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On the Snowfall Intensity-Meter using the
Scattering of Infrared Rays
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Masujire Shimizu, Takashilkarashi and Katsuei Kenmotsu
Institute of Snow and Ice Studies, Nagacka

Abstract

It is well-known that light emitted in one direction will be reduced due to
scattering of the rays by snow‘ particles in the ajr, and a portion of it reflected
back due to the scattering can be observed. We utilized this phencmenon for
measuring the intensity of snowfall.

Infrared rays emitted from a xenon lamp were measured through two re-
ceivers. One was set in front of the lamp at distances of 5 to 30 meters. The
other was set near the lamp to receive the rays reflected backwards.

Attenuation of radiation by failing snow is represented by the formula 3-1,
so the intensities of the rays arriving at the receiver B in Fig, 3.1 are expected
ta agree with the formula 32, in which the symbols are the same as shownin
Fig. 3-1. We can obtain the value of the extinction coefficient by the for-
mula 3-3.

The intensities of the back-scattered rays arriving at the receiver D are
expressed by the formula 3- 5, or approximately by 3:-6. So I, may be propor-
tional to the scattering coefficient 0. As k and ¢ are related to the intensity of
the falling snow '#", we can know the value of ¢" by observing the value of Iy
or Ia.

Now we don’t have the single definition of the word “intensity of the falling

snow ', however, generally it means the quantity of snow having deposited in
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1 em? horizontal surface of the ground in I minute. According te this defini-
tion, & should be represented by the summation of the products of mass and
falling velocity of each snow flake, as seen in formula 3.7.

The time lag of this meter owing to the use of an integral circuit is dis-
cussed in section 4. The devices which were made for the purposes of correct
measurements of the intensity of falling snow and the falling velocities of snow
flakes are presented in sections 5 and 6.

The accuracy of the snowfzll intensity-meter is examined in section 7,
compared with the value obtained by correct measuring. The extinction of the
emitted light related to the intensity of snmowfall is shown in Fig. 7-2. Back-
scattered light related to the intemsity of smowfall is shown in Figs. 7-3, 7-4
and 7'5. These 4 {igures prove that the meter is more accurate than we had
thought before this experiment.

The reason of such close relation between the values written by this meter
and the intensities of snowfall must be that the conditions of snowfall were not
so different from each other cases, as the correct measuﬂng‘ of the snowfall
intensities was severely restricted by the wind speed condition which was less than

3m/sec.

In case of falling snow flakes only, we have got the above resulis. But
contrary to our wishes, in cases of soft hails the values of our meter were
about one third of the correct intensities, because the hail particles could
scatter the light not so much as snow flakes and fell down more speedily. And
to make the matters worse when the soft hails were falling with snow flakes, the
records of this meter took the values of any rate from one to one third of the
correct intensities. So we could not find any accurate method for measuring
the intensity of falling soft hail.

An advantage of this meter is that the value of record is not affected by the
wind speed. So if we use this meter in company with another one, for instance
with the rain-gauge-type snowfall intensity-meter, the meters are expecied to

correct the defects mutually.
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intensity — meter.
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BLEN,
n
LzAT, BT .2 TRADABELR DK .+G£4y_ ...... +‘_U~ﬂﬁiﬂ)+m
ENOTH D #b,(T+1) ROERLT HBYUE 1 1
METH2ZLHETLICLLERBEDE, #D TRaHbE,

CEkRSKEATIHEETHLATHILY, THL,
ERICLD,

k=483 (7-3)

LEEEOT.ChE (33 ) RERALT,
Ig — I

S=[nB Inis (7+4)

B(B— )

s2B, FoT, (T-1)RE(T+4)20
BRALONWTELLE , OB,

Ip= L1z 0113

THLHEOT, (T-4)RE{T-1)XDEWN
BEBRABZECHETBLI 2 WEBETH LI LMD
wahH, TEDL,

Ip 15) 1 ( Ip )‘
i (7] - (“7; AT

_2/fp \¢® .“(—IYWn—l) Ig_ 4"
3(15 1) o (}; 1)

(7-5)
LAy, AUOHERERTO0OSTHE, Lih
o T, FOELHLICEBEE, (7 1)RE
(74 )ROMEOHZ0.944+1.060MICE
B2 aTL3dzLicrd, *OFOERS
00910 *cm minmg™& &5,

73 SAMEXCEILHMM
REBEKHOBRFRALL E R TR LEOR
GHEE ks LT5E  BEOBRRKHS

I =7 exp(Z.Ogaxd x107%)

7-.6)
LFEbIh b, ‘

rROrepIvdoEdaTOoHER RER
EOP DV FRL-TELERTHY , cOBRER
ESttr-oAB0BRCBERETE, r=30,
9=10 Tk, EROEFTwENIS0H



SEHW T D TRBOBEN LICHT HHR
1969

B SR ST RE S AT
LR | BELELTC
WAMIK, TOoERI% °0r
PESTLER.
196 BEQOKRBR T, 80t

y=20,0=10¢t%
Cr, ki, BIEOREE 70
tlxEERB. 0T,

o-
UTOFRICE, ZOB  ©

LESTHD, sol
BRABEARAOLISET
d, (4 4)R0dD 40

ER LI nDT, BhR
Kitnh FhT,BEER
BEHEC LISTHRALA 20
15EETESOY— 2
Be L o5 4MOEE [o]
6 AMOSORHELH#

30

la=12(S+2)

#2185

la =0B(S+2)

FRAKORREL, © S E—
-2 emmndd
T, ToEFKERD S L,
B7.30f%C%5. g7 -3
7 .30k &>
(7-6)Rkkr=2,
b=1kbnaRCLa-T, Iy W2, I; &
Ix,Stmg/cnf min 2B & LT, AORET D
EEolL . TOBRAREERDLE,

I;=12(5+2)
I, =08 (5+2)

(7-7)
(7.8)

1]

b , BT -3 -0 BTRLTHS X
SE,BISERACHBLTWA,

COBREARABRESEA S, EREMNKCHE
—EERLEATLIWTHS 5, Ll , REOM
ER+20%KEFTLOTE, RENTEBEL
TREATEGTESH, THRICENDINWEOER
R BLOT, MOBRHLLETLTHBH
BiE D,

rikoFTE  TREOY—ZOMHELEY 6 A/
OPEBRTHRELIOXETHLI L, ERAER
ToHEILRE > Tnih, £2T, BEORSE
OEAERX4 R I>THEL, BEREYN
ORBLELHECHBICELL, zoLiiTL
T AUBOIARRET . 101 FTO&EK
RLTH 5,

7 - 101 BTOHBRTRTEES LT

s 5 6 7 8 9 10 i 2
mg/ crrfmin

BHFERAKOERMEL 6 FHTPHEETHE

Recorded value for back-scattered light vs. spowfall
intensity in 6 - minute mean,

5, ZhiFEPROBROBELE LEXUEIE
L, *OB, ZEOLAABARRENKEL R D
OT, HHBOY— 2223 T oA STHWES
BCONTHIEALRDLDL, COXSCLT,
196 7&£2A1H&M2A1 6 BORAKDA
THELAODHET - 4 TH 5D,
R7.47T 1d Lk OBFERELAELL,
{6 -6)%0Dr=30,0=10Td-kéLi
CEHMETS 2 b, Iy £S5 LEBEENESE
FTn3E, Bl ixtmg e min TH 5,
7 . 4I2nT, AOBKLTWAERD
LtRETHAFNERLAERE LS L, ENRO
g

I;=15(8"'+2), (7-9)
I;=10(5"'+2) (7.10)
EEDLANS,
B BLERNLLBLhALBMOEFEL
5. BERT.1%I0E7T7 . 1RE-T .

BoRbFORBOEIZTMALE ERTR20D
T, MBI HENEAGHRER B THh 2BE LR
ELOELT,ThETDLE) [ EFHE 2O



AT AR LR TR EN OB — K« B« A « Wk « T+ B

DEiBRhORIERC, RO
BX%t , pFMAXORES
LK MERMEHOEAME
LS LLTRD , GEOK

#BurxrteE BT .501L lx 18 X
plerd, cose, koo o
A48 )RICLLT, Bl 2 14T
brATHLOREBEML 4|
THD, &

M7 50KOHABER ol
OERETRAMRBRICE T
Wa, ziiZ1 96 8ED 8 -

1-2R0HETHEHD
(7-62i1r—2,5=1a

LT, Ke 26 1s REBRL 4
T, To &SoBRTRDT

£, kR - TREThEh 2t
I, =14(%+1) o

1967 2 16 ¢
1967 - 2 - |

_ (7-11) ] )
Id =1.0(§+1 )

712
L% 5, ( )

ME3BbORETL-T, HET-4
BAOHEENL LY, 2hiC
B, *hPfhoBhmid s,
LOZoDHBOD , B3 B -
ET I LTHEIELE LAB2OFE
(7 -4,R(7-9),(7-10)7T, ADH
BB RE3{%2) , B30V LBDORHET
ARBCH L BB LABET, SOSHHE
AhEL R TwDdEER, BEBCET A,
LOHBRETH, BEREOEREEX RS S
RO, RERBSHEHERAL A CORSKIE
MeOREAVDBLH, BIAREZ LiE, BWE
MOZEOHLALZBOREHEFCLTHEZE
THE, 17MESEOLI 284, BEORS
ERMey , EMN AR ERSAE D RKEnADL , B
mOERTORSER 2 -Tt , FOHE
2D I<hn( HEBRETILE(LNL) Z L
&L, TORMETBSBRERET L tes Ll
(HREHM T L) 2B LA, BEbAw
.

—F , BEREH TR, BEXTRIOmDE
BOMOTHHEBEOMIICE] , HFRAL
TL10mBECOEIOMOTLBHAEERT

BEHALORI LBREORI
Intensity of back-scattered light vs. intensity of
snowfall,

A B, LHL, 20FEBMEO>WTR 1B
HMOBREBEISHMIEEO L Lo Thiin,
ZORDOBHRBEG . CHIBRCRKE WL
Hhi\n,

ZOnSENSSDE, LOZDOBBEOER
T, ERICAWEEL ANRIVE , FHTLE
MEE{TL2HFVEECERNR, 2 2EHT,
IR LAEEER TOAD SHOMAYHIES
BERto3o0RHfABKLI2 OTRLL LY
TLT\nA,

Chbor tYEZR L TEXBOEETRET L,
LAHEBRRRMNERBYA IOKCEBDRSE, Ch
W, BEEE RO HOHES, ROBA LR
TEThEEL 2 WAD ,, BRYBAL 2 OME
RE(BHFOM, BRO¥ , BTHESL &) il
BOEMTZELh-ki R Izht @t n,
L2 L, EROKEIKDATHE ,ERLmm BT
CHMEEZLOHENMIOBRELS ,EER cmDRE
FRE]LT2BEEI T, wAnAETATNE,

—37—



B 5 R ORERS T 2R

4
PER B EEmRATENE 2218

8. BROXAEXOME
BEH OKASOMR ORMELEE
MThrbiCd , £EBRLORED o

1969

EhLE S »TEER Lk, ZOBR
OBBECHELOWTIE, B% - R 8ot
DREOTEREIhAZN, THIL L
T . BEFOEERL ERE 53740 70
HHEGEREI LI T, BEORN
OA4BRBEEFEHICRG L, 0
BHtEsToR AR -Ebabh B0
B,
-5, BrmcBRE M2 T, 40fF
ThEHRTRECEET 2 Fkd A
sk, TNESA~1045s2 D8R
KEBH, EOBHE-E D RLD 20}
OT, LOEERLPEF LTk -
. BHB8 - 128 6T, # 1or
HNZBRE0BATBATRLAE., ¥

301

og§c
o % %
o
%
-]
[
o co
[
Q
%@
(% oo
-] [}
o (2 )
OSG’:
3. ©
B sy
Ol4>
o
L 1 L { | 1 I 1 1

NLOETAETERDOLS ToHA, %

ERS -1 [ BMEER »LFB
FOBHD-2RZ2BR (1968 )1 78
01A~FA31403 08HCR-x
L30T, alfl 7TRE2 04 bR 25
HORETHE,

EA—-8 2 BHERLIU IS
HOR-1B31E{1968)10B048%0
F245ETHEBE-ZBET, alZ108045,
biZE20AHORETHD,

Ex 8 -3 M. EHRGOW . 1828
BE(1968)10B04A20F402% TH-
FBET, aR10B15%, bidFE25 40K
BT 5,

HEWB- 4 K- . EEBAOH: LE
28R(19668)108H5685051 1820
AETTHRSABRET, ald1 1851545, bt
M2s3ohETds,

"EX8 -5 KENXEN.oM. 2858

(1968)10F2280bWF5245E TR
BB, a 102645, bidA3 1 HORME
Th5,

ERKS8 .6 3N HNB( B 283
B(1968)11F4345001204342
TOBRBT, all1 1558, bit1 280 3
FORETH D,

HEOEBREHGTL2BELOWT , BE2D

BT .

5 ULLBIOBELOWTOK &5 08K

K; vs. 8 for each showery snowfall.

BALBRTREFOLEE L OBAE B 7
50T ( 2V 2 X oBFTRLAZEC L TR
AhE, 20( ) NOMENEHKLS 1 ~8
soEfoHFELRIE LTS,

7 57TH, RERBE{BL-TWEE
OB, “"K"LHLTHE, —BERBE OB
fi, COBRBHEHOEREBEOBNF (X
CTRIZAEN)KEBLTWE, +4bh, B0
BlLE3x LT, KEF TR, B 58AX0R
TRBCEROBBRENTLEWEILDHL, %
o, BB RER TR (L ) ofiTR, B
BORIOEMUTRLBOBEICH~, #E kA
2~3HBNZLERLTWS, (2 ) OHAN
BERrTthbitKkoTHELBRILARB O, EX
RICRBLENERBONANEEINTVERDLT
HAELLW.

BLoholfELT, @7 .5 (6)DH
ERELTHL, 208811 FATLEWHR AR
25. 2N OB ARETHENKE WD , &M
KRR OSABENELTYL , BB OBRA L

—38—



FROBE FIA L e B BRE R O —— T » 18H « AH « WAk« +IE - B

BEHS -1 (Lko2#)#HEASKENERE() EXB8 -2 (Toz#)@BMsSELIZRQ

Upper:fine and small flakes (1)- Lower:fine and small flakes(2).
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EX8-3 (k) -IBhR BEHR8-4 (TF)KRKFIEFRE
Upper:small and medium Lower mixing with small»

flakes. medium and large flakes.
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EX8-5 (LE)KEH EHS8 -6 (TFT)abh2Lb
Upper:large flakes. Lower:mixing with soft hail.
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