingx

3 S il

'ﬂ. Turf—walled uits.

_ Se —Fences.

~

-‘1¢u Researchs Very 1ittele has heen done. here »a,the"way*of re~

search on geges. OUne problem thac wee briefly investlgated

wag an oll-wster. seovarator for raln-snow gages. -

A proalem of melting sqow by heating the funnels of
cording gages, hes Heeﬁ that many smaLL dre@s of water'
would cling to she funnel and would therefore be qubjectedr
to evaporation Qaused by the high temaerature gradient be«

tween zhe funn 1 ﬂnd surrounding air. o sidesten this, a
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< . metric &g Well es non-narametrlc tegts of the hypothesis that

‘a very light oil. A 1/2% tube (A) was placed in«,he mopth

'ef the funnel and extended ahove thé gurfoce Of the Oils

' Ariother ghorter length tube (B) was eolderea £to tube (A)

wiih a notch or Weir (C) cut hetween them 86 that water

‘would flow from (B) into (AY. 'The lower open end of fB)

was placed helow the o1l surface and this affected the sepa~

'ration,- " Snow would fall-ento the o0ll, be melted, and sink
jbeiew7te the water, This would increase the heaa at the

weir and ceuse water to flow up tube (B) oni down tube (A)

to be fecorde&. Of course the temﬁerature of‘the water ;'

must he kent ahove freezing by a suitable heating apnaretusn
It beeeme immedietely annarent that the instrument had
large lag characteristics ceused by the elasticity of the

wate“ Pilm. The addltion‘o? deterrgent to the water tended
to alleviate this coniition but not enough te be satisfae~

tory° Werk on the investLgatioﬂ has heen temnorevily sus=

‘pended in. or&er to.¢omnlete the bihliography.

TASK B’ . S
Werk comnlefed; The studj of the eXistence of a

nersistv“r batuern of nrecieitatioa ih’ the data ebtained by

the State Water Survey in 19481953, from raingege néetwork.

. on the Panther Creek watershed (95 seuere miles) hes heen

‘ comnleted and a full renort ef the stuﬁy will be included

in teehnleal renort #11. Tne werk on thie problem wgs con-
tinued duriqg Anril 19 2 beyond whet had been dere auring
Mareh because sone quest ons were reised COncerning the .

earlier results. The tecanical,reeort Now iacludes vera-
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no persistent-pattern of rainfell exisxs in the Panther‘C?eek E'ﬁ
'watershed during the sumne? +hunderstorm seagon. < ¢ oo »g&éi
"241 The results of the. parnmetric teste of the hypothesis of élﬂ
| equel oreoipitetlon 1n the Panther Creek watershed; for B é
,1030 ?nd 1951,,the yeears in which adeqva&e @eta were avail~ %I:
;able, -do not show signiﬁicance; thereby supoorting the nreu ;lﬁ;
- vious findings of the- non~parametric tests that there wes b i;
no statistical evidence to disnrove the hypothesis of ranr- %13§
dompess-of pgeoioiteoion-within.?anmae?'Creeka o igrg
2.2 ;Since a question was raised as to whether there was not, rn é :
b fact, consistently more rainfall in the southern part es 2
?;_' comnored with tne northern part of Panther Creek, two eo- éfu
A _ditional comnarisons were mede. . One was the comparison of z;"
‘ %- the northern snd southern narts of Panther Creek, by means i-;
: of the t-teeu. -The res ults showed eignificantly higher - %%g
i precipitation in the-southernﬂpart for the year 1951 but g
g -nob-i‘_oﬂr-" the;,yearr°19‘5b., the- ‘only twe yea-rs"for which adequa.te' ; :
date were available for this study.. On the basis of this
fff - évidence, it would not he possible o conclude that the 2 ?Y
:*g soﬁthern.nefteof Panbher'creek ha$-more,©reoioitationg ?ﬁ
3 o . , )
Kﬂg 2.3 _The second comperison ma&e-waS‘the* betWeen*Gridley end gi
;:é Minonk Us S, Weather Bureau Coo%erative. stetions bordering. %%
.;-§ the Panther Creeﬂ watershed Just to‘ ‘he souta eﬂd o the i§
L .. .north, resoectimely, Twelve yeane, 1940 through 1951, o ;*
ﬁ%' ofﬁmonthlxmgamanwere‘availeble, and the.thunderstorm'months 1.
S—E. ! - B _&ﬂ
S e e o

—t A~ e s 3 e
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i of May through Seotemhe wgre stvdied, The non-paranetric
'i; sign tesL ahowed si&nifﬂcentiy a;gher nreciﬂitation at.
o ’ Gridley than at Mincnk, bvt the tmtest taking actual. nre«
gdé : 5 o cinitation values into accoxnt did ot. Tnis suggests that
] g;-l,f: ;there orobe?}y is a slgnificsnt ai fference in.crecinitation
: al *lobetween the' two stations but that the vaviabi 1ty 18 ‘so
? ' . >:greab thau even 12 yeerg of recor&s are 1nsuffioient to

' estabiish tﬁe significance of the cbsgerved difference of

. e 30 incnes ver month wh&ch wAs ohserved over the 12 yeers.

h ' kIt 1s estimated that 1% woulﬁ take ghovrt 20 Jears of data
‘oﬁf ; ”J e ;“of tne Lina tnat were available Por the 12 year Dericd to
;i ; . | establif;:éhe'sigﬁi%icance @f the ¢30 1ncnes difference in
:% 1 . :ifv - ”oreciactetion hetweea tgew%wo{steticns. B
R Tl L B wannt | eoge e
ﬁ: E 2;47'30 far as [tatlssical metho&o‘cgv is concerned with re« ﬁ
l>i - ) ) 4snec% to studiee of nettern of nrecinitatioa, it seems ,k
;éi’;;i;h ,'f'from the nresent study that the non—narametrlc tests sre '%f
:72'}’3 : 'j more likely tb ‘Show existemce of leferences from hyoothe~- :;
.%?i-%w;;N ) ':ses tesbed than;are the parametric tests, f
S ( * PUSLIGATIONS, LECTUR 3, REPORTS AND_GONFERENGES
f;f';': {Byé':Since this nroject ig classified ouclications, lectures, i
T?ij m”( l\ reoorus end conferences have been held to a minimum, :?
L ?h}‘ j 3,1:;X~2~hcdr seminsruon the nroblems of gaging nreciﬁitation f
'312; f ) S }?‘twas c¢onducted fop the Survey S Meteorologic staffe f
Y | " PROGRAM_FOR NEXT INTERVAL, f
’;  7 c&go"?;ans fcr'the-fupure will be ccatinueg-expansion of the
di' '1 biblicgrépn& ﬁith thé emphasls beéeing shifted from-search ¢£
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to review and evaluetion. RESTR}CT

4,1  Work in progress - The calculations of the sampling voari-

V) em e

- g 57

. ance for semnles of size 2, 3, I, 6, 9, 12, end I8 are

'almgst comnletg for ;he-yeam 1950, Qn‘angtgym day basls,

.11 The saﬂvling variance study for 1951 nas onlv just been

stanted.
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